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URIC  ACID  IN  ITS  RELATIONS  TO  METABOLISM" 
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NE  hundred  and  forty  years  ago  Scheele^  first  isolated  uric  acid  from  urnie 
^  and  from  urinary  calculi.  He  showed  that  the  substance  was  acid  m 
properties  by  dissolving  it  in  lime-water  and  reprecipitating  it  with  acid. 
Twelve  years  later  Pearson^  found  uric  acid  in  the  tophi  of  gout,  thus  laying 
the  foundation  of  Garrod's  theory  of  this  disease  which  was  published  halt  a 
century  later. 

Scheele  and  Fourcroy'  and  others  studied  the  chemical  properties  of  uric 
acid  in  a  rudimentary  way,  but  the  work  of  Liebig  and  Wdhler,"'  published  in 
1838  gives  the  first  account  of  carefully  conducted  experiments  in  this  field. 
These  investigators  isolated  and  studied  practically  all  of  the  oxidation  products 
of  uric  acid  which  are  known  to  this  day.  Perhaps  the  most  important  portion 
of  their  work  from  the  biological  standpoint  was  the  demonstration  that  al- 
lantoin,  which  had  been  previously  isolated  from  the  amniotic  fluid  of  the  cow, 
could  be  obtained  by  the  oxidation  of  uric  acid.  Subsequently  Moritz'"  showed 
that  suitable  oxidizing  agents  may  convert  uric  acid  into  oxalic  acid  and  urea, 
both  well  known  biological  products. 

Among  the  numerous  papers  dealing  with  the  chemistry  of  uric  acid,  that 
of  Medicus,"  published  in  1875,  is  of  peculiar  interest.  In  this  paper  Mcdicus 
proposed  for  uric  acid  the  formula  which  seven  years  later  Emil  Fisher  showed 
to  be  correct— a  beautiful  example  of  a  chemical  prophecy,  if  we  may  use  that 


term. 


Uric  acid  is  the  most  highly  oxidized  member  of  a  group  of  compounds 
termed  "purines,"  the  most  important  representatives  of  which,  ademn,  guanm, 
hypoxanthin,  xanthin,  llicobromin,  caffcin,  and  uric  acid,  arc  rei)rcscntcd  in 
Table  I. 


•Lecture  delivered   before  tlie  ll.uvey   Society,   New   York,   April   S,    l>»li''. 
From   the    Departnuiit    of    Chemistry,    Cornell    I  nivers.ty    -Medicnl    College. 
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In  coming  to  consider  the  physiology  of  uric  acid,  xve  may  note  in  pass- 
inc  its  remarkably  wide  distribution  in  the  animal  kingdom  It  is  tound  in 
nearly  every  animal  form,  from  insects  to  man.  Garrod  found  ,t  n.  all  msects 
examined  except  spiders,  which  excrete  guanine  in  place  ot  uric  acid.'  Hop- 
kins«  found  that  the  powdery  scales  on  the  wings  of  butterflies  consist  of  unc 
acid  Birds  and  reptiles  excrete  large  quantities  of  the  substance,  which  has 
also  "been  found  in  the  blood  and  urine  of  practically  all  mammals  exammed. 

We  shall  now  consider  the  substances  from  which  uric  acid  may  be  tormed 
in  the  animal  body  and  the  mechanism  of  such  formation.     In  the  days  of  Lie- 
bic  the  current  view  of  the  origin  of  uric  acid  was  that  it  represented  a  partial 
oxidation  product  of  all  protein  materials.    If  the  body  had  a  rich  oxygen  supply 
it  was  believed  that  nearly  all  the  uric  acid  formed  was  further  oxidized,  while 
if  the  oxygen  supply  was  deficient,   uric  acid  was  destroyed  in  much   smaller 
proportion,  and  gout  or  similar  conditions  were  likely  to  develop.     'H.is  view 
was  accepted  for  a  long  time  and  it  was  not  until  the  early  eighties  that  Kos.el 
laid  the  foundation  stones  of  our  present  theories  of  uric  acid  formation.     A 
great  many  men  have  aided  in  working  out  the  problem,  but  we  must  mention 
especially  the  names  of  Horbaczewski,  Kruger  and  Schmidt,  Burian,   Schitten- 
heL,  Jones,  and  Spitzer  on  the  biological  side,  and  of  von  Baeyer,  Emil  Fisher 
and  P   A.  Levene  on  the  chemical  side,     von  Baeyer  and  Fisher  worked  out  the 
formula  of  the  purines  and  Levene  solved  the  question  of  the  structure  of  the 

Kossel's'work  showed  that  certain  purines  were  to  be  found  among  the  de- 
composition  products    of    the   widely    distributed    nucleoprotems.      Fisher    had 
already   shown  the  close  chemical   relationship   of  these  purine   bodies  to   unc 
acid  and  Kossel  at  once  suggested  that  they  might  constitute  the  source  ot  unc 
acid  in  the  animal  body.     A  number  of  experimenters,  on  account  ot  unsuit- 
able technic,  both  as  to  analytical  methods  and  animals  employed    failed  to  find 
experimental  proof  for  KosseVs  suggestion.     Finally,  however,  Horbaczewski, 
m  a  series  of  beautiful  experiments,  gave  the  first  demonstration  that  animal 
tissues  can  transform  the  purines  of  nuclear  material  into  uric  acid.     By  digest- 
incr  a  tissue  rich  in  nucleic  acid,  such  as  the  spleen,  with  blood,  he  obtained  the 
purine  bases  hypoxanthin  and  xanthin  in  the  absence  ot  oxygen,  or  uric  acid 
when  oxygen  was  present.     Horbaczewski  also  found  that  feeding  ot  spleen  or 
other  glands  to  either  man  or  the  rabbit  was  followed  by  an  increase  m   the 
uric  acid  eliminated  in  the  urine. 

Following  Horbaczewski's  work,  studies  were  undertaken  by  various  in- 
vestigators to  find  the  mechanism  by  which  uric  acid  is  tormed  Irom  nucleic 
acids  in  the  body.  In  this  field  the  researches  of  Schittenhclm  and  specially  of 
Jones  stand  out  preeminently. 

Levene  has  shown  that  nucleic  acids  represent  a  grouping  togethc     o    sev 
eral  simple  so-called  nucleotides.    A  typical  example  of  a  simple  "-^  -  ^^ 
guanylic  acid  (Table  2)  in  which  guanin  is  linked  to  phosphoric  aod  b)   mean, 
of  a  pentose  radicle.  .       ,  .  , 

It  is  from  the  in„-i.K.  p..,-,!,,,,  „f  ,hc  mKlcic  aci.l.  .ha.  unc  ^--"l  "^^  ''^'";' 
origin  in  nummab.  Tl,c  process  of  .he  ,ransi.,r,na,.on  ,s  '-™"'- Y"^^!^^ 
The  work  of  Schit.enhehn  and  of  Jones  has  show,,  .hat  there  are  at  least  n,ne 


4  THE    JOURNAL   OF    LABORATORY   AND   CLINICAL   MEDICINE 

separate  enzymes  which  may  be  concerned  in  it.  We  may  briefly  indicate  the 
paths  for  the  transformation  of  the  purines  of  nucleic  acid  into  uric  acid  as  fol- 
lows :  The  initial  splitting  may  be  into  mono-nucleotides,  such  as  guanylic  acid. 
An  enzyme  capable  of  effecting  this  splitting  probably  occurs  in  yeast  and  has 
been  found  in  the  pancreas  of  some  species.  A  second  type  of  nuclease,  termed 
"phospho-nuclease,"'  instead  of  splitting  the  molecule  into  mono-nucleotides, 
will  split  off  phosphoric  acid  either  from  mono-  or  poly-nucleotides,  leaving  the 
purine  base  joined  to  the  carbohydrate  as  in  guanosin.  A  third  type  of  enzyme 
splits  oft'  purine  bases  from  the  original  molecule,  leaving  the  phosphoric  acid 
and  carbohydrate  radicles  joined  together. 

OC-NH 
O  u        '        • 

HO-P-O  -  p^r\toj-^  ~^^^M-r  -  N 

(JuarMn 
Guarwlic    Acid 

Table  2. 

So  far  as  the  purine  portion  of  the  molecule  is  concerned,  the  initial  split- 
tiiig  by  nuclease  may  therefore  give  rise  to  either  free  purine  (as  guanin)  or  to 
purine  joined  to  carbohydrate,  as  in  guanosin.  The  guanin  is  converted  into 
uric  acid  through  two  steps.  First  the  enzyme  guanase  splits  off  NHg  and  re- 
places it  by  an  oxygen  atom  giving  xanthin.  This  in  turn  is  acted  upon  by 
xanthinoxidase  which  converts  it  into  uric  acid  through  the  addition  of  an  atom 
of  oxygen.  The  transformation  of  the  purine  in  guanosin  may  take  place  in 
either  of  two  ways.  The  base  may  be  set  free  by  a  hydrolytic  enzyme  and  be 
then  converted  into  uric  acid,  as  we  have  just  indicated,  or  the  NH,  may  be 
replaced  while  the  purine  is  still  attached  to  carbohydrate,  giving  rise  to  xan- 
thosin,  which  is  then  split  into  its  two  components.  The  xanthin  is  then  directly 
oxidized  to  uric  acid.  Where  the  original  purine  is  adenin  instead  of  guanin 
the  steps  involved  will  be  exactly  analogous,  with  the  additional  step  of  oxida- 
tion of  the  hypoxanthin  formed  by  deamidation  of  the  adenin  to  xanthin. 

The  enzymes  concerned  in  these  transformations  show  widely  dift'erent  dis- 
tribution for  different  species.  For  the  most  part  they  are  found  in  the  liver, 
spleen,  pancreas  and  thymus.  It  is  worthy  of  note  that  adenase,  the  enzyme 
which  transforms  adenin  into  hypoxanthin,  cannot  be  demonstrated  for  hu- 
man tissues  in  vitro.  Guanase  is  lacking  in  the  pig,  which  is  subject  to  guanin 
gout.^^ 

In  mammals  the  preformed  purines  of  nucleic  acid  constitute  the  chief,  if 
not  the  only  source  of  uric  acid.  In  birds  and  reptiles  this  is  not  the  case.  Be- 
tween 60  and  70  per  cent  of  the  total  nitrogen  of  the  urine  in  these  species  is 
eliminated  in  the  form  of  uric  acid,  and  it  is  obvious  that,  in  such  animals,  there 
must  be  sources  of  uric  acid  other  than  the  nucleic   acids.      Minkowski^-  has 
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made  a  special  study  of  this  problem  in  geese  and  has  shown  that  in  this  species 
uric  acid  can  be  synthesized  from  the  very  simple  compound  ammonium  sarco- 
lactate.  In  geese  with  extirpated  livers  uric  acid  almost  wholly  disappears  from 
the  urine,  its  place  being  taken  by  ammonia  and  sarco-lactic  acid.  After  Min- 
kowski's work  Kowalewski  and  Salaskin^-^  furnished  final  corroboration  of  his 
results  by  showing  that  if  blood  containing  ammonium  lactate  be  perfused 
through  an  isolated  goose  liver  it  is  changed  into  uric  acid.  The  nitrogen  of 
urea  and  of  various  amino  acids  has  also  been  shown  to  be  converted  into  uric 
acid  under  such  conditions. 

There  is  thus  a  two-fold  source  of  uric  acid  in  birds ;  viz.,  from  the  nucleic 
acids  and  from  purine-free  nitrogenous  compounds.  The  question  naturally 
arises  as  to  whether  there  may  be  such  a  two-fold  origin  of  uric  acid  in 
mammals. 

For  the  young  animal  this  question  is  easily  answered  in  the  affirmative. 
A  growing  animal  on  a  milk  diet,  for  instance,  receives  no  nuclein  or  other 
purine-containing  substance  in  the  food,  and  yet  eliminates  uric  acid  and  other 
purines  in  the  urine  and  synthesizes  a  large  amount  of  nuclear  material  for  the 
body  cells.  Hence,  such  an  animal  must  have  the  power  of  synthesis  of  purines 
from  nonpurine  materials.  In  the  case  of  adult  animals  the  question  is  not  so 
readily  answered.  The  food  here  constantly  contains  appreciable  quantities  of 
purines,  and  the  impression  has  prevailed  very  widely  that  these  food-purines 
constitute  the  sole  source  of  the  purine  bodies  catabolized  in  the  adult  mammal. 
At  least,  definite  proof  has  been  lacking  that  this  is  not  the  case,  since  the  in- 
gestion of  nonpurine  food  substances  of  widely  varying  structure  has  not  led 
to  any  specific  increase  in  the  uric  acid  eliminated.  We  shall  return  to  this 
question  later.  In  the  meantime  we  may  consider  some  of  the  factors  which 
appear  to  influence  uric  acid  formation,  especially  in  man. 

Burian  and  Schur^*  were  the  first  to  call  attention  to  the  fact  that  under 
ordinary  conditions  of  diet  there  must  be  a  double  source  of  uric  acid  in  the 
adult  mammal;  viz.,  the  nuclear  or  purine  material  ingested  in  the  food,  and  the 
nuclear  material  catabolized  by  the  body  from  its  own  tissues.  To  the  uric  acid 
formed  from  the  food  purines  Burian  and  Schur  gave  the  name  "exogenous" 
uric  acid,  indicating  its  outside  origin,  while  the  uric  acid  formed  from  the 
body's  own  store  of  nuclear  material  was  termed  "endogenous"  uric  acid.  In 
accordance  with  this  view  it  is  found  that  when  a  man  changes  from  an  or- 
dinary mixed  diet  to  one  which  contains  no  nuclear  or  purine  material  the  uric 
acid  eliminated  falls  markedly  in  amount  but  does  not  by  any  means  wholly  dis- 
appear. That  portion  which  does  disa[)pear  is  obviously  exogenous  in  origin  ; 
that  which  persists  is  endogenous. 

vStudics  on  exogenous  uric  acid  formation  have  been  carried  out  by  a  num- 
ber of  observers.  Burian  and  Schur,  Minkowski,  Krugcr  and  Schmid,  and 
more  recently  Mendel  and  Lyman,  in  an  interesting  and  extensive  investiga- 
tion, have  reported  valuable  observati(jns  upon  the  conversion  of  free  purine 
bases  into  uric  acid  in  man.  Mendel  and  Lyman^"'  found  that  about  ()0  per  cent 
of  ingested  hypoxanthin,  50  per  cent  of  xanthin.  19-30  i)er  cent  of  guanin  and 
30-37  per  cent  of  adenin  were  eliminated  as  uric  acid. 

Although  uric  acid  elimination  may  be  much  increased  after  the  ingestion 


I 


6  THE    JOURNAL   OF    LABORATORY   AND   CLINICAL   MEDICINE 

of  glandular  tissues,  such  as  thymus,  only  a  small  fraction  of  the  purine  nitrogen 
reappears  in  the  urine  as  uric  acid.  Givens  and  Hunter^"  have  recently  reported 
similar  results  following  ingestion  of  pure  sodium  nucleate,  ^^'hat  becomes  of 
the  balance  of  the  purine  nitrogen  in  these  experiments  is  unknown.  The  sug- 
gestion that  it  undergoes  bacterial  decomposition  in  the  intestinal  tract  is  not 
ver\-  satisfactory,  in  view  of  the  very  high  percentage  which  is  usually  lost. 

\\'e  may  summarize  the  findings  concerning  exogenous  uric  acid  by  say- 
ing that  it  seems  definitely  proven  that  purines,  ingested  either  as  free  base  or 
in  the  form  of  nucleic  acid,  are  at  least  partially  converted  into  uric  acid.  The 
possibility  that  the  purines  may  have  some  other  path  of  catabolism  than  through 
uric  acid  has  not  been  excluded. 

In  a  discussion  of  endogenous  uric  acid  I  am  reminded  of  a  statement  made 
by  Professor  Mendel  in  his  lecture  before  the  Harvey  Society  ten  years  ago 
upon  the  subject  of  uric  acid  formation.  In  summarizing  some  problems  for 
the  future  Professor  Mendel  said,  "We  assuredly  need  to  know  more  about  the 
origin  and  significance  of  endogenous  uric  acid."  It  is,  perhaps,  a  sad  com- 
mentary upon  progress  that  after  these  ten  years  it  seems  necessary  to  alter  Pro- 
fessor Mendel's  statement  and  say,  "W^e  want  assuredly  to  know  something 
about  the  origin  and  significance  of  endogenous  uric  acid."  The  subject  is  al- 
most chaos  and  we  have  neither  time  nor  inclination  to  enter  into  a  discussion 
of  the  conflicting  results  of  various  investigators.  There  are,  how^ever,  a  few 
facts  wdiich  may  bear  scrutiny.  The  lowest  possible  level  of  uric  acid  excre- 
tion seems  to  be  reached  upon  a  diet  very  poor  in  nitrogen  but  which  yields 
calories  enough  to  protect  most  of  the  body's  own  tissues.  Folin  called  atten- 
tion to  this  fact  some  ten  years  ago  and  it  has  recently  been  corroborated  in  an 
interesting  paper  by  Ringer  and  collaborators.  If  the  nitrogen  intake  be 
slightly  higher  than  the  minimum  level  obtained  with  a  starch  and  cream  diet, 
there  is  a  slightly  greater  output  of  uric  acid.  If  the  protein  intake  be  again 
raised  there  is  no  increase  in  the  uric  acid  output,  at  least  until  the  nitrogen  in- 
gested is  well  above  that  contained  in  our  ordinary  diets.  \\'ith  a  protein  intake 
of  30  or  40  grams  of  nitrogen  per  day  the  uric  acid  elimination  will  again  show^ 
a  marked  rise.  This  latter  point  is  shown  very  beautifully  in  a  recent  paper  by 
Taylor  and  Rose.^'  It  is  probable  that  the  extra  uric  acid  eliminated  in  such  an 
experiment  is  not  formed  from  the  protein  ingested  but  rather  represents  body 
nuclear  material  broken  down  under  the  influence  of  the  forced  protein  feed- 
ing, a  possibility  suggested  by  Taylor  and  others,  or  perhaps  the  excessive  ac- 
tivity of  the  digestive  glands  may  be  an  important  factor  in  such  cases. 

Concerning  the  organs  or  tissues  which  may  be  directly  responsible  for  the 
production  of  uric  acid,  very  little  can  be  said.  There  are  only  two  theories 
which  deserve  mention  in  this  connection.  One  of  these,  suggested  by  Burian, 
assumes  that  the  free  hypoxanthin  of  muscle  tissue  is  converted  into  uric  acid 
and  that  such  conversion  is  increased  by  muscular  work.  Burian's  experi- 
ments seem  to  support  this  view,  but  Siven^^  was  not  able  to  reach  definite  con- 
clusions as  a  result  of  his  work  in  this  connection.  This  latter  investigator 
found  that  uric  acid  elimination  was  higher  during  the  waking  hours  than  dur- 
mg  the  night  but  was  unable  to  demonstrate  an  effect  of  muscular  work.  In 
spite  of  a  recent  paper  by  Ringer^^^  and  his  coworkers  which  contains  a  single 
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experiment  supporting  Burian's  view,  we  must  conclude  that  at  present  nothing 
can  be  definitely  stated  concerning  a  possible  influence  of  muscular  work  upon 
uric  acid  elimination. 

The  view  that  glandular  activity,  especially  that  of  the  digestive  glands,  is 
responsible  for  the  formation  of  some  or  all  of  the  endogenous  uric  acid,  was 
proposed  many  years  ago  by  Mares  and  has  been  the  subject  of  much  work  and 
more  controversy.  Siven  has  opposed  the  theory,  while  Hopkins  and  Hope,-" 
Smetanka'-^  and  others  have  offered  evidence  in  its  favor.  Mendel  and  StehP^ 
recently  reported  further  experiments  which  favor  the  view  that  the  digestive 
glands  may  contribute  to  uric  acid  formation.  Their  results,  like  those  of 
Smetanka,  seem  to  show  a  definite  rise  m  uric  acid  elimination  following  an 
ingestion  of  purine-free  food  (protein  or  fat  plus  carbohydrate).  The  hourly 
variations  in  uric  acid  elimination  during  fasting  are  so  wide  in  the  work  re- 
ported by  Mendel  and  Stehl  that  one  must  be  cautious  in  drawing  conclusions 
from  their  experiments.  The  Folin-Shafl^er  method  for  uric  acid  determina- 
tions which  they  used  is  hardly  suitable  for  determining  hourly  uric  acid  elim- 
ination. A  repetition  of  their  work  employing  the  micro  method  of  analysis 
for  uric  acid  is  urgently  called  for.  Nevertheless,  we  may  say  tentatively  that 
the  balance  of  evidence  is  in  favor  of  the  view  that  the  digestive  glands  may 
contribute  to  uric  acid  formation. 

The  urine  of  practically  all  mammals  except  man  and  the  anthropoid  ape 
contains  an  oxidation  product  of  uric  acid,  allantoin,  in  considerable  quantity 
and  the  uric  acid  is  correspondingly  diminished,  or  almost  absent.  Furthermore, 
various  tissues  of  these  species  which  eliminate  large  amounts  of  allantoin  in 
the  urine  have  been  found  to  have  the  power  of  destroying  uric  acid  in  vitro 
with  a  corresponding  formation  of  allantoin.  The  tissues  of  man  and  the  higher 
apes  do  not  exhibit  this  power  of  uric  acid  destruction  and  only  minimal  traces 
of  allantoin  occur  in  the  urine  of  these  species.  Hence,  it  is  concluded  that 
'uric  acid  is  certainly  not  the  chief  end  product  of  purine  metabolism  in  any 
mammal  so  far  studied  except  man  and  his  first  cousin.  By  determining  the 
ratio  of  allantoin  nitrogen  to  uric  acid  nitrogen  plus  allantoin  nitrogen  in  the 
urine,  Hunter  and  Givens  have  calculated. what  they  call  the  "uricolytic  index." 
or  power  of  uric  acid  destruction  for  various  species.  This  index  shows  uric 
acid  destruction  varying  from  79  to  98  per  cent  in  widely  separated  species  of 
the  lower  mammals,  while  in  man  and  the  chimpanzee  the  index  would  be  ap- 
proximately zero. 

Schittenhelm  has  long  contended  that  man  possesses  quite  a  marked  power 
of  uric  acid  destruction  in  spite  of  the  fact  that  Wiechowski  has  been  able  to 
recover  in  the  urine  nearly  all  of  the  uric  acid  injected  subcutaneously  into  man 
and  in  spite  of  the  further  fact  that  no  power  of  destruction  of  Uric  acid  cati  ho 
demonstrated  in  human  tissues  postmortem.  While  the  evidence  which 
Schittenhelm  ofifers  in  favor  of  uric  acid  destruction  by  man  is  far  from  con- 
vincing and  has  been  recently  partly  refuted  in  a  paper  by  Fine.-''  it  is  also  true 
th-at  the  evidence  against  this  view  is  not  final.  It  has  been  found,  as  will  be 
mentioned  later,  that  certain  free  purine  bases  behave  differently  in  the  body 
from  the  same  purines  when  gi\en  in  coiubinatiim  in  nucleic  acid,  and  if  it 
should  be  shown  that  uric  acid  or  tlie  amino  ])uritics  may  go  to  other  products 
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than  allantoin.  then  Schittenhehn"s  view  may  have  a  certain  degree  of  plau- 
sibility. If.  for  instance,  uric  acid,  as  formed  in  the  organism  were  in  a  com- 
bination, it  is  possible  that  such  uric  acid  might  be  destroyed,  although  free  uric 
acid,  either  injected  subcutaneously  or  mixed  with  tissue  post  mortem,  might 
escape  such  destruction.  As  we  shall  see  later,  there  are  some  facts  which 
might  lend  support  to  these  suggestions. 

The  study  of  uric  acid  metabolism  has  been  much  hampered  by  the  fact 
that  no  animal  has  been  available  for  experimental  purposes  in  which  uric  acid 
is  an  end  product  of  metabolism  or  in  which  the  essential  features  of  human 
purine  metabolism  appear  to  be  duplicated.  It  is  therefore  of  interest  to  know 
that  recently  an  animal  has  been  found  which  appears  to  fulfill  these  condi- 
tions and  in  which  it  seems  probable  that  we  shall  find  some  of  the  missing  links 
between  the  purine  metabolism  of  man  and  other  mammals. 

The  animal  in  question  is  the  Dalmatian  breed  of  dog.  This  breed  is  com- 
monly known  as  the  coach  or  carriage  dog  and  is  characterized  by  its  spotted 
or  mottled  appearance.  A  specimen  of  this  breed  of  dog  encountered  in  the 
laboratory  a  little  over  a  year  ago  showed  a  very  peculiar  anomaly  of  uric  acid 
metabolism.  Simple  addition  of  hydrochloric  acid  to  the  urine  of  this  animal 
was  followed  by  the  immediate  formation  of  a  heavy  amorphous  precipitate. 
On  standing  a  short  time  this  precipitate  assumed  the  characteristic  form  of 
pigmented  uric  acid  crystals.  Isolation  and  analysis  of  the  purified  crystals 
showed  them  to  consist  of  uric  acid.  The  substance  has  repeatedly  been  iso- 
lated in  large  quantities  from  this  urine  and  analyzed.  An  examination  of  the 
urine  of  this  animal  showed  that  upon  a  purine-free  diet  it  was  eliminating  al- 
most as  much  uric  acid  per  day  as  would  an  average  sized  man  on  a  similar  diet, 
and  this  in  spite  of  the  fact  that  the  dog  weighs  only  about  ten  kilograms.  Fur- 
thermore, uric  acid  injected  under  the  skin  was  eliminated  quantitatively  as  such 
in  the  urine.  These  findings  are  the  more  noteworthy  because  the  ordinary 
dog  shows  a  destruction  of  from  98  to  100  per  cent  of  uric  acid  either  sub- 
cutaneously introduced  or  that  formed  in  metabolism.  It  was  at  first  supposed 
that  the  anomaly  of  purine  metabolism  existed  only  in  the  one  individual  but 
further  examination  has  shown  that  it  is  probably  a  peculiarity  of  the  breed  of 
Dalmatians.  We  have  examined  five  animals  more  or  less  pure  Dalmatians  and 
in  four  of  them  have  found  a  very  high  uric  acid  elimination.  The  one  ex- 
ception was  obviously  not  of  very  pure  breed. 

It  may  be  noted  in  passing  that  it  seems  difficult  to  find  any  analog}-  for 
the  perversion  of  purine  metabolism  in  the  Dalmatian.  Conditions  such  as 
cystmuria  or  pentosuria,  which  are  found  in  some  human  individuals,  would  be 
closest  to  it,  but  in  these  cases  the  peculiarity  is  individual  and  not  racial. 

In  connection  with  the  experiments  reported  upon  the  Dalmatian  dog,  I 
desire  to  express  my  indebtedness  to  Mr.  Emil  Osterberg  of  our  laboratory, 
whose  constant  and  most  efficient  help  has  been  invaluable. 

Table  No.  3  shows  the  general  metabolism  of  our  Dalmatian  as  represented 
by  the  urinary  findings  upon  purine-free  diets  with  varying  nitrogen  content. 
It  will  be  noted  that  the  uric  acid  output  is  not  increased  following  a  four- 
fold increase  in  the  nitrogen  content  of  the  food.     The  allantoin    (determined 
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by  Wiekowski's  method)    shows,  on  the  contrary,  a  disthict  rise  following  the 
increased  nitrogen  ingestion. 


Table  No. 

3. 

Total 

Creatinin 

Uric  Acid 

Ailantoin 

Remarks 

N. 

N. 

N. 

N 

grms. 

grms. 

grms. 

grms. 

4.8 

0.103 

0.123 

5.0 

0.106 

0.119 

0.057 

Diet   contains   5.9   grms. 

4.9 

0.103 

0.126 

0.064 

total  N. 

4.9 

0.105 

0.121 

0.061 

5.1 

0.104 

0.120 

0.051 

16.6 

0.106 

0.117 

0.037 

18.4 

0.110 

0.119 

0.107 

Diet  contains  24.07  grms. 

19.8 

0.109 

0.128 

0.103 

total  N. 

17.5 

0.111 

0.123 

0.102 

15.2 

0.104 

0.116 

0.083 

5.4 

0.104 

0.154 

0.073 

4.1 

0.100 

0.139 

Diet  contains  2.03  grms. 

3.4 

0.100 

0.139 

0.068 

total  N. 

3.0 

0.094 

0.141 

0.054 

2.8 

0.091 

0.139 

0.059 

2.7 

0.084 

0.140 

0.057 

For  a  period  of  nearly  a  year  the  animal  has  been  upon  a  purine-free  diet 
and  during  nearly  all  this  time  the  uric  acid  elimination  has  been  determined 
daily.  As  a  result  of  this  study  we  can  definitely  conclude  that  the  adult  mam- 
mal can  synthesize  purine  from  nonpurine  material.  During  the  period  of  ob- 
servation the  dog  maintained  a  constant  body  weight  and  eliminated  a  total  of 
more  than  100  grams  of  uric  acid.  Not  10  per  cent  of  this  quantity  of  uric  acid 
could  have  come  from  the  preformed  purine  of  the  animal's  tissues.  So  far  as 
I  am  aware,  this  experiment  is  the  first  which  definitely  shows  that  an  adult 
mammal  can  synthesize  the  purine  nucleus. 

The  influence  of  cafifein  ingestion  upon  uric  acid  elimination  is  a  question 
which  has  received  much  study.  A  number  of  investigators  have  failed  to  note 
any  increase  in  uric  acid  output  after  the  feeding  of  caffein  to  man.-^  Taylor-^ 
obtained  the  opposite  result  but  the  general  conclusion  has  been  that  cafl^ein 
ingestion  in  man  does  not  lead  to  increased  uric  acid  formation. 

Table  No.  4  records  two  experiments  upon  our  Dalmatian  to  determine  the 
effect  of  caffein  given  subcutaneously.  A  daily  dose  of  100  milligrams  of  the 
drug  is  followed  by  a  slight  decrease  in  the  uric  acid  output.  Although  the 
variation  is  not  marked,  we  have  obtained  it  in  each  of  three  similar  experi- 
ments. With  a  larger  dose  (200  milligrams  daily)  of  caft'ein  there  is  scarcely 
any  perceptible  effect  upon  the  uric  acid  output  but  there  is  a  ver}-  notable  re-, 
tention  of  nitrogen  during  this  period. 

In  Table  No.  5  is  recorded  an  experiment  to  study  the  effect  of  caft'ein  in- 
gestion upon  the  uric  acid  output  in  man.  Tlie  micro  method  of  analysis  was 
employed  for  the  uric  acid'deterniinaticjn,  a  method  which  we  have  found  to  be 
highly  accurate.  The  subject  was  placed  upon  a  purine-free  diet  which  was 
kept  approximately  constant  but   which   was  not   weighed.      During  tlie  prelim- 
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inary  period  five  cups  of  a  caft'ein-free  coffee  (Kafltee  Hag)  were  ingested  daily. 
During  the  caffein  period  the  diet  was  just  the  same  but  to  each  of  the  five  cups 
of  coflfee  taken  were  added  200  milligrams  of  caffein,  making  a  total  of  1  gram 
of  caffein  per  day.     The  uric  acid  figures  of  the  urine   showed  a  slight,  but 


Total 

N. 

grms. 


5.37 
5.65 
6.07 


5.52 
5.41 
5.23 


Uric  acid 

N. 


0.129 
0.126 
0.128 


0.125 
0.113 
0.116 


Table  No.  4. 


Allantoin 

N. 
grms. 


Remarks. 


0.213 


100  mgm.  caffein. 


0.192 


5.13 
5.20 
5.34 
5.31 


0.115 
0.128 
0.127 
0.128 


4.82 
4.80 
4.60 
4.22 
4.22 


4.51 
4.72 
4.90 
4.96 


0.136 
0.139 
0.127 
0.123 
0.128 


0.125 
0.124 
0.122 
0.127 


200  mgm.  caffein. 


((         (( 


definite  and  progressive  increase  during  the  caffein  period,  which  increase  was 
still  somewhat  apparent  for  two  days  after  the  caffein  intake  was  stopped.  This 
experiment  was  so  carefully  conducted  and  the  results  were  so  clear  cut,  that 
1  believe  we  are  justified  in  concluding  from  it  that  caffein  may  lead  to  increased 


Volume 
C.C. 


Total 
N 

srrms. 


Table  No.  5. 
subject  e.  0. 


Creatinin 
N 


Uric  acid 


grms. 


Remarks. 


1300 

12.60 

0.495 

0.540 

1290 

13.12 

0.486 

0.522 

1300 

13.74 

0.508 

0.540 

1240 

10.76 

0.504 

0.558 

1  grm.  caffein. 

1640 

10.42 

0.484 

0.564 

"■     " 

1210 

8.03 

0.519 

0.642 

u         « 

1080 

10.74 

0.531 

0.702 

«    <l            « 

1200 

9.05 

0.543 

0.636 

1100 

13.53 

0.531 

0.600 

1400 

12.51     . 

0.502 

0.546 

uric  acid  formation  in  man,  and  furthermore,  as  evidenced  in  Tables  Nos.  3  and 
4,  that  it  may  lead  to  some  nitrogen  retention.  Indeed,  on  the  basis  of  our  ex- 
periments, we  may  question  whether  caffein,  even  in  small  doses,  is  quite  so 
mnocuous  a  substance  as  has  been  assumed. 
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In  Table  No.  6  experiments  are  reported  showing-  the  effect  of  the  addi- 
tion of  nuclear  material  in  the  form  of  thymus  gland  to  the  diet  of  the  Dalma- 
tian. It  will  be  noted  that  after  the  thymus  ingestion  the  increase  in  the 
uric  acid  eliminated  is  not  nearly  so  great  as  the  increase  of  allantoin.  Thus, 
on  the  purine-free  diet  the  uric  acid  nitrogen  is  more  than  double  that  of 
the  allantoin.  while  after  the  thMnus  ingestion  the  increase  in  uric  acid  nitro- 
gen eliminated  is  only  about  one-half  the  increase  to  be  found  in  the  allantoin 
nitrogen.  These  results  might  be  taken  to  indicate  that  exogenous  nuclear  ma- 
terial undergoes  catabolism  along  different  line^  from  that  of  the  endogenous 
purine-containing  material.  The  question  involved  will  require  further  work- 
before  any  definite  conclusion  can  be  drawn.  This  is  especially  evident  when 
we  note  (as  shown  in  Table  No.  6)  that  the  uric  acid  administered  subcutane- 
ously  is  followed  by  a  marked  increase  in  the  allantoin  output,  and  this  in  spite 
of  the  fact  that  the  uric  acid  is  recovered  quantitatively  as  such  in  the  urine. 
It  seems  probable  that  uric  acid  and  allantoin  are  interrelated  in  metabolism 
in  other  wavs  than  have  b.een  heretofore  assumed. 


T. 

^BLK  No.  6. 

Total 

N. 

grms. 

Urea  + 

Ammonia 

N. 

grms. 

Uric 
Acid 

N. 
grms. 

Allantoin 

N. 
grms. 

Increase  in 

Uric  Acid 

X. 

grms. 

Increase  in 
Allantoin 
N. 
grms. 

Remarks. 

4.37 
4.54 
4.82 

3.86 
4.03 
4.36 

0.120 
0.125 
0.127 

0.050 
0.050 
0.050 

Normal   diet. 

6.48 
6.86 
7.30 

5.87 
6.15 
6.58 

0.177 
0.197 
0.200 

0.210 

0.210 

(1.210 

0.223 

0.480 

Same  diet  +  100  grms. 

thymus   daily  = 
0.32  grms.  purine  N. 

5.75 
5.54 
5.27 

5.27 
5.08 
4.84 

0.129 
0.132 
0.137 

0.058 
0.058 
0.058 

Normal  diet. 

5.18 
5.13 
5.00 

4.50 
4.47 
4.30 

0.290 
0.299 
0.305 

0.115 
0.142 
0.133 

Same  diet  4-  500  mgm. 
of    uric    acid    sub- 
cutaneously. 

5.02 

4.54 

0.124 

0.066 

A\'e  finally  turn  to  what  may  be  regarded  as  essentially  the  most  modern 
field  of  uric  acid  research.  I  refer  here  to  the  investigations  of  uric  acid  in 
blood.  This  field  of  work  will  be  irre\ocably  associated  with  the  name  of 
Otto  Folin.  For  many  years  Folin,  more  than  any  other  man  either  here  or 
abroad,  has  been  a  maker  of  high  grade  tools  for  the  biochemist.  In  methods  of 
uric  acid  research  he  has  recorded  another  notable  achievement.  Before  the 
Folin  method  was  available  it  was  questionable  whether  uric  acid  existed  at  all 
in  normal  human  blood  and  quantities  up  to  300  cubic  centimeters  were  nec- 
essary for  even  approximately  accurate  results  with  blotnls  known  lo  contain 
an  excess  of  uric  acid.  Now  w-e  are  able  lo  deUrmine  uric  acid  with  accuracy 
in  twenty  or  even  in  ten  cul)ic  centimeters  of  ncjrmal  human  IjIihkI.  The  method 
is  e(|ually  ai)i)licable  U)  the  blood  of  other  species. 

The  linding  of  uric  acid  in  ])alliolMgical  human  blood  dales  back  to  the  work 
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of  Garrod  in  1848.  With  a  truly  outrageously  inadequate  method  of  analysis 
this  brilliant  worker  was  able  to  obtain  results  of  permanent  value  and  to  dem- 
onstrate for  the  first  time  that  there  is  an  accumulation  of  uric  acid  in  the  blood 
of  gout  and  nephritis.  But  from  the  time  of  Garrod  until  the  introduction  of 
the  Folin  method  almost  no  progress  was  made  or  even  attempted  in  this  field 
of  work. 

The  recent  researches  on  uric  acid  in  blood  have  yielded  some  results  of 
interest  in  connection  with  lower  animals  as  well  as  in  man.  In  order  to  ap- 
preciate these  results  we  must  look  backward  for  a  moment.  A  hypothesis  to 
explain  gout,  based  upon  the  presence  of  two  forms  of  uric  acid  in  blood,  was 
put  forth  a  number  of  years  ago  and  the  questions  involved  here  have  re- 
ceived a  great  deal  of  attention  from  the  experimental  side  ever  since.  Pfeif- 
fer-"'  thought  that  he  had  obtained  proof  of  two  forms  of  uric  acid  in  urine  but 
his  work  was  shown  to  be  erroneous.  Kossel  and  Neumann,  Goto,-'  and  Min- 
kowski called  attention  to  the  fact  that  uric  acid  seems  to  form  a  compound 
with  thymic  acid  and  Minkowski  suggested  that  uric  acid  may  circulate  in  the 
body  in  this  form.  There  has  been  no  experimental  proof  that  this  is  the  case. 
One  interesting  observation  of  Minkowski's  has  been  interpreted  as  showing 
that  some  purines,  at  least,  are  catabolized  in  the  body  in  combination  and  not 
as  the  free  base.  Minkowski  found  that  when  free  guanin  was  given  to  dogs 
the  gastrointestinal  tract  showed  marked  inflammation  and  a  crystalline  de- 
posit of  what  he  thought  was  adenin  was  to  be  found  in  the  kidneys.  These  ef- 
fects did  not  follow  the  ingestion  of  adenin  in  the  form  of  nucleic  acid.  Sub- 
sequently, Nicolaier-*  showed  that  the  deposits  found  in  the  kidneys  after  adenin 
ingestion  consisted  of  di-oxy-adenin,  thus  showing  that  the  organism  may  ox- 
idize a  purine  before  splitting  ofif  the  NHo  group.  Such  observations  as  these, 
and  especially  the  more  recent  work  of  Bloch,-'-'  have  tended  to  show  that  uric 
acid  may  exist  in  the  organism  in  more  than  one  form,  but  positive  evidence  has 
been  lacking.  Through  use  of  the  recent  methods  of  blood  analysis  it  has  been 
shown  beyond  a  doubt  that  in  some  mammals,  at  least,  uric  acid  exists  in  the 
blood  chiefly  in  combination.  In  fresh  ox  blood,  for  instance,  using  the  Folin 
method  of  determination,  we  find  about  one-half  of  one  milligram  of  uric  acid 
in  100  grams  of  blood.  If,  however,  the  blood  filtrate  after  removal  of  pro- 
tein is  boiled  with  hydrochloric  acid  and  then  the  uric  acid  determined,  it  is 
found  that  the  quantity  present  is  more  than  1000  per  cent  of  the  figure  origi- 
nally obtained.  The  same  figure  is  ultimately  reached  if  the  whole  blood  is  sim- 
ply allowed  to  stand,  thus  indicating  that  an  enzyme  is  present  in  blood  which 
can  split  the  uric  acid  combination.  The  combined  form  of  uric  acid  is  con- 
tained wholly  in  the  corpuscles  of  the  ox  blood.  In  birds,  in  which  uric  acid 
IS  an  end  product,  the  blood  contains  none  of  the  combined  uric  acid  and  the 
free  uric  acid  present  is  almost  wholly  in  the  serum.  It  is  of  interest  to  note 
that  the  blood  of  the  ox,  an  animal  which  eliminates  almost  no  uric  acid  in  the 
urine,  contains  actually  50  per  cent  more  uric  acid  than  does  that  of  birds.  In 
the  ox  blood  it  is  combined  and  in  the  bird's  blood  it  is  free.  These  results  have 
been  received  with  considerable  skepticism  in  many  quarters,  but  since  the  uric 
acid  can  be  readily  quantitatively  isolated  as  such,  the  correctness  of  the  work 
is  not  open  to  question.^^     The  results  seem  to  show  that  it  is  probablv  form 
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rather  than  quantity  of  uric  acid  in  blood  which  is  of  importance.  These  find- 
ings have  been  extended  to  the  blood  of  other  species  and  the  results  have  shown 
that,  with  the  exception  of  man.  all  mammals  probably  have  two  forms  of  uric 
acid  in  the  blood.  In  the  case  of  human  blood  the  data  so  far  available  are  not 
conclusive.  It  is  quite  probable  that  here,  too,  uric  acid  exists  in  the  blood  in 
at  least  two  forms  but  they  are  quite  unlike  the  forms  present  in  ox  blood.  A 
new  technique  is  being  developed  to  study  this  question. 

The  clinical  findings  in  regard  to  uric  acid  in  human  blood  are  of  consider- 
able interest.  The  field  of  work  here  is  new  and  we  must  be  cautious  in  draw- 
ing conclusions.  The  recent  researches  of  Folin  and  his  pupils  in  Boston  and  of 
Myers  and  Fine  at  the  Post-Graduate  School  in  New  York  have  shown  that 
normal  human  blood  contains  from  one  to  three  milligrams  of  uric  acid  in  100 
grams  of  blood.  In  lead  poisoning,  in  gout,  and  in  nephritis,  the  uric  acid  con- 
tent of  the  blood  is  usually  markedly  increased  and  the  determination  of  uric 
acid  in  the  blood  of  suspected  gout  is  of  unquestioned  value. 

In  connection  with  gout  the  recent  researches  have  shown  that  the  old  idea 
that  in  this  condition  the  blood  becomes  "saturated"  with  uric  acid  must  be 
abandoned.  The  solubility  of  uric  acid  in  blood  serum  has  been  shown  to  be 
much  greater  than  the  concentration  of  uric  acid  occurring  in  the  blood  of  gout. 
Furthermore,  in  nephritis  the  uric  acid  content  of  the  blood  may  be  quite  as  high 
as  in  gout  for  long  periods  of  time  without  any  symptom  of  uric  acid  deposition 
occurring.  We  have  therefore  to  assume  that  in  gout  there  is  not  only  a  kidney 
deficiency  for  uric  acid  elimination  but  that  there  is  also  a  direct  vicarious  ex- 
cretion of  uric  acid  from  the  blood  stream  into  certain  tissues  where  it  finally 
reaches  the  saturation  point  and  deposits  in  the  form  of  sodium  acid  urate.  The 
view  of  Minkowski  and  others  that  the  uric  acid  circulates  in  gout  in  some  dif- 
ferent form  from  that  in  the  normal,  finds  some  support  from  the  results  al- 
ready referred  to  with  the  blood  of  lower  mammals.  It  is  my  opinion  that  this 
view  will  prove  to  be  the  correct  one. 

In  connection  with  the  use  of  salicylates  and  of  atophan  in  gout  it  is  of  in- 
terest to  note  that  Fine  and  others  have  shown  that  the  administration  of  either 
of  these  drugs  to  gouty  patients  is  followed  by  a  prompt  drop  in  the  uric  acid 
content  of  the  blood.  Frequently  this  drop  may  be  so  great  that  the  uric  acid 
practically  wholly  disappears  from  the  blood  for  a  time.  A\'ith  continued  ad- 
ministration of  either  drug,  however,  the  uric  acid  reaccumulates  in  the  blood. 
Hence  it  is  of  no  service  to  give  salicylates  or  atophan  continuously.  Whether 
by  alternating  these  two  drugs  for  a  period  of  a  week  or  two  with  each,  the 
blood  could  be  kept  relatively  free  from  uric  acid  continuously,  has  not  yet 
been  determined. 

Table  No.  7,  for  which  I  am  indebted  to  Professor  Myers  of  the  Post- 
Graduate  Hospital,  illustrates  the  findings  of  Myers  and  Fine  in  regard  to  the 
early  accumulation  of  uric  acid  in  the  blood  in  nephritis.  From  this  table  we 
should  infer  that  of  all  the  common  products  of  mctaliolism  uric  acid  is  the  first 
to  accumulate  in  the  blood  when  the  kidney  function  is  impaired.  Whether  uric 
acid  in  high  concentration  in  the  blood  is  per  sc  toxic  to  the  kidney  is  not  yet 
known.  The  frequency  with  which  gout  develops  into  nephritis  might  lend 
support  to  this  view.     Occasionally,  apparently  normal   indivichials  are  encoun- 
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tered  whose  blood  has  a  uric  acid  concentration  of  over  3  milHgrams  per  100 
grams  of  blood.  If  such  individuals  could  be  followed  for  some  years  we  would 
probably  obtain  data  of  value  as  to  the  possible  etiological  importance  of  uric 
acid  in  nephritis. 

Table  Xo.  7. 
uric  aciti.  iri  a  x.  ami  crkatixin  of  blood  in  gout  and  early  and  late  nephritis. 


Diacnosis. 


Tjpical  Cases 
of  Gout. 


Typical  Earh- 
Interstitial 
Nephritis. 


Chronic  Diffuse 

and 

Chronic  Interstitial 

Xephritis. 


Typical  Fatal 

Chronic  Interstitial 

Xephritis. 


Uric 

Urea 

Creat- 

Systolic 

Acid. 

X. 

inin. 

Biood 

Mgms 

to  100  c.c.  blood. 

Pressure. 

9.5 

13 

1.1 

230 

8.4 

12 

2.2 

164 

7.2 

17 

2.4 

200 

6.8 

14 
25 

1.7 

2.5 

9.5 

185 

8.0 

37 

2.7 

150 

5.0 

37 

3.9 

130 

7.1 

16 

2.0 

6.6 

24 

3.3 

185 

6.3 

18 

2.1 

8.7 

20 

3.6 

100 

7.0 

33 

2.6 

117 

6.3 

31 

2.1 

6.3 

23 
80 

2.4 

4.8 

150 

8.0 

240 

4.9 

17 

2.9 

170 

8.3 

72 

3.2 

238 

5.3 

21 

1.9 

145 

9.5 

44 

3.5 

210 

2.5 

19 

1.9 

120 

7.7 

67 

3.1 

6.7 

17 

1.6 

165 

8.3 

39 

2.9 

6.5 

24 
236 

3.0 

200 

22.4 

16.7 

210 

15.0 

240 

20.5 

225 

14.3 

263 

22.2 

220 

13.0 

90 

11.1 

265 

8.7 

144 

11.0 

225 

Myers  and  Fine:     Arch.  Int.  Med.,  1916. 
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POISONOUS  PROTEINS^ 

(^Continued  from  page  861,   Vol.  I.) 


By  Victor  C.  Vaughan,  M.D.,  Ann  Arbor,  Mich. 


Part  III.— Protein  Fever 

IT  has  been  known  for  a  long  time  that  the  parenteral  introduction  of  proteins 
in  the  animal  body  may  be  followed  by  fever.  As  early  as  1883  Roques  col- 
lected the  literature  of  this  subject  and  reported  his  own  experimental  studies. 
A  few  years  later  Gamaleia  made  a  most  important  contribution  to  this  sub- 
ject. The  title  of  this  paper  is  significant  and  reads  as  follows :  "The  De- 
struction of  Bacteria  in  the  Febrile  Organism."  Gamaleia  found  that  fever  fol- 
lows the  parenteral  introduction  of  bacterial  protein,  both  pathogenic  and  non- 
pathogenic, both  living  and  dead,  consequently  he  concluded  that  fever  is  a  re- 
sult not  directly  of  bacterial  growth,  but  of  bacterial  destruction  in  the  body. 
Indeed,  he  observed  that  attenuated  bacteria  often  induce  a  higher  and  more 
persistent  fever  than  the  virulent  forms.  When  a  rabbit  is  inoculated  with  a 
virulent  anthrax  bacillus  fever  develops  but  persists  only  a  few  hours,  and  then 
the  temperature  falls  below  the  normal  and  death  occurs.  On  the  other  hand, 
when  the  second  vaccine  is  used  on  a  fresh  animal,  fever  appears  and  continues 
for  three  days.  When  a  highly  virulent  anthrax  bacillus  is  employed  there  may 
be  no  fever  and  death  follows  within  six  or  seven  hours.  Gamaleia  made  similar 
observations  in  other  infections  and  came  to  the  following  conclusion :  "Fever 
is  not  a  result  of  bacterial  growth,  but  on  the  contrary  is  consequent  upon  a  re- 
action on  the  part  of  the  body  against  the  bacteria  and  leads  to  their  destruc- 
tion." Furthermore  he  found  that  nonpathogenic  bacteria,  living  or  dead,  lead 
to  the  development  of  fever.  I  think  that  these  experiments,  made  more  than 
a  quarter  of  a  century  ago,  furnish  strong  support  of  my  theory  that  fever  is 
due  to  the  parenteral  destruction  of  proteins.  One  year  later  this  work  was 
confirmed  by  Charrin  and  Ruffer  and  was  shown  to  hold  good  for  nonbacterial 
proteins  as  well.  In  1890  Buchner  induced  the  characteristic  phenomena  of  in- 
flammation— calor,   rubor,  tumor,   and  dolor^by  the  subcutaneous   injection  of 
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diverse  bacterial  proteins.  Krehl  and  Matthes  induced  fever  by  the  parenteral 
administration  of  albumoses  and  peptones,  but  did  not  obtani  constant  and  uni- 
form results,  because  as  we  now  know  they  did  not  recognize  the  necessity  of 
regulating  the  size  and  frequency  of  the  doses.  In  1909  my  students  and  I 
showed  that  by  regulating  the  amount  and  frequency  of  the  dosage  we  could  in- 
duce any  desired  form  of  fever,  acute,  fatal,  intermittent,  remittent  or  con- 
tinued. 

Inasmuch  as  I  have  given  elsewhere*  the  details  of  this  work  I  will  only 
reproduce  the  conclusions  and  make  a  few  general  remarks :  ( 1 )  Large  doses 
of  unbroken  protein  administered  intra-abdominally,  subcutaneously  or  intra- 
venously have  no  effect  on  temperature,  at  least  do  not  cause  fever.  (2)  Small 
doses,  especially  when  repeated,  cause  fever,  the  forms  of  which  may  be  varied 
at  will  by  changing  the  size  and  frequency  of  the  dosage.  (3)  The  effect  of 
protein  injections  on  the  temperature  is  more  prompt  and  marked  in  sensitized 
than  in  fresh  animals.  (4)  The  intravenous  injection  of  laked  blood  corpuscles 
from  either  man  or  the  rabbit  causes  in  the  latter  even  in  small  quantity,  either 
in  single  or  repeated  doses,  prompt  and  marked  elevation  of  temperature.  (5) 
Laked  corpuscles  after  removal  of  the  stroma  by  filtration  have  a  like  effect. 
(6)  Protein  fever  can  be  continued  for  weeks  by  repeated  injections,  giving  a 
curve  which  cannot  be  distinguished  from  that  of  typhoid  fever.  (7)  Protein 
fever  is  accompanied  by  increased  nitrogen  elimination  and  gradual  wasting. 
(8)  Protein  fever  includes  most  instances  of  clinical  fever.  (9)  Animals  killed 
by  experimentally  induced  fever  may  die  at  the  height  of  the  fever,  but  as  a  rule 
the  temperature  falls  rapidly  before  death.  (10)  Fever  induced  by  repeated 
injections  of  bacterial  proteins  and  ending  in  recovery  may  be  followed  by  im- 
munity. (11)  The  serum  of  animals  in  which  protein  fever  has  been  induced 
digests  the  homologous  protein  in  vitro.  In  view  of  recent  work  on  antifer- 
ment  in  blood  serum  this  point  needs  reinvestigation.  (12)  Fever  is  one  of  the 
results  of  the  parenteral  digestion  of  proteins.  (13)  There  are  two  kinds  of 
parenteral  proteolytic  enzymes,  one  specific  and  the  other  nonspecific.  (14) 
The  production  or  activation  of  the  nonspecific  ferment  is  easily  and  quickly 
stimulated.  (15)  The  development  of  the  specific  ferment  requires  a  longer 
time.  (16)  Sensitization  and  lytic  immunity  are  different  manifestations  of 
the  same  process.  (17)  Foreign  proteins,  living  or  dead,  formed  or  in  solution, 
when  introduced  into  the  blood  soon  diffuse  through  the  tissues  and  sensitize 
the  cells.  Different  proteins  have  predilection  places  in  which  they  are  deposited 
and  where  they  are,  in  large  part  at  least,  digested,  thus  giving  rise  to  the  char- 
acteristic symptoms  and  lesions  of  the  different  diseases.  (18)  The  subnormal 
temperature  which  may  occur  in  the  course  of  a  fever  or  at  its  termination  is 
due  to  the  rapid  liberation  of  the  protein  poison,  which  in  small  doses  causes 
an  elevation,  and  in  larger  doses  a  depression  of  temperature.  (19)  Fever 
per  se  must  be  regarded  as  a  beneficent  phenomenon  inasmuch  as  it  results  from 
a  process  inaugurated  by  the  body  cells  for  the  purpose  of  ridding  the  body  of 
foreign  substances.  (20)  The  evident  sources  of  excessive  heat  production  in 
fever  are  the  following:  (a)  That  arising  from  the  unusual  activity  of  the 
cells  supplying  the  enzyme;     (b)     That  arising  from  the  cleavage  of  the  foreign 

•Protein   Split  Products  in   Relation  to  Immunity  and   Disease,   Lea   &  Fel>iger,    1913. 
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protein;     (c)     That  arising  from  the  destructive  reaction  between  the  split  prod- 
victs  from  the  foreign  protein  and  the  proteins  of  the  body. 

The  above  are  the  conclusions  which  I  drew  three  years  ago  from  experi- 
ments which  my  students  and  I  had  carried  out  and  from  a  study  of  the  litera- 
ture of  the  subject.  I  did  not  suppose  at  the  time,  nor  do  I  hold  now,  that  all 
these  conclusions  are  exactly  right. 

The  fundamental  fact  that  the  parenteral  introduction  of  proteins  may  in- 
duce fever  is  founded  upon  so  many  independent  observations,  some  of  them 
recorded  many  years  ago,  that  I  do  not  think  it  incumbent  upon  me  to  seek  ad- 
ditional support.  Friedberger  has,  in  a  most  exact  way,  confirmed  the  statement 
that  large  doses  of  foreign  protein  do  not,  while  small  doses  do  elevate  the  tem- 
perature. Moreover,  he  has  shown  that  a  small  dose  is  more  efifective  in  sensi- 
tized than  in  unsensitized  animals. 

Thiele  and  Embleton  have  confirmed  experimentally  the  proposition  that  the 
parenteral  introduction  of  foreign  proteins  affects  the  temperature,  causing  a 
rise  or  fall  or  having  no  effect  according  to  the  size  of  the  dose.  They  give  the 
following  tables : 

Egg-White. 

normal  animal  sensitized 

Limits  of  grams  grams 

Temperature   fall    0.05  0.005 

Constant  temperature    0.02  0.0002  to  0.0001 

Temperature  rise    0.01  to  0.001  0.0001  to  0.000002 

Tubercle  Emulsion. 

normal  animal  sensitized 
Limits  of                                                                                      grams  grams 

Temperature  fall  0.005  to  0.002  0.0005 

Constant  temperature    0.002  to  0.001  0.0001 

Temperature  rise    0.001  to  0.00001  0.00001  to  0.000001 

Criticism  of  the  statement  that  foreign  proteins  find  certain  predilection 
tissues  in  which  they  accumulate  has  been  made.  Iodine  accumulates  in  the  thy- 
roid gland.  Mercury  induces  characteristic  lesions  in  the  kidneys.  Strychnia 
selects  a  definite  portion  of  the  nervous  tissue  on  which  its  action  is  made  mani- 
fest. The  therapeutic  eff'ects  of  the  most  approved  drugs  depends  upon  their 
predilection  for  certain  tissues.  The  recent  studies  of  Rosenow  indicate  that 
bacterial  proteins  do  not  differ  from  other  poisons  in  this  respect.  We  are  ac- 
customed to  think  of  chemotaxis  as  acting  only  between  morphologically  recog- 
nizable bodies,  but  in  reality  it  is  a  form  of  chemism  and  is  dependent  upon 
chemical  composition  and  not  on  histological  structure. 

The  only  one  of  the  above  given  statements  formulated  some  years  ago 
which  has  met  with  any  experimental  negation  is  my  contention  that  specific 
proteases  are  develoi)ed  by  the  parenteral  introduction  of  foreign  proteins.  I 
am  ready  to  admit  that  Friedbcrger's  anaphylatoxin  comes  from  the  serum.  In 
fact  at  the  same  lime  that  1  formulated  the  propositit)n  concerning  protein  fever 
I  wrote  as  follows:  "It  has  been  suggested:  (a)  That  the  agar  or  kaolin  or 
bacteria  absorb  the  complement  from  the  serum  and  that  this  renders  it  poison- 
ous, (b)  'J'hat  the  poison  is  prcfornu'd  in  the  serum,  but  that  its  action  is  neu- 
tralized by  some  oilier  constitueiil   of  the  serum   which   is  aljsorbed   In'  Ihe  agar 


18  THE    JOURNAL   OF    LABORATORY   AND   CLINICAL   MEDICINE 

or  kaolin,  (c)  That  the  absorption  of  some  constituent  of  the  sernm  by  the 
ao-ar.  kaohn  or  bacteria  leads  to  a  disturbance  of  the  equilibrium  of  the  protein 
constituents  of  the  serum  which  as  a  consequence  break  up  with  the  liberation 
of  the  poison.  These  suggestions  assume  that  the  poison  comes  from  the  serum 
and  this  may  be  true."  On  another  page  I  said :  "That  the  anaphylatoxin  comes 
from  the  blood  serum,  the  one  constant  factor  in  all  the  experiments  in  its  pro- 
duction, is  most  probable."  Now  since  the  probability  has  become  a  certainty, 
we  need  not  conclude  that  specific  proteases  never  result  from  the  parenteral 
introduction  of  proteins.  I  have  shown  that  all  proteins,  including  those  of 
blood  serum,  contain  a  poison  and  I  am  not  at  all  surprised  on  learning  that 
such  a  poison  in  the  serum  is  set  free  in  the  production  of  Friedberger's  ana- 
phylatoxin and  in  the  development  of  Abderhalden's  pregnancy  test,  but  these 
have  nothing  to  do  with  the  development  of  proteases  in  smallpox  or  typhoid 
fever.     At  least  no  such  connection  has  been  shown. 

THE   PHENOMENA   OE   INFECTION. 

I  have  elsewhere  gone  into  some  detail  concerning  the  views  of  the  nature 
of  infection  which  I  have  developed  in  my  studies  on  the  chemistry  and  toxi- 
cology of  bacterial  and  other  proteins.  Only  a  living  thing-  can  infect.  Injection 
of  diphtheria  or  tetanus  toxin  may  cause  all  the  symptoms  and  lesions  of  the  re- 
spective diseases,  but  such  injections  are  artificial  procedures  and  the  results  are 
intoxications  rather  than  infections.  In  this  paper  I  shall  omit  diseases  due  to 
toxins.  The  infecting  agent  is  a  virus  and  in  infections  there  is  a  contest  be- 
tween the  invader  and  the  native.  It  is  a  struggle  for  food,  growth,  and  repro- 
duction. In  the  bacterial  diseases  the  structure  or  the  equipment  of  the  invader 
is  quite  as  complicated  and  as  complete  as  that  of  the  defender.  The  contest 
is  between  bacterial  and  body  cells  and  the  battlefield  may  involve  only  a  small 
part  or  may  extend  to  every  part  of  the  animal's  body. 

What  is  the  difference  between  pathogenic  and  nonpathogenic  bacteria?  In 
order  for  a  given  bacterium  to  be  pathogenic  to  a  given  animal  it  must  be  pos- 
sible for  the  former  to  feed  upon  the  latter.  All  living  things  feed  by  means  of 
digestive  ferments.  Continued  life  and  multiplication  are  impossible  under  other 
conditions.  First,  in  order  for  a  given  bacterial  to  infect  a  given  animal  the 
ferments  of  the  former  must  be  able  to  digest  the  proteins  of  the  animal.  In  the 
second  place  the  invading  cells  must  not  be  immediately  destroyed  by  the  fer- 
ments elaborated  by  the  body  cells.  There  must  be  a  supporting  relation  be- 
tween the  bacterial  cell  and  the  medium,  and  in  infection  the  body  constitutes 
the  medium  in  which  the  bacteria  grow  and  multiply.  The  protein  groups  split 
from  the  medium  must  fit  into  the  molecular  structure  of  the  bacterial  cell; 
otherwise  they  would  be  of  no  service  to  it.  Many  kinds  of  cells  may  live 
in  the  same  medium,  but  for  each  kind  the  cleavage  of  the  medium  must  be 
specific.  From  this  it  follows  that  the  agent  by  which  the  cleavage  products 
are  secured  must  be  supplied  by  the  cell  and  must  be  specific  to  it. 

It  follows  from  what  has  been  said  that  a  bacterium  placed  in  a  medium 
in  which  its  ferment  is  ineffective  cannot  grow  and  multiply.  A  bacterium 
which  cannot  grow  and  multiply  in  the  animal  body  cannot  cause  an  infection. 
Its  inability  to  grow  and  multiply  in  the  animal  body  may  be  due  to  the  fact  that 
its  ferments  cannot  digest  or  properly  break  up  the  proteins  of  the  animal  body. 
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This  is  one  of  the  reasons  why  the  great  majority  of  bacteria  are  harmless  or 
nonpathogenic.  This,  however,  is  not  the  sole,  and  probably  not  the  dominant 
cause  of  the  failure  of  so  many  species  of  bacteria  to  do  harm  to  the  higher 
animals.  What  has  been  said  about  the  production  and  utilization  of  ferments 
by  the  bacterial  cell  is  equally  true  of  the  body  cell.  In  fact,  it  is  true  of  every 
living  cell.  The  body  cell  has  its  specific  ferments,  and  the  bacterial  cell  be- 
ing protein  substance  is  liable  to  be  digested  by  the  ferments  elaborated  by  the 
body  cells.  In  these  simple  facts  lies  the  fundamental  explanation  of  all  forms 
of  bacterial  immunity,  either  natural  or  acquired.  It  will  be  understood  that  I 
am  here  omitting  all  reference  to  the  elaboration  of  toxins  and  antitoxins. 

Ferments  are  intra-  and  extra-cellular.  All  are  formed  within  the  cell,  but 
some  diffuse  into  the  medium  while  others  do  not.  In  some  instances  at  least, 
cell  permeation  by  the  pabulum  is  essential  to  the  feeding  of  the  cell.  In  other 
cases  the  ferment  accumulates  on  the  surface  where  digestion  proceeds.  In 
others  the  ferment  diffuses  into  the  medium  more  or  less  widely  from  the  cell 
which  produces  it.  Many  cells  produce  both  intra-  and  extra-cellular  ferments, 
and  these  differ  in  function. 

I  am  not  going  into  detail  concerning  cellular  ferments.  Those  of  the 
bacterial  cells  are  easily  obtained  and  have  been  studied  quite  elaborately.  Some 
digest  proteins,  such  as  gelatine,  quickly  while  others  are  less  prompt  and  others 
still  have  no  recognizable  effect  on  this  protein.  They  are  easily  affected  by  the 
presence  of  certain  nonprotein  substances,  especially  carbohydrates.  The  fer- 
ments of  the  body  cells  are  not  so  easily  obtained  and  are  more  difficult  of  study. 
However,  both  the  intra-  and  extra-cellular  ferments  of  the  polymorphonuclear 
corpuscles  have  been  studied  in  som.e  detail  and  their  destructive  action  on  cer- 
tain bacteria  has  been  demonstrated.  The  germicidal  action  of  the  blood  and 
its  serum  has  been  demonstrated  on  various  species  of  bacteria. 

It  may  be  well  to  point  out  some  differences  between  intra-  and  extra-cellu- 
lar ferments.  The  latter  are  comparable  to  the  enzymes  of  the  alimentary  canal. 
Their  function  is  solely  a  lytic  one.  They  break  up  complex  proteins  into  simpler 
bodies,  but  these  without  further  treatment  are  not  ready  to  be  built  into  the  cel- 
lular structure.  The  extra-cellular  ferments  are  in  a  general  way  destructive 
in  action.  The  intra-cellular  ferments  are  essentially  constructive.  They  shape 
the  rough  blocks  and  fit  them  into  the  molecular  structure.  In  the  process  of  in- 
fection the  intra-cellular  ferments  of  the  bacterial  cells  are  most  active.  The 
.soluble,  simple  proteins  of  the  fluids  of  the  animal's  body  arc  quickly  built  into 
the  bacterial  cell  and  growth  and  multiplication  result.  Body  proteins  are  con- 
verted into  bacterial  proteins.  This  process  proceeds  so  smoothly  that  as  a  rule 
during  the  time  when  its  development  is  most  rapid  the  host  is  quite  unaware  of 
the  presence  of  his  undesired  guest.  Whole  molecules  of  albumins  and  globulins 
are  taken  into  the  bacteria  and  built  into  the  more  complicated  bacterial  cell. 
This  is  the  peridd  of  incubatinn  in  an  infection.  The  body  cells  are  not  pre- 
pared to  combat  the  inxadcr  during  this  period.  Finally  the  body  cells  react 
and  begin  the  elaboration  of  ferments  which  destroy  the  bacterial  proteins.  This 
is  quite  a  different  process.  Complex,  cellular  proteins  are  split  into  simpler  ones 
and  protein  poisons  are  set  free. 

During  the  period  of  incubation  of  an  infectious  disease,  the  infecting  or- 
ganism supplies  the  ferment,  tlie  simple,  solublt'  pioteins  of  the  body   lluids  con- 
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stitute  the  substrate,  the  process  is  essentially  constructive,  no  poison  is  set 
free  and  there  are  no  recognizable  clinical  symptoms.  During  the  active  prog- 
ress of  an  infectious  disease,  the  body  cells  supply  the  ferment,  the  complex,  bac- 
terial, cellular  proteins  constitute  the  substrate,  the  process  is  essentially  de- 
structive, the  protein  poison  is  set  free,  the  symptoms  of  disease  appear,  lesions 
more  or  less  destructive  develop  and  life  is  placed  in  jeopardy. 

The  experienced  clinician  will  easily  understand  that  in  most  infectious 
diseases  the  steps  in  the  evolution  of  the  processes  are  not  so  clearly  defined  as 
indicated  in  the  above  statements.  They  are  most  typical  in  uncomplicated  cases 
of  yellow  fever,  typhoid  and  typhus  and  in  smallpox,  but  even  in  these  there 
often  are  complicating  factors.  In  yellow  fever  an  attempt  is  made  to  eliminate 
the  poison  into  the  alimentary  canal  as  is  evidenced  by  black  vomit.  In  typhoid 
the  poison  in  being  excreted  into  the  intestine  may  lead  to  perforation.  In  most 
infections,  the  bacterial  growth  and  their  disruption  overlap.  In  one  part  of  the 
body  the  bacteria  continue  to  grow  while  in  other  parts  they  are  being  destroyed. 
In  pneumonia  life  may  be  endangered  by  the  abundance  and  extent  of  the  exu- 
date, while  in  the  crisis  of  this  disease  autolysis  probably  plays  an  important  role 
not  only  in  the  destruction  of  the  organisms,  but  in  the  removal  of  the  exudate. 
In  many  infections  lesions  develop  and  impair  the  efficiency  of  the  body  cells. 
Moreover  in  destructive  lesions  the  dead  tissues  of  the  body  must  be  disposed 
of  and  this  throws  an  increased  burden  on  the  body  cells.  In  some  diseases 
phagocytosis  plays  an  important  role.  It  must  be  evident  that  the  engulf ment 
of  bacteria  by  phagocytes  is  a  more  conservative  method  of  disposing  of  the 
invading  cells  than  their  extra-cellular  destruction,  since  in  the  former  the  body 
is  protected  against  the  poison  liberated  by  bacterial  cleavage.  Nothing  more 
dangerous  to  the  infected  individual  could  happen  than  the  sudden  cleavage  of 
all  the  bacteria  in  his  body.  The  poison  liberated  in  this  process  would  over- 
whelm him  at  once.  This  is  a  probable  explanation  of  the  fact,  already  re- 
ferred to,  that  the  case  mortality  in  typhus  fever  is  higher  among  the  well  nour- 
ished than  among  the  less  robust.  Bacterial  cells,  as  well  as  body  cells,  have 
means  of  protecting  themselves.  The  tubercle  bacillus  through  limitless  gen- 
erations of  parasitism  has  developed  coatings  of  fats  and  waxes  which  protect 
them  against  the  action  of  secretions  of  body  cells  quite  as  efficiently  as  coats 
of  mail  protected  our  ancestors  against  the  weapons  of  their  time.  Moreover, 
bacterial  cells  may  develop  increased  resistance  or  become  to  some  extent  im- 
mune to  the  action  of  body  cell  secretions.  Occasionally  bacteria  persist  in  the 
body  for  long  periods  after  recovery  from  the  disease  and  when  these  are  trans- 
ferred to  new  hosts  they  show  that  they  have  lost  nothing  in  virulence.  Fre- 
quently, secondar}'  infections  develop  and  decide  the  fate  of  the  individual.  As 
someone  has  said  the  pyogenic  micro-organisms  frequently  play  the  last  act  in 
the  great  tragedies  of  life,  tuberculosis,  cancer,  and  syphilis. 

A  CHEMICO-BIOLOGIC   CONCEPT   OF   THE   PROTEIN    MOLECULE. 

Under  this  heading  I  wish  to  formulate  certain  theories  which  have  de- 
veloped in  my  mind  during  the  progress  of  the  work  which  I  have  outlined  in 
preceding  lectures.  Some  men  seem  able  to  work  without  developing  theories 
and  probably  this  is  best,  but  I  have  never  worked  in  that  way.  It  is  possibly 
a  fault;  if  it  be,  I  am  ready  to  confess  that  I  have  sinned  and  continue  in  the 
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same  old  way.  I  hope  that  some  of  the  statements  which  1  am  about  to  make 
will  stimulate  others  to  investigate  and  this  I  deem  of  more  importance  than 
their  truth  or  falsity. 

The  protein  poison  about  which  all  my  work  has  centered  is  a  fact.  It  has 
been  prepared  and  studied  by  so  many  competent  men  that  its  wide  distribution 
in  proteins  from  diverse  sources  cannot  be  questioned.  Its  effects  on  animals 
have  been  widely  tested  and  the  general  conclusions  reached  are  quite  as  uniform 
as  those  which  might  be  formulated  about  poisons  much  longer  known.  Its 
chemical  structure  has  not  been  determined  with  certainty.  The  best  evidence 
at  hand  today  seems  to  indicate  that  it  is  not  a  basic  body,  and  therefore  not 
a  protein  alkaloid,  not  a  leucomain  or  a  ptomain.  It  contains  no  phosphorus 
and  no  carbohydrate.  In  the  purest  form  in  which  it  has  been  obtained  it 
yields  a  trace  of  ash  of  which  phosphorus  and  chlorine  are  not  essential  con- 
stituents. Whether  this  mineral  matter  is  an  essential  part  of  the  poison  or 
not  I  do  not  know.  Under  any  condition  in  which  it  has  been  obtained  it  is 
decidedly  acid  in  character  and  yields  amino  acids  on  disruption.  It  seems  to 
be  a  polypeptid. 

Underbill,  whose  opinion  I  esteem  highly,  concludes  that  the  action  of  the 
protein  poison  on  animals  is  similar  in  kind  but  more  intense  than  that  of  pro- 
teoses. I  dare  say  that  this  is  quite  right  and  it  conforms  with  my  own  ob- 
servations. I  suggested  in  the  Shattuch  lectures  in  1906  that  the  protein  poison 
is  the  chemical  nucleus,  keystone,  or  archon  of  larger  and  more  complicated 
protein  molecules. 

The  chemism  of  the  protein  poison  is  intense  and  it  combines  with  various 
inorganic  and  organic  substances  to  form  more  complex  molecules,  still  retain- 
ing and  imparting  to  these  larger  molecules  its  protein  characteristics.  Com- 
bined with  phosphate  of  lime  it  forms  such  phosphoglobulins,  so  called,  as  casein. 
Combined  with  carbohydrate  it  develops  the  glycoproteins  and  in  combination 
with  both  phosphorus  and  carbohydrates,  the  glyco-nucleo-proteins  result.  In 
the  last  mentioned  bodies  the  protein  molecule  reaches  its  most  complex  form 
and  further  development  is  possible  only  by  polymerization  and  the  aggregation 
of  many  protein  molecules  into  cells.  At  what  stage  in  the  evolution  of  the 
protein  molecule  metabolism  begins  I  cannot  say,  but  it  is  quite  evident  that  mul- 
tiplication does  not  begin  until  the  most  complex  structure  has  been  reached.  It 
seems  quite  evident  that  from  the  beginning  the  process  is  a  synthetical  one. 

It  is  possible  to  conceive  of  the  beginning  of  life  on  the  earth,  as  proceeding 
in  this  way.  In  the  intense  heat  of  past  geological  ages  when  even  carbon  ex- 
isted in  the  gaseous  state  this  element  combined  with  nitrogen  forming  cyano- 
gen. With  this  binary  compound  under  proper  conditions  the  synthesis  of  the 
simplest  amino  acid  was  possible  for  cyanogen  may  react  with  boiling  hydroiodic 
acid  with  the  development  of  amino  acetic  acid  and  from  this  the  other  amino 
acids  found  in  the  protein  molecule  might  have  been  developed.  In  this  view, 
proteins  in  their  simplest  form  may  have  come  into  existence  long  before  life 
as  we  now  know  it  was  possible  on  the  earth. 

The  simplest  protein,  as  the  protein  poison,  has  its  intense  chemism  satis- 
fied as  it  combines  with  other  elemental  groups  in  the  development  of  the  more 
complex  bodies. 
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I  began  my  work  with  the  hope  of  finding  simple  proteins  in  the  cellular 
structures  of  bacteria.  In  this  I  was  disappointed  and  I  now  see  that  I  should 
not  have  expected  it.  Instead  of  finding  simple  proteins  in  bacterial  cells  I  have 
found  them  in  the  casein  of  milk  and  in  the  proteoses  of  seeds.  As  I  have 
already  said  the  young  mammalian  is  fed  upon  food  principles  served  in  the 
simplest  form.  The  nursing  child  is  supplied  with  fats  as  such,  wdth  mineral 
constituents  for  the  most  part  uncombined,  with  carbohydrates  in  the  easily 
assimilable  form  of  lactose  and  with  amino  acids  in  the  relatively  simple  protein, 
casein.  The  sprouting  seed  finds  the  amino  acids  with  which  it  starts  life  in  the 
relatively  simple  proteins  wdiile  fats  and  carbohydrates  are  supplied  in  a  ready- 
made  form.  Now  if  this  provision  be  made  for  the  support  of  the  developing 
plant  and  animal,  what  can  be  said  about  the  food  supplied  the  numerous  cells 
of  the  body,  whether  it  be  plant  or  animal.  Simple  proteins  exist  in  the  circu- 
lating blood  of  the  higher  animals.  Not  only  is  this  true  but  as  Van  Slyke  and 
his  coworkers  have  shown  the  body  cells  directly  use  amino  acids.  The  simple 
proteins  probably  exist  in  the  circulating  blood  chiefly  in  that  protein  mixture 
about  which  w^e  know  but  little  and  which  we  designate  as  serum  globulin.  In 
this  mixture  the  primitive  proteins  are  ready  to  enter  into  combination  with  the 
more  complex  cellular  proteins  as  the  latter  wear  away  in  their  functional  ac- 
tivities. Their  chemism  is  held  in  abeyance  by  combination  wath  some  indiffer- 
ent substances,  such  as  calcium.  I  have  found  that  the  protein  poison  from 
casein  is  neutralized  in  vitro  by  calcium  lactate.  Indeed  the  protein  poison  is 
largely,  but  not  so  quickly,  neutralized  by  incubation  with  sodium  bicarbonate. 
In  this  connection  it  may  be  well  to  recall  the  effect  of  the  withdrawal  of  cal- 
cium on  the  coagulation  of  blood  and  that  after  severe  poisoning  w^ith  the  pro- 
tein body  the  clotting  of  the  blood  is  retarded  and  often  wholly  prevented.  If 
my  idea  that  the  circulating  blood  at  all  times  contains  the  protein  poison  from 
the  too  violent  chemism  of  which  the  body  is  normally  protected  by  its  combina- 
tion with  an  inert  body,  it  will  not  be  difficult  to  understand  that  the  ecjuilibrium 
may  be  disturbed  in  a  variety  of  ways  with  death  as  a  result.  The  introduction 
of  a  little  more  of  the  poison  or  the  removal  of  the  protecting  body  may  seriously 
upset  the  equilibrium.  Casein  yields  about  ninety  per  cent  of  its  weight  in 
protein  poison.  The  calcium  is  easily  removed  from  casein.  An  ash-free  casein 
may  be  prepared  by  repeated  solution  in  dilute  ammonia  and  reprecipitation  with 
dilute  acid.  The  last  trace  of  calcium  is  removed  by  treatment  with  oxalic  acid. 
The  protein  poison  from  casein  resembles  the  globulins  inasmuch  as  it  may  be 
wholly  precipitated  from  aqueous  solution  by  saturation  with  sodium  chloride, 
but  differs  from  globulins  inasmuch  as  it  is  freely  soluble  in  absolute  alcohol. 

Blood  is  rendered  poisonous  not  only  by  incubation  with  bacteria,  agar, 
starch,  kaolin,  etc.,  but  as  was  shown  by  Kohler  as  long  ago  as  1877,  it  becomes 
poisonous  on  clotting,  killing  both  homologous  and  heterologous  animals.  This 
phenomenon  which  has  been  confirmed  by  others  has  recently  been  investigated 
by  Moldovan  who  has  shown  that  blood  freshly  defibrinated  by  shaking  with 
glass  beads  causes  acute  death  when  injected  intravenously  into  guinea  pigs  and 
rabbits.  In  the  former  the  typical  anaphylactic  lung  picture  is  seen  after  death. 
When  the  dose  is  slightly  sublethal  there  is  marked  fall  in  temperature  with 
subsequent  fever.    When  the  doses  are  smaller  there  is  marked  fever.     On  stand- 
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ing  from  fifteen  to  forty-five  minutes  defibrinated  blood  loses  its  toxicity.  Serum 
obtained  by  rapid  centrifugation  of  defibrinated  blood  is  poisonous.  The  same 
is  true  of  the  deposited  and  once  washed  corpuscles.  When  coagulation  is  de- 
layed by  the  presence  of  sodium  citrate  neither  the  supernatant  fluid  nor  the 
corpuscles  are  poisonous,  but  both  become  so  when  coagulation  is  induced  by 
shaking  with  porcelain  beads.  Doerr  has  shown  that  blood  received  in  paraffined 
vessels  becomes  poisonous ;  but  when  the  coagulation  is  complete  the  toxicity  dis- 
appears. When  coagulation  is  made  to  proceed  slowly  by  the  addition  of  hirudin 
solution  or  a  0.7  per  cent  solution  of  colloidal  silicic  acid,  it  retains  its  toxicity 
for  several  hovirs. 

The  fact  that  extracts  of  normal  tissue,  when  injected  intravenously,  are 
poisonous  is  another  interesting  fact.  If  the  lungs  of  a  rabbit  be  macerated  for 
two  hours  in  salt  solution,  the  solution  kills  promptly  on  mtravenous  injection. 
Homologous  organ  extracts  are  more  poisonous  than  heterologous. 

All  these  phenomena  show  that  there  is  under  normal  conditions  a  nice  ad- 
justment in  the  constituents  of  blood  and  tissue  whereby  life  is  protected  and 
that  slight  changes  easily  disturb  this  equilibrium  with  most  disastrous  results. 
There  are  here  unsolved  problems  but  my  work  leads  me  to  the  conclusions  that 
there  are  protein  bodies  in  the  blood  and  tissue,  which  serve  under  normal  con- 
ditions as  cell  foods,  but  which  may  become  explosively  poisonous  when  the 
mechanism  regulating  their  use  is  disturbed.  Normal  cells  contain  deposits  of 
these  bodies,  which  under  proper  regulation,  supply  cell  waste,  but  under  ab- 
normal conditions  lead  to  cell  destruction.  These  substances  were  probably 
present  in  my  bacterial  cells,  but  I  washed  them  out  and  threw  them  away  leav- 
ing only  the  cellular  proteins.  However,  time  and  labor  will  solve  these  prob- 
lems and  I  turn  to  another  phase  of  my  subject. 

If  I  properly  interpret  my  work  on  the  chemistry  of  bacterial  proteins  it 
confirms  the  theoretical  views  of  Pfliiger,  Ehrlich,  and  Verworn,  who  have  held 
that  the  essential  part  of  cells  consists  of  a  chemical  unity,  made  up  of  giant 
molecules.  So  far  as  I  can  find  this  view^  receives  additional  support  in  the  ex- 
perimental work  done  by  others.  I  have  been  able  to  find  but  little  upon  this 
subject.  Reinke  and  Rodewald  found  that  air  dried  substance  of  aethylium 
septicum,  which  they  designate  as  plasmodium,  consists  largely  of  highly  com- 
plex proteins  containing  phosphorus  and  yielding  xanthine  bases  and  carbohy- 
drates on  disruption.  Sosnowski  concludes  from  his  study  of  infusorial  cellular 
substance  that  this  does  not  contain  simple  proteins  as  such,  but  as  constituents 
of  highly  complex  molecules.  My  studies  have  led  me  to  formulate  a  theory 
concerning  the  nature  and  operation  of  living  matter.  My  first  attempt  in  this 
direction  was  made  in  a  lecture  delivered  in  Toronto  (1905).  and  this  was  elabo- 
rated in  a  Shattuck  lecture  (1906).  The  cell  is  not  the  unit  of  life;  life  is 
molecular.  Life  is  function,  not  form.  The  cell  is  not  only  made  up  of  protein 
molecules,  but  its  form  and  function  are  determined  by  the  chemical  structure 
of  its  constituent  molecules.  The  lines  along  which  the  spore,  seed  or  ovum  de- 
velop arc  determined  by  the  chemical  structure  of  its  proteins.  Growth  in  other 
directions  is  impossible,  and  this  accounts  for  stability  in  reproduction.  How- 
ever, changes  in  the  chemical  structure  may  and  do  occur  and  in  these  lies  the 
basis  of  variation. 
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The  keystone  or  archon  of  the  protein  molecule  is  the  protein  poison.  It 
is  common  to  all  protein  molecules.  Physiologically  it  is  the  same  in  all  mole- 
cules, i.  e..  when  set  free  it  is  a  poison  and  it  is  a  poison  on  account  of  its  intense 
chemism  which  enables  it  to  tear  off  groups  from  other  proteins.  One  protein 
differs  from  another  in  its  secondary  and  tertiary  groups.  Most  native  proteins 
are  not  poisonous  because  in  them  the  chemism  of  the  primary  group  is  satis- 
fied by  combination  with  secondary  groups.  Strip  off  the  secondary  groups  and 
the  primary  becomes  poisonous  on  account  of  the  avidity  with  which  they  com- 
bine with  the  secondary  groups  of  other  molecules.  Biological  relationship  be- 
tween proteins  depends  upon  the  secondary  groups.  In  this  way  varieties  and 
species  have  developed. 

The  living  molecule  is  never  in  a  state  of  equilibrium.  There  is  a  constant 
exchange  of  atoms  between  it  and  the  outside  world.  It  absorbs,  assimilates 
and  eliminates.  It  is  constantly  trading  in  energy.  It  takes  in  oxygen  and  gives 
off  carbonic  acid ;  it  takes  in  nitrogenous  material  and  having  utilized  it  the  waste 
is  discarded.  The  living  molecule  passes  through  the  period  of  growth  and  decay. 
During  the  former  its  functions  are  largely  synthetic ;  in  the  latter  they  are  auto- 
lytic  and  finally  the  structure  drops  into  pieces. 

(Concluded.) 


A  STUDY  OF  THE  TESTS  OF  LIVER  FUNCTION* 


By  Curtis  S.  Foster,  M.D..  and  Max  Kahn,  M.D.,  Ph.D., 
Pittsburgh,  Pa, 


JN  order  to  study  the  functional  activity  of  an  organ,  it  has  been  customary 
to  apply  certain  specific  tests  to  the  individual  functions  of  that  organ.  Thus 
if  an  organ  has  several  functions,  tests  are  applied  to  one  of  these  functions,  and 
conclusions  are  drawn  therefrom  as  to  the  capability  of  the  organ  to  perform 
all  of  its  offices.  This  has  been  especially  the  case  in  the  investigation  of  the 
condition  of  the  liver. 

The  liver  has  a  multiplicity  of  duties  to  perform  in  the  body,  all  of  which  are 
of  essential  importance.  It  is  possible  that  each  individual  cell  of  the  hepatic 
structure  takes  part  in  all  of  the  liver  functions ;  it  is  also  possible  that  different 
portions  of  the  liver  lobule,  and  different  conglomerations  of  the  liver  lobules 
may  have  specific  functions.  In  the  former  case,  it  is  most  likely  that  a  reduction 
in  the  ability  of  the  liver  to  perform  one  function  will  be  accompanied  by  a  pro- 
portional reduction  in  all  the  liver  functions ;  in  the  latter  case,  one  or  more 
functions  of  the  liver  may  be  disturbed  without  affecting  the  other  hepatic  func- 
tions. 

In  order  to  appreciate  the  various  methods  for  determining  the  liver  func- 
tions, it  is  best  to  enumerate  the  different  functions  of  the  liver : 

1.  Secretion  of  bile. 

2.  Relation  to  carbohydrate  metabolism. 

a.     Glycogen  formation. 

3.  Relation  to  nitrogen  metabolism. 

a.     Formation  of  urea. 

4.  Detoxification  function. 

a.  Formation  of  the  conjugate  sulfates  and  glycuronates. 

b.  Withholding  of  toxins  and  poisons. 

5.  The  decomposition  of  the  er}^throcytes. 

6.  The  formation  of  fibrinogen. 

7.  The  formation  of  antithrombin. 

The  methods  for  the  study  of  the  liver  functions  are  several.  These  tests 
can  be  classified  in  the  following  way : 

1.  A  study  of  the  carbohydrate  tolerance  of  the  liver;  this  will  include  the 
tests  of  general  carbohydrate  metabolism;  tests  of  tolerance  for  special  carbo- 
hydrates, for  example,  Bauer's  galactose  test,  Strauss's  levulose  test,  etc. 

2.  A  study  of  the  nitrogen  excretion  in  the  urine,  including  the  urea,  amino, 
and  ammonia  nitrogen  fractions. 

3.  The  urobilinogen  excretion  in  the  urine,  which  von  jaksch.  in  1802.  con- 
sidered significant  of  liver  disease. 

4.  Analysis  of  the  librinogen  of  the  blood,   which   was   found   lo  disappear 
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from  the   blood   after  liver   extirpation    (Doyon   and   Kareff,    Nolf,    Corin   and 
Ansiaux,  etc.). 

5.  A  study  of  lipase  and  fibrinolytic  ferments  of  the  blood  (Whipple,  Mason 
and  Peightal,  Goodpasture). 

6.  The  phenol  tetrachlorphthalein  test  (Rowntree,  Hurwitz  and  Bloom- 
field;  Kahn  and  Johnston;  McLester  and  Frazier). 

1.  Carbohydrate  tests  of  hepatic  function. 

a.  Bauer  tested  the  liver  function  by  administering  to  the  patient  30  grams 
of  galactose.  The  urine  is  then  analyzed  for  galactose.  If  present  the  liver  is 
not  functionating  properly. 

b.  Strauss  used  another  carbohydrate — levulose — for  this  test.  He  ad- 
ministered 100  gms.  of  this  substance  per  os  and  then  analyzed  the  urine  for 
levulose  by  Salmanofif's  reaction. 

2.  Study  of  the  nitrogen  metabolism. 

It  is  well  known  that  the  liver  plays  an  important  role  in  the  protein  metabol- 
ism of  the  animal  organism.  Disturbances  of  liver  function  will  induce  devia- 
tion from  the  normal  of  the  nitrogen  metabolism.  Rowntree,  Marshall  and 
Chesney  have  found  a  low  percentage  of  urea  and  a  high  percentage  of  amino 
acids  and  ammonia  in  the  urine  of  patients  suffering  from  hepatic  involvement. 
It  is  known  that  in  eclampsia,  with  liver  necrosis,  there  is  always  a  high  ammonia 
coefficient. 

3.  Study  of  the  urobilinogen  excretion. 

Von  Jaksch  thought  that  the  presence  of  urobilinogen  in  the  urine  was  in- 
dicative of  hepatic  disease.  The  studies  of  Wilbur  and  Addis  have  definitely 
demonstrated  that  such  is  not  the  case.  The  urobilinogen  is  tested  for  by  Ehr- 
lich's  para-dimethyl-amino-benzaldehyde. 

4.  The  determination  of  the  fibrinogen  content  of  the  blood  (Whipple) 
and  of  the  fibrino  ferment  of  the  blood  (Goodpasture)  were  found  to  be  valuable 
by  Rowntree,  Marshall  and  Chesney. 

5.  The  determination  of  the  lipase  of  the  bloody  as  recommended  by  Loev- 
enhart,  has  not  proved  of  any  distinct  value. 

6.  The  phenoltetrachlorphthalcin  test. 

In  1909,  Abel  and  Rowntree  conducted  pharmacological  experiments  on 
animals  with  phenoltetrachlorphthalcin,  which  was  synthetized  by  Professor  Orn- 
dorff,  of  Cornell  University.  They  found  that  this  substance,  when  injected 
intravenously,  was  excreted  in  the  bile.  At  the  suggestion  of  Rowntree,  Whip- 
ple, Mason,  and  Peightal  studied  the  excretion  of  this  substance  in  the  bile  when 
the  liver  was  subjected  to  artificial  lesions.  These  authors  found  that  in  dogs 
which  had  been  poisoned  by  phosphorus,  for  example,  the  excretion  of  the 
phthalein  was  interfered  with.  It  was  then  that  Rowntree,  Marshall  and  Ches- 
ney applied  the  tests  clinically  and  obtained  rather  encouraging  results. 
The  phenoltetrachlorphthalcin  test  is  applied  in  the  following  manner: 
The  dye  is  to  be  prepared  for  use  each  time.  One  gram  of  the  substance 
is  placed  in  a  200  c.c.  Erlenmeyer  flask,  with  2  c.c.  of  2  N  sodium  hydroxide 
solution  and  18  c.c.  of  freshly  distilled  water.  This  is  boiled  for  twenty  minutes 
under  a  reflux  condenser.  The  solution  is  filtered  into  a  100  c.c.  flask,  and  is 
ready  for  use.     This  gives  approximately  a  five  per  cent  solution,  which  is  al- 


A    STUDY   OF   THE    TESTS    OF    LIVER    FUNCTION'  27 

most  isotonic  with  blood.  The  solution  is  of  an  intense  purplish  color ;  it  will 
not  keep  for  more  than  a  few  days.  Arbitrarily  8  c.c.  of  this  solution,  approxi- 
mately 400  mgm.,  of  the  phthalein  has  been  selected.  This  amount  is  sufficient 
to  give  a  most  intense  purplish-red  color  to  twenty  liters  of  water.  Its  admin- 
istration in  health  is  never  followed  by  the  appearance  of  the  dye  in  urine,  and 
this  amount  insures  in  health  an  intense  color  in  the  final  preparation  of  the 
feces,  which  is  vised  for  the  quantitative  determination.  The  dye  is  administered 
intravenously  by  gravity  with  antiseptic  and  aseptic  precautions  and  with  the 
usual  intravenous  technic.  The  funnel  and  system  are  filled  wnth  freshly  dis- 
tilled water,  and  after  the  flow  is  well  established  the  phthalein  solution  is  added. 
Fifty  to  100  c.c.  of  water  are  used  and  the  phthalein  solution  is  washed  in  with 
freshly  distilled  water  until  the  fluid  entering  the  veins  is  colorless.  Ten  to  fif- 
teen minutes  are  required  for  its  administration.  Physiological  salt  solution  may 
be  preferable  to  distilled  water  for  use  in  this  injection. 

Active  purgation  is  instituted  prior  to  the  administration  of  the  dye,  and 
throughout  the  time  of  observation,  usually  by  means  of  compound  cathartic  pills. 
The  stools  are  collected  for  forty-eight  hours,  the  urine  for  twenty-four  hours. 
In  the  event  of  little  or  no  feces  being  obtained,  enemata  are  used,  but  unless 
a  normal  amount  of  dye  is  recovered  the  test  must  be  discarded,  since  low 
findings  under  this  condition  could  not  be  accepted. 

The  total  forty-eight  hour  feces  are  placed  in  a  two  liter  bottle  and  diluted 
with  water  to  one  or  1.5  liter,  depending  on  their  amount.  This  is  placed  in  a 
shaking  machine  for  from  five  to  twenty  minutes.  Without  allowing  time 
for  sedimentation,  one-tenth  of  the  total  is  placed  in  a  one  liter  flask  and  to  this 
is  added  5  c.c.  of  forty  per  cent  sodium  hydroxide,  which  causes  the  mixture  to 
take  on  a  very  red  color.  Dilution  is  made  with  water  to  one  liter.  A  stopper  is 
inserted  and  the  mixture  thoroughly  shaken.  One  hundred  c.c.  of  this  prepara- 
tion is  placed  in  a  200  c.c.  flask,  5  c.c.  of  lead  acetate  added,  resulting  in  a  dis- 
coloration of  the  mixture  and  a  throwing  out  a  heavy  lead  precipitate  which 
carries  down  all  the  pigments,  leaving  a  clear  colorless  supernatant  fluid.  Five 
c.c.  of  forty  per  cent  sodium  hydroxide  are  added;  this  again  elicits  the  red 
phthalein  color,  but  does  not  redissolve  the  other  lead  pigment  combination.  In 
certain  instances  5  c.c.  of  sodium  hydroxide  at  this  point  are  not  sufficient  to 
elicit  the  maximum  intensity  of  red,  and  more  should  be  added  until  maximum 
intensity  is  reached,  but  not  sufficient  to  free  the  other  pigments  from  their  in- 
soluble lead  combinations.  The  contents  of  the  flask  are  made  up  to  200  c.c, 
shaken,  and,  a  small  part  filtered  ofi^,  or  the  solution  is  allowed  to  stand  for  h\e 
minutes,  when  in  many  cases  a  clear  red,  supernatant  fluid  ready  for  estimation 
can  be  decanted.  This  solution  is  compared  in  a  Rowntree  and  Gcraghty  modi- 
fication of  the  Autcnrcilh  and  Koningsberger  colorimeter  with  20  mgm.  to  a 
liter  solution  of  the  disodium  salt  of  tetrachlorphenolphthalein  (o.  g.,  0.4  c.c.  of 
original  solution  to  one  liter,  plus  sufficient  sodium  hydroxide  to  insure  maximum 
color).  With  these  dilutions  the  amount  of  dye  present  is  indicated  directly  in 
percentages. 

When  the  amount  recovered  is  below  normal,  it  is  advisable  to  adil  2  lo  3 
c.c.  more  alkali  to  the  200  c.c.  preparation,  and  redetermine,  thus  insuring  that 
the  maximum  color  has  been  elicited.     The  ;iddilion  of  large  ((n;uitities  of  akla- 
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lies  is  undesirable,  since  it  sets  free  the  other  pigments,  rendering  the  solution 
yellowish-red  instead  of  purplish-red.  Not  more  than  ten  minutes  are  required 
to  carry  out  this  test  after  the  feces  are  removed  from  the  shaker.  Where  dif- 
ficulty is  experienced  on  account  of  the  quality  of  the  color,  the  following  pro- 
cedure mav  prove  of  some  value  in  certain  instances:  After  the  addition  of 
about  10  c.c.  of  forty  per  cent  sodium  hydroxide,  the  feces  are  made  up  with 
water  to  one  liter.  To  one-tenth  of  this  is  added  five  c.c.  sodium  hydroxide  and 
water  up  to  one  liter.  Of  this  100  c.c.  are  placed  in  a  200  c.c.  flask  and  to  it  are 
added  5  to  10  c.c.  or  more  of  calcium  chloride  mixture  until  the  best  quality  of 
color  is  elicited.  Dilution  is  made  to  200  c.c.  the  mixture  is  allowed  to  stand 
from  one-half  to  twenty-four  hours,  and  a  small  amount  of  the  supernatant  fluid 
is  filtered  off  and  read  against  the  standard. 

7.     A  study  of  suifo-conjugation  as  influenced  by  liver  diseases. 

The  cause  and  the  location  of  the  formation  of  the  ethereal  sulfates  and  of 
indican  has  been  studied  by  a  number  of  investigators. 

Since  Stadeler  found  phenol  in  cow's  and  horse's  urine,  Landolt,  Lieben, 
Hoppe-Seyler,  Buliginsky  and  Munk  found  traces  of  it  in  normal  human  urine, 
and  Salkowski  observed  that  in  ileus  and  other  obstructive  intestinal  disease,  the 
excretion  of  phenol  in  the  urine  is  much  increased. 

This  formation  of  phenol  and  phenolic  substances,  cresol,  indol,  skatol,  etc., 
has  been  ascribed  to  the  action  of  the  intestinal  bacterial  flora.  Such  organisms 
like  the  B.  coli  communis,  wdiich  is  a  normal  inhabitant  of  the  intestinal  canal,  are 
harmless  under  normal  circumstances.  In  conditions  of  injury  to  the  intestinal 
mucosa,  these  organisms  become  virulent  (Fermi  and  Salto).  Other  organisms, 
like  the  B.  Putrificus,  B.  serogenes  capsulatus.  which  are  obligatory  anaerobes 
thrive  in  the  colon  where  there  is  no  oxygen  (Herter),  and  break  up  protein  into 
the  carbocyclic,  toxic  substances. 

It  was  demonstrated  by  Baumann  that  these  split  products  are  very  toxic, 
but  that  when  they  are  united  w^ith  sulfuric  acid,  they  have  lost  their  poisonous 
effect. 

Baumann  found  that  phenol  sulfate  is  a  normal  urinary  constituent  and  that 
the  administration  of  phenol  increases  the  phenol  sulfate  in  the  urine. 

Baumann  and  Herter  reported  that  not  only  phenol,  but  also  other  sub- 
stances were  excreted  in  the  urine  as  ethereal  sulfates.  They  also  observed  that 
phenol  unites  not  only  with  sulfuric  acid  but  with  other  radicals.  This  was  con- 
firmed by  Schmiedeberg,  who  found  that  phenol  unites  with  glycuronic  acid. 

Upon  poisoning  dogs  with  phenol,  he  found  that  the  liver  became  rich  in 
phenol  sulfates.  For  example  in  100  parts  of  liver  he  found  19  times  as  much 
tribrom  phenol  as  in  100  parts  of  blood.  This  phenomenon  seemed  to  prove  that 
the  liver  is  the  seat  of  conjugation  of  the  phenolic  and  indolic  radicals  with  sul- 
furic acid. 

Lang  determined  the  quantity  of  ethereal  sulfates  in  the  urine  of  geese  be- 
fore and  after  extirpation  of  the  liver.  His  figures  are  rather  small,  and  should 
not  be  taken  conclusively,  but  he  was  led  to  believe  that  the  synthesis  of  the 
ethereal  sulfates  was  not  exclusively  performed  in  the  liver. 

In  experiments,  performed  in  vitro,  Kochs  also  demonstrated,  so  it  appeared 
to  him.   that  the  liver  was  not   the   only   seat   of   sulfo-conjugation.     He   took 
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liver,  kidney,  pancreas,  thymus,  muscle,  and  minced  each  organ  respectively, 
and  added  phenol  and  disodium  sulfate.  He  kept  these  mixtures  at  body  tem- 
perature or  else  at  8°  to  12°  C.  He  reported  that  all  the  tissues,  save  the  thymus^ 
took  part  in  the  synthesis.  He  obtained  similar  results  with  ortho-,  meta-,  and 
para-di-oxy-phenol. 

Landi  repeated  the  experiments  of  Kochs,  using  only  the  liver  tissue.  But, 
as  he  says,  due  to  the  fact  that  decomposition  sets  in  so  very  soon,  he  could 
not  confirm  Kochs'  findings.  In  order  to  throw  more  light  on  the  subject,  he 
made  perfusion  experiments  with  the  liver,  and  he  came  to  the  final  conclusion 
that  the  seat  of  conjugation  of  the  phenolic  and  sulfuric  radicals  was  not  the 
liver  but  the  intestines. 

The  results  of  L,andi  are  directly  negated  by  the  findings  of  Embden  and 
Glaessner.  They  performed  perfusion  experiments  ou  the  organs  of  dogs,  using 
the  liver,  muscle,  kidneys,  lungs  and  small  intestine.  From  their  investigations 
they  conclude  that  the  liver  is  the  most  important  organ  for  the  formation  of 
the  ethereal  sulfates.  Smaller  quantities  of  ethereal  sulfates  are  produced  in  the 
lungs  and  the  kidneys,  but  the  muscle  tissue  and  the  small  intestine  play  a  very 
insignificant  role  in  the  formation  of  the  ethereal  sulfates. 

Reale,  from  his  observations,  was  of  the  firm  opinion  that  the  liver  was  the 
seat  of  the  synthesis  of  the  ethereal  sulfates. 

Finizio  confirmed  Reale  from  his  clinical  findings.  In  normal  individuals 
and  in  a  case  of  echinococcus  hepatic  cyst,  he  found  that  the  administration  of 
thymol  caused  an  increased  excretion  of  ethereal  sulfates  in  the  urine.  When, 
however,  he  administered  thymol  to  a  patient  suffering  from  hepatic  cirrhosis, 
he  found  no  increase  of  the  ethereal  sulfates  in  the  urine. 

In  normal  conditions  of  the  alimentary  tract,  Strauss  and  Philipsohn  found 
no  phenol  in  the  urine,  and  they  concluded  that  under  normal  conditions,  the 
phenol  and  other  radicals  were  conjugated  with  sulfuric  acid.  According  to 
these  authors,  the  liver  is  the  seat  of  the  synthesis  of  the  ethereal  sulfates. 

Herter  and  Wakeman  took  7  gms.  of  liver,  kidney,  muscle,  brain,  and  blood 
respectively,  which  were  minced,  and  treated  each  tissue  with  10  c.c.  of  a  weak 
phenol  solution,  and  allowed  to  stand  for  two  to  three  hours.  The  mixtures 
were  then  distilled,  and  they  found  that  there  was  a  loss  in  the  phenol  distilled 
over.  The  liver  retained  most  of  the  phenol,  then  came  in  order  the  kidneys, 
muscle,  brain. 

In  conditions  of  jaundice,  Biernacki  found  four  times  as  much  ethereal  sul- 
fates as  normally.  Darenberg  and  Perroy  found  an  increased  excretion  of  indol 
and  skatol  in  jaundiced  individuals.  Labbe  and  Vitry  obtained  similar  results. 
Magrageas  obtained  varying  quantities  of  ethereal  sulfates  in  icteric  patients. 

Amann  found  that  in  the  healthy  subject  there  is  a  direct  proportion  between 
the  quantities  of  ethereal  sulfates  and  the  total  nitrogen  in  the  urine.  The 
coefficient  of  Amann  may  be  thus  expressed. 
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N.  Urine 
The  value  of  this  coefficient  varies  between   1.4  and   1.5.     This  was  con- 
firmed by  Guerbet  and  Rouen.     Slightly  smaller  coefficients  were  obtained  by 
Magrageas. 
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The  question  has  been  discussed  by  Eiger  and  Hopadze  whether  the  aro- 
matic compounds  formed  in  the  system  are  diminished  in  amount  and  destroyed 
under  normal  conditions  of  hepatic  activity,  and  whether,  in  cases  of  disturbance 
of  the  function  of  the  hver,  these  compounds  are  obviously  increased  and  placed 
at  the  disposal  of  the  liver  for  conjugation  with  sulfuric  acid.  The  subject  is 
more  important  in  its  relation  to  cases  of  disease  of  the  hepatic  parenchyma  than 
to  simply  biliary  stasis.  The  ethereal  sulfuric  acids  are  most  frequently,  both 
absolutely  and  relatively,  increased  in  atrophic  cirrhosis  of  the  liver,  and  most 
markedly  in  tumors  of  the  liver. 

In  normal  urine  14  to  25  per  cent  of  the  total  sulfur  is  present  as  the  so- 
called  neutral  sulfur.  The  easily  oxidizable  portion  of  this  must  arise  from  the 
sulfocyanate  of  the  saliva,  and  from  other  partly  unknown  substances,  while  the 
remainder  is  regarded — in  part,  at  least — as  a  derivative  of  the  taurin  of  the  bile 
(Lepine).  This  latter  bears,  in  the  nomenclature  of  the  French  physiologists, 
the  name  "biliary  sulfur  of  the  urine." 

Lepine  found,  in  incipient  cases  of  obstructive  jaundice  in  animals  and  in 
man,  the  biliary  sulfur  absolutely  and  relatively  increased  as  regards  the  oxidized 
sulfur  (up  to  30  to  43  per  cent  of  the  total  sulfur).  After  a  few  days  of  the 
biliary  obstruction,  the  sulfur  became  approximately  normal,  and  after  long 
continuance  of  the  disturbance  showed  a  decrease. 

Regarding  the  fate  of  taurin  and  the  origin  of  the  neutral  sulfur  in  the 
body,  the  with  difficulty  oxidizable  neutral  sulfur  cannot  yet  be  regarded  as  the 
amount  of  formed,  absorbed,  and  decomposed  taurocholic  acid.  For  instance, 
it  has  been  shown  that  both  components  of  the  neutral  sulfur  vary  within  the 
widest  limits  in  spite  of  feeding  with  the  same  amounts  of  food,  and  notwith- 
standing the  same  external  relations  of  the  animals  used  in  the  experiments,  so 
that  the  special  relation  of  the  with  difficulty  oxidizable  sulfur  to  taurin  becomes 
rather  doubtful  (Benedict).  Nevertheless,  attention  must  be  called  to  the  fact 
that  the  early  increase  and  later  decrease  of  the  neutral  sulfur  described  by 
Lepine  is  very  comparable  to  the  view  which  we  must  take  regarding  the  process 
of  the  formation  of  biliary  acids  in  jaundice. 

The  following  example,  selected  from  Lepine's  work  on  cholelithiasis  il- 
lustrates the  course  of  excretion  of  neutral  sulfur  in  jaundice: 

Light  jaundice. 

Light  jaundice;  neutral  sulfur=31  per  cent. 

Sudden  increase  of  jaundice. 

Marked  jaundice,  neutral  sulfur=43  per  cent. 

Marked  jaundice;  neutral  sulfur=20  per  cent. 

Total  sulfur=100. 

F.  Muller,  who  studied  a  case  of  jaundice  from  gall-stones  of  somewhat 
long  standing,  found  on  three  days  the  values  of  the  neutral  sulfur  to  be  22.9, 
15.7,  and  10.7  per  cent  of  the  total  sulfur.  Later  in  the  same  case,  but  with  dif- 
ferent diet,  the  values  were  19.2  and  17.4  per  cent.  In  a  case  of  carcinoma  of 
the  stomach  and  liver,  accompanied  by  jaundice,  the  findings  were  29.0,  21.1, 
and  16.1  per  cent.  These  figures  confirm  Lepine's  idea  that  the  neutral  sulfur 
diminishes  the  longer  the  jaundice  continues. 
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On  the  other  hand,  a  marked  decrease,  and  even  a  lowering  of  the  normal 
values,  should  be  expected  in  chronic  obstructive  jaundice,  provided  the  assump- 
tion is  correct  that  in  cases  of  disturbed  outflow  of  bile  into  the  intestine  the 
production  of  biliary  acids  is  markedly  reduced  by  the  interruption  of  the  circula- 
tion of  bile  acids.  Since  this  is  not  observed,  the  relation  of  the  hardly  oxidizable 
sulfur  to  taurocholic  acid  must  be  reinvestigated  before  an  opinion  on  the  forma- 
tion of  bile  acids  can  be  based  on  the  excretion  of  neutral  sulfur.  Hence  it  does 
not  follow  that  Schmidt  should  assume  that  the  production  of  bile  acids,  even 
in  long  continued  jaundice,  suffers  no  reduction,  because  he  but  rarely  found 
high  values  for  the  neutral  sulfur  in  his  case  of  jaundice.  According  to  Bene- 
dict, a  portion  of  the  non-oxidized  sulfur  compounds,  which  may  be  excreted  in 
increased  amounts  as  a  result  of  toxic  action  on  the  protein  constituents  of  the 
body,  are  to  be  regarded  as  intermediary  bodies,  which  resist  the  further  oxida- 
tion to  sulfuric  acid.  Corresponding  to  their  presence  in  the  bile  (Bial),  con- 
jugated glycuronic  acids  are  regularly  observed  in  the  urine  in  cases  of  biliary 
obstruction  (van  Leersum )  [Von  Noorden :  Metabolism  and  Practical  Medi- 
cine]. 

We  studied  the  liver  function  by  several  of  the  above  methods. 

1.  The  tctraclilorpltciiolphthalein  test. 

We  applied  this  test  in  a  series  of  thirty-four  cases.  This  series  included 
patients  who  were  suffering  from  liver  disease,  as  well  as  those  who  had  no 
hepatic  ailment.  The  test  is  not  as  easy  to  carry  out  as  the  description  indicates. 
It  is  rather  difficult,  and  in  many  case  almost  impossible  to  impress  the  nurse 
with  the  importance  of  collecting  the  entire  quantity  of  feces.  The  duty  is  rather 
a  disagreeable  one  and  complaints  are  likely  to  arise.  The  chemical  analysis  is 
also  a  disagreeable  procedure  and  in  a  number  of  instances  almost  discouraging. 
In  these  cases  it  is  almost  impossible  to  obtain  a  color  which  can  be  compared 
with  the  standard.  In  general  this  test  is  not  easy;  it  requires  some  experience, 
and  it  needs  a  well  equipped  laboratory. 

The  accompanying  table  shows  the  percentages  of  dye  recovered  in  the  vari- 
ous cases.  Several  cases  which  clinically  were  typical  cases  of  liver  involvement 
gave  rather  high  figures  for  the  phthalein  excretion  in  urine,  whereas  other  cases 
in  which  the  diagnosis  pointed  to  nonhepatic  involvement,  there  was  frequently 
observed  a  very  low  phthalein  output. 

We  concluded  that  this  test  is  of  very  doubtful  value.  It  certainly  does  not 
lend  itself  to  clinical  purposes.  It  is  difficult  of  performance;  the  manipulations 
are  very  disagreeable;  and  the  results  obtained  not  conclusive. 

2.  The  Urinary  nitrogen  partition. 

Rowntree,  Marshall  and  Chesncy  concluded  from  their  experiments  that 
the  nitrogen  partition  is  of  distinct  value  in  determining  whether  or  not  there 
was  a  disturbance  in  liver  function.  \\c  have  obtained  similar  results.  In 
eclampsia  of  pregnancy,  where  the  liver  is  involved  we  found  always  an  increased 
ammonia  nitrogen,  and  amino  acid  nitrogen  output,  and  a  decreased  urea  nitrogen 
elimination.  Normally  the  ammonia  nitrogen  is  about  4  to  5  per  cent  of  the  total 
urinary  nitrogen,  and  the  urea  nitrogen  is  80  per  cent  of  the  total  nitrogen.  In 
eclampsia  and  in  severe  disease  of  the  liver,  the  ammonia  out[nil  may  be  in- 
creased t(  1  40  piT  cent  or  more  at  the  ex])cnse  of  the  urea  nitrogen. 
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OUTPUT  OV 

NO. 

NAME. 

UlAGXOSIS. 

PHTHAI.EIX, 
PER  CENT. 

REMARKS. 

1 

B. 

Fracture 

14 

2 

B. 

Gastritis 

28 

3 

B. 

Fracture 

31 

4 

S. 

Mitral    insufificiency 

19 

5 

H. 

Jaundice 

5 

6 

B. 

Fracture 

12 

7 

S. 

Congestion  of  liver 

32 

8 

B. 

Congestion  of  liver 

34 

9 

D. 

Cholelithiasis 

28 

10 

S. 

Chronic  gonorrhea 

25 

11 

H. 

Amputation 

22 

12 

R. 

Hernia 

27 

13 

K. 

Renal  tuberculosis 

32 

14 

K. 

Burns 

24 

IS 

D. 

Tuberculosis 

21 

16 

S. 

Malaria 

34 

17 

D. 

Cholelithiasis 

20 

Jaundice 

18 

F. 

Cholecystitis 

21 

19 

R. 

Fracture 

14 

20 

R. 

No    diagnosis 

23 

21 

D. 

Liver  congestion 

25 

22 

H.V. 

Atrophic  cirrhosis 

25 

23 

W.J. 

Atrophic  cirrhosis 

17 

24 

E.P. 

Atrophic  cirrhosis 

21 

25 

H.C. 

Syphilis  of  liver 

24 

26 

C.L. 

Abscess  of  liver 

19 

27 

T.  M. 

Cholecystitis 

25 

Jaundice 

28 

P.  A. 

Cholecystitis 

30 

29 

R.S. 

Gall-stones 

18 

Jaundice 

30 

H.O. 

Gall-stones 

27 

Jaundice 

31 

W.K. 

Gall-stones 

26 

32 

L.Y. 

Cancer  of  liver 

17 

33 

H.  P. 

Chronic  gastroenteritis          32 

34 

G.L. 

Mucocolitis 
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3.  The  lactose  and  levuJosc  tests  have  been  of  no  value  to  us  as  an  aid  in 
the  diagnosis  of  Hver  disease. 

4.  The  urobilinogen  test  may  be  classed  with  the  carbohydrate  tolerance 
tests. 

5.  The  siilfo-conjugatiou. 

This  has  helped  us  much  in  determination  of  liver  function.  We  shall  dis- 
cuss this  in  detail. 

The  toxic  aromatic  radicals  produced  by  decomposition  of  protein  are  con- 
jugated in  the  liver  with  sulfuric  or  glycuronic  acid,  and  are  then  excreted  in 
the  urine.  If  we  should  take  indol  as  an  example,  the  following  process  would 
take  place. 

Tryptophane,  or  beta-indol-alpha-amino-propronic  acid  is  one  of  the  products 
of  decomposition  and  putrefaction  of  proteins.  It  is  the  mother  substance  of  in- 
dol and  skatol,  etc.  Upon  breaking  down  of  tryptophane,  indol,  which  is  very 
toxic  is  produced. 
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CwCH^-CHCNHo)   -cooh 


C  H 


N  H 
(Tryptophane) 


C  H 


C  H 


(  Indole) 


Inclol  is  oxidized  in  the  intestines  to  indoxyl. 


C  -  0  H 


C  H 


N  H 

(indoxyl) 

If  indol  or  indoxyl  enters  the  general  circulation  marked  toxineniia  re- 
sults with  its  concommitant  symptoms.  The  protective  mechanism  of  the  body 
against  this  toxinemia  is  to  conjugate  the  indoxyl  with  sulfuric  acid  in  the  liver, 
producing  a  substance  which  is  almost  nontoxic — indican. 


—   C  -  0  H 
C  H 


>  H^  S  0^ 


(indoxyl} 
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C  -  0  -  S  Oa  H 


C  H 


N 

H 


(  indoxyl  sulfuric  Acia) 


In  the  presence  of  potassium  salts 


C  -  0  -  3  O3  K 


-  C  H 


(indicaui) 


Similar  results  are  obtained  with  any  of  the  aromatic  radicals,  as  phenol, 
cresol,  try  OS  in,  skatol,  etc. 

It  is  well  known  that  the  total  sulfur  in  the  urine  may  be  partitioned  into 
three  distinct  fractions : 

a.  The  Inorganic  Sulfates. 

b.  The  Ethereal  Sulfates. 

c.  The  Neutral  Sulfur. 

It  has  been  definitely  established  that,  normally,  the  inorganic  sulfates  form 
about  70  per  cent  of  the  total  sulfur,  and  the  remaining  30  per  cent  are  divided 
almost  equally  between  the  ethereal  sulfates  and  the  neutral  sulfur. 

The  ethereal  sulfates  are  the  conjugated  aromatic  sulfonic  acids.  It  is 
this  fraction  that  is  of  special  interest  to  us  now. 

It  is,  of  course,  impossible  to  rely  upon  the  excretion  of  ethereal  sulfates  as 
a  symptom  of  hepatic  function.  The  proteins  which  are  ingested  daily  give 
rise  to  their  quota  of  aromatic  radicals  wdiich  influence  the  quantity  of  the  con- 
jugated sulfates.  The  condition  of  the  intestinal  flora  plays  a  role  in  the  forma- 
tion of  aromatic  radicals,  thus  it  is  known  that  in  intestinal  putrefaction  there 
is  a  marked  increase  in  the  conjugated  sulfates  excreted. 

We,  therefore,  adopted  the  following  technic  for  the  determination  of  liver 
function  by  means  of  the  ethereal  sulfate  output : 

The  patient  received  a  dose  of  castor  oil  to  clean  out  his  bowels.  He  was 
then  kept. on  a  known  diet  for  two  days,  during  which  time  the  urine  was  col- 
lected, preserved,  and  analyzed  for  total  sulfur  and  ethereal  sulfates*.    On  the 


*The  total  sulfur  was  analyzed  by   licnedict's  method;   the  Ethereal  sulfates  by  Folin's  method. 
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third  day  the  patient  received  a  capsule  containing  one-half  gram  of  thymol. 
The  urine  was  collected  for  the  next  two  days,  preserved,  and  analyzed  for  total 
sulfur  and  ethereal  sulfates. 

Thymol  is  iso-propyl-meta-cresol : 


OH 


C  ^*  —  C  H  -'  C  Hg 


If  all  the  thymol  were  absorbed  and  if  all  the  thymol  were  conjugated  with 
sulfuric  acid  and  none  with  glycuronic  acid,  the  0.5  gram  of  thymol  would  be 
excreted  as  0.7666  gms.  of  thymol  sulfuric  acid.  This  would  cause  a  marked 
increase  in  the  percentage  of  ethereal  sulfates.  If  the  liver  were  not  functionat- 
ing properly,  the  thymol  would  not  be  conjugated,  and  the  percentage  of  ethereal 
sulfates  would  be  only  slightly  different  from  what  it  had  been  on  the  first  two 
days. 

One  objection  to  the  study  of  the  function  of  any  organ  as  an  index  of 
disease  of  that  organ,  is,  that  it  is  perhaps  possible  for  the  healthy  part  of  the 
diseased  organ  to  compensate  and  assume  the  work  of  the  whole  gland.  In  such 
a  condition  of  course  the  functional  output  of  the  organ  may  be  normal,  and 
would  be  no  index  of  the  pathological  anatomy  of  the  organ.  Under  these  cir- 
cumstances only  marked  destructive  changes  would  leave  their  impress  on  the 
functional  activity  of  the  organ. 


Ethereal  Sulfate  Elimination  Before  and  After  Thymol  Administration. 


Total  Sulfur 

Ethereal  Sulfate 

Ethereal  Si 

ilfate  Sul- 

Case 

Diagnosis. 

gms. 

Sulfur 

gms. 

fur  %  of  Total  Sulfur. 

No. 

Before 

After 

Before 

After 

Before 

Thymol. 

Thymol. 

Thymol. 

Thymol. 

Thymol. 

Thymol. 

After 

1 

Normal 

2.0375 

2.1295 

0.2893 

0.5646 

14.2 

26.8 

2 

Gastritis 

1.9428 

1.7427 

0.1457 

0.3380 

7.5 

19.4 

3 

Fracture 

2.7467 

2.5527 

0.3131 

0.6024 

11.4 

23.6 

4 

Congestion  of 

liver 

0.9852 

1.0734 

0.1753 

0.7069 

17.8 

28.6 

5 

" 

1.7345 

1.6982 

0.2480 

0.3610 

14.3 

21.2 

6 

Gall-stones 

2.7628 

2.8075 

0.7597 

1.0303 

27.5 

36.7 

7 

" 

3.0042 

2.6826 

0.3965 

0.8474 

13.2 

29.4 

8 

Cholecystitis 

2.7807 

2.6437 

0.4866 

0.7428 

17.5 

28.1 

9 

Atrophic 

cirrhosis 

2.2328 

2.3029 

0.2791 

0.3400 

12.5 

15.2 

10 

Tumor  of  liver 

1.9492 

1.8757 

0.1637 

0.3676 

8.4 

19.6 

11 

Cancer  of  liver 

2.7526 

2.6278 

0.6083 

0.6648 

22.1 

25.3 

12 

Syphilis  of  liver 

2.8104 

2.9075 

0.3990 

0.5437 

14,2 

18.7 
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It  has  been  our  experience,  however,  that  disturbances  in  the  structure  of 
the  Hver  goes  hand  in  hand  with  disturbances  of  function,  especially  as  is  in- 
dicated by  sulfuric  acid  conjugation  of  the  aromatic  radicals.  We  have  found 
that  in  cirrhosis  of  the  liver  the  conjugation  of  thymol  with  sulfuric  acid  does 
not  take  place  to  as  marked  an  extent  as  in  the  normal  state.  This  question  is 
now  being  more  fully  investigated,  and  in  the  very  near  future  we  hope  to  make 
a  more  extensive  report.    Meanwhile,  we  have  cited  a  few  cases  above. 

It  will  be  observed  that  in  the  nonhepatic  diseases,  and  in  the  nondestructive 
diseases  of  the  liver,  a  marked  increase  in  the  excretion  of  ethereal  sulfates  was 
obser\'ed  on  the  day  after  the  thymol  administration.  In  diseases  of  the  liver, 
like  atrophic  cirrhosis,  cancer  of  the  liver,  or  syphilis  of  liver,  this  organ  has  lost 
its  power  to  conjugate  the  thymol  with  sulfuric  acid.  Case  number  10  was  a 
benign  tumor  of  the  liver,  and  it  seems  no  destructive  changes  went  on  in  the 
hepatic  tissue.     This  case  was  in  the  service  of  Dr.  E.  B.  Haworth. 

A\'e  hope  to  study  this  reaction  more  fully  in  experimental  hepatitis,  if  pos- 
sible. 
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SOME  TECHNICAL  DIFFICULTIES  INVOLVED  IN  THE  COMPARISON 
OF  THE  DIAZO  AND  UROCHROMOGEN  TESTS* 


By  Joseph  E.  Pottenger,  M.D.,  Monrovia,  Calif. 


SINCE  the  publication  of  Weisz'^  urochromogen  test  an  abundant  literature 
has  developed,  a  very  striking  feature  of  which  is  the  wide  difference 
of  opinion  as  to  the  relative  value  of  the  diazo  and  urochromogen  reac- 
tions. Weisz  found  the  urochromogen  reaction  more  frequent  than  the  diazo 
and  recommended  it  as  a  more  sensitive  substitute  for  the  latter.  He  did  not 
give  any  tabulated  comparisons  of  the  two  tests.  Later  workers  have  tabu- 
lated their  experiences.  Heflebower-  found  the  diazo  positive  in  only  29.1  per 
cent  of  a  series  of  72  cases,  while  the  urochromogen  was  positive  in  66.6  per 
cent.  Gullbring,^  in  a  series  of  168  cases,  found  the  diazo  positive  in  but  28, 
while  the  urochromogen  was  positive  in  88.  Sinclair*  reported  148  cases  of 
which  only  30  gave  the  diazo,  but  85  gave  the  urochromogen.  Schaeffle's^  series 
of  190  cases  showed  a  much  closer  relation  between  the  two  tests, — 40  giving 
diazos,  and  51  giving  urochromogens.  Other  workers  have  reported  values 
between  these  extremes. 

The  differences  in  percentage  incidence  of  diazo  and  urochromogen  in  the 
above  reports,  indicate  either  a  striking  selection  of  certain  types  of  tubercu- 
losis among  the  institutions  from  which  the  reports  were  made,  or  a  lack  of  a 
uniform  technic  and  criteria  for  deciding  the  presence  or  absence  of  the  re- 
actions. 

My  early  experiences  failed  to  show  such  remarkable  sensitiveness  of  the 
urochromogen  as  compared  with  the  diazo,  as  was  reported  by  the  first  group 
of  workers,  and  it  seemed  that  this  difference  might  be  explained,  at  least  in 
part  to  variations  in  technic,  due  to  the  rather  indefinite  instructions  of  Weisz. 
His  simple  instructions  are :  Dilute  the  clear  urine  with  two  volumes  of  water 
and  add  three  drops  of  a  solution  of  potassium  permanganate  (1  :1000).  A 
yellow  color  indicates  the  presence  of  the  urochromogen  body.  These  instruc- 
tions were  considered  sufficient, — in  marked  contrast  to  the  care  necessary  for 
performing  the  diazo  test. 

Various  workers  have  attempted  to  standardize  certain  features  of  the 
technic,  thus  Heflebower  used  1  c.c.  urine  and  2  c.c.  of  water,  v^chacfflc  "rec- 
ognized as  a  positive  reaction  only  a  distinct  canary  yellow  which  remained 
fairly  permanent,  althougli  there  were  frequent  slightly  yellow  reactions  w^hich 
soon  disappeared."  Heflebower  on  this  point  said:  "The  appearance  of  a  yel- 
low color  shows  that  urochromogen  is  present."  With  these,  and  a  few  other 
exceptions,  however,  no  serious  attempt  appears  to  have  been  made  to  standard- 
ize the  urochromogen  test.  Most  workers  have  been  silent  on  the  details  of 
technic. 

According  to  Weisz'  instructions,  it  is  evident  that  in  practice  two  work- 
ers miglit  employ  widely  different  proportions  of  reagent  and  urine  in  porform- 
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ing  the  test, — three  drops  ranging  anywhere  from  3/15  to  3/30  c.c.  and  the 
quantity  of  urine  used  from  3  c.c.  to  6  or  7  c.c.  In  this  manner,  one  worker, 
by  adding  3/30  c.c.  of  reagent  to  6  or  7  c.c.  of  urine  would  employ  less  than 
1/4  the  proportion  of  reagent  to  urine  as  the  other  worker  who  adds  3/15  c.c. 
of  reagent  to  3  c.c.  of  urine. 

The  following  method  was  employed  to  determine,  first,  the  differences  in 
color  tone  and  permanency  of  reaction  due  to  various  proportions  of  urine  and 
reagent;  second,  the  relation  existing  between  the  color  tones  of  foam  and  solu- 
tion in  the  diazo  and  the  urochromogen ;  third,  the  influence  of  the  age  of  the 
specimen  upon  the  test;  and  fourth,  the  conditions  for  the  standardization,  if 
found  advisable,  of  the  urochromogen  reaction.  The  regular  twenty-four  hour 
specimens  from  patients,  and  fresh  morning  specimens  from  both  patients  and 
normal  persons  were  examined.  At  least  one  normal  urine  was  placed  among 
the  urines  to  be  analyzed,  the  identity  of  all  specimens  being  concealed  until 
the  tests  were  made.  The  work  here  reported  has  been  carried  out  over  a 
period  of  one  year. 

The  records  were  kept  in  tabular  form,  of  which  the  following  is  one. 

Table  I. 

DETAILED  UROCHROMOGEN  RECORD,  INDICATING  COLOR  CHANGES  AT  DIFFERENT  TIME  INTERVALS,  WITH 
DIFFERENT  PROPORTIONS  OF  REAGENT  USED  AND  AT  DIFFERENT  DILUTIONS. 


1/3  dilution. 

1/6  dilution. 

1/10 

dilution. 

Initial  15  s.  30  s.  60  s. 

120  s. 

Initia 

1  15  s. 

30  s.  60  s. 

120  s. 

Initial  15  s. 

30  s. 

60s. 

120  s. 

G.25  c.c. 

y-br 

-H- 

++      ++      -H- 

++- 

br-y 

+ 

+ 

+       + 

+ 

y-br 

+ 

y?br- 

+ 

br 

+ 

+ 

+ 

0.15  c.c. 

y-r 

++ 

++++-1-1- 

-H- 

y    + 

+ 

br-y 

+        + 

+ 

br-y 

+ 

Ibr-y 

+ 

ly-b 

+ 

r 

+ 

lb 

+ 

0.10  c.c. 

y   + 

+         +        + 

+ 

ly    + 

+ 

Ibr-y 

+       + 

+ 

lyl  + 

+ 

+ 

-1- 

Ibr-y 

+ 

0.05  c.c. 

ly   + 

+         +        + 

+ 

ly   + 

+ 

+       + 

+ 

lyl  + 

+ 

+ 

+ 

Ib-y 

+ 

Control  br-y  ++ 


Ibr-y  + 


ly-br  I + 


In  making  the  urochromogen  test,  5  c.c.  of  the  1/3  dilution  of  urine  was 
placed  in  each  of  5  test  tubes,  selected  so  that  the  column  was  of  uniform  depth. 
In  case  the  test  was  positive,  further  dilutions  were  made,  say  1/6,  1/10,  1/15, 
etc.,  until  the  test  failed  to  appear  in  one  or  more  tubes.  Using  one  tube  as 
control,  to  the  other  tubes  were  added  in  succession,  .25  c.c,  .15  c.c,  .10  c.c, 
and  .05  c.c.  of  potassium  permanganate  (1:1000),  by  means  of  a  pipette  grad- 
uated in  twentieths.  This  series  corresponds  to  5  drops,  3  drops,  2  drops  and 
1  drop,  when  20  drops  equals  one  cubic  centimeter.  The  color  change  was  re- 
corded at  once,  at  the  end  of  15  seconds,  30  seconds,  60  seconds,  and  120  sec- 
onds by  reading  through  the  end  of  the  tube  held  against  a  white  background. 
The  colors  viewed  from  the  end  of  the  tube  are  intensified,  as  compared  with 
the  same  viewed  laterally,  and  slight  reactions  will  be  found  by  the  first  method, 
where  they  would  be  considered  negative  or  questionable  by  the  second.  On 
the  other  hand,  where  the  urochromogen  is  strong,  the  appearance  viewed  from 
the  end  is  misleading,  especially  in  the  5  drop  and  3  drop  tubes,  the  brown  tone 
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predominating;  but,  if  viewed  laterally,  a  deep  pure  yellow  is  present.  There 
is  no  likelihood  of  confusion,  however,  on  this  point.  It  must  be  pointed  out, 
however,  that  my  readings  contain  a  more  pronounced  brownish  element  than 
they  would,  had  they  been  made  viewing  the  tubes  laterally.  Quantitative  dif- 
ferences were  indicated  roughly  by  employing-  the  terms,  light  yellow,  yellow, 
light  brown,  brown,   and   their   combinations,   and   by   affixing  the   usual   signs 

I   +,.  +,  ++,  +++. 

The  diazo  tests  were  made  with  solutions  according  to  the  original  for- 
mulae of  Ehrlich.  Solution  A,  Sulphanilic  acid  5  gms..  Hydrochloric  acid  50  c.c, 
and  water  1000  c.c. 

Solution  B,  Sodium  nitrite  0.5  per  cent.  The  test  solution  was  made  fresh 
by  adding  B  to  A  in  the  proportion  of  1  :50.  Exact  quantities  of  urine  and  test 
solution  were  measured  by  pipette  into  a  small  3  inch  test  tube,  Yiq  volume  of 
ammonia  was  added  and  shaken.  Both  foam  and  solution  were  described  at 
once.  In  positive  cases  the  diazo  was  performed  on  a  series  of  dilutions  of 
urine  in  the  following  table : 


Table  II. 

DETAILED   DIAZO   RECORD   ON    SAME   URINE   AS    WAS    USED    IN   TABLE   I,    SHOWING   CHANGE   IN    COLOR 
TONES    DUE    TO    DIFFERENT    PROPORTIONS    IN    THE    URINE-REAGENT    MIXTURE. 

Urine   Solution. 


^4  vol.  Reagent      1  vol.  R. 

+  + 

1  vol.  U. 

Pink- 
Red 


1  vol.  Urine 

Foam 

Lbr 

Solution 

Red-br 


1  vol.  R.  1  vol.  R.  1  vol.  R.  1  vol.  R.  1  vol.  R. 

+  +  +  +  + 

1  vol.  U/2  1  vol.  U/3  1  vol.  U/5  1  vol.  U/7  1  vol.  U/10 

Pink  Pink(?)  White  White  White 

Br-red  Red-br  Red-br  Y-br  Lbry. 


Studies  were  made  on  60  fresh  morning  specimens  from  apparently  normal 
persons  and  on  121  from  patients,  also  on  226  twenty-four  hour  specimens 
from  patients. 

Table  III. 

SUMMARY  OF  UROCHROMOGEN  TESTS   MADE  ON   58  NOR.MAL   SPECIMENS,   SHOWING  COLOR  REACTIONS 
AND  THEIR  PERMANENCY  IN  RELATION   TO  THE  PROPORTION   OF  REAGENT   USED. 


Quantitv 

of 
Reagent 


0.25  c.c. 
0.15  c.c. 
0.10  c.c. 
0.05  c.c. 


Initial  Reaction        15  seconds 


Yellow  Yellow  ?  Yellow  Yellow  ? 


39  5 

38  2 

19  4 

8  9 


5  5 

2  2 

1  0 


30  seconds 

Yellow  Yellow? 
1  1 

1  0 


60  seconds 


Yellow  Yellow? 


120  seconds 
Yellow  Yellow? 


In  two  of  the  above  urines  with  specific  gravity  of  1011  and  100(),  the  5 
drop  tubes  contained  permanganate  in  excess,  which  gave  a  purple  color,  per- 
sisting for  8  or  10  seconds.  The  complete  absence  of  yellow  in  all  lubes  was 
obtained  in  but  18  specimens. 
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The  preceding  table  shows  that  yellow  reactions  occur  in  the  majority  of  ap- 
parently normal  urines,  a  few  of  which  persist  for  some  time  depending  upon 
the  amount  of  reagent  used.  These  normal,  or  pseudo  reactions  probably 
depend  upon  the  presence  of  oxidizable  substances  other  than  the  urochromogen 
body,  from  which,  in  practice,  they  cannot  be  differentiated  by  color  tone.  As, 
however,  they  are  more  or  less  transient,  passing  into  a  pure  brown  of  vary- 
ing degrees  of  intensity,  the  time  of  their  duration  is  very  important  in  ex- 
cluding them  from  the  typical  urochromogen  reaction  which  is  much  more 
permanent  even  w^hen  very  slight.  Since  the  yellow  had  disappeared  in  30 
seconds  in  all  but  one  and  possibly  two  of  the  above  specimens,  special  atten- 
tion w^as  paid  to  the  history  of  the  persons  furnishing  them.  No  reason  could 
be  found  for  excluding  them  from  the  table. 

In  order,  then,  to  exclude  normal  reactions,  I  have  determined  on  the 
following  standards  of  time  for  observation.  Five  and  three  drop  tubes,  60 
seconds;  two  drop  tube  30  seconds;  one  drop  tube  15  seconds. 

Table  IV. 

SUMMARY   OF  COLOR  REACTIONS   IN    fOAM    AND   SOLUTION   OE  DIAZO   TESTS   IN    60    NORMAL   URINES. 


Foam. 


Solution. 


Colorless 

48 

Yellow 

40 

Brown 

12 

18 

Reddish  ?-brown 

2 

Two  of  the  above  urines  giving  c|uestionable  reddish  tones  in  the  diazo 
solution  were  excluded  from  Table  III,  although,  in  neither,  did  the  yellovv' 
persist  to  30  seconds  in  the  urochromogen  test.  I  have  never  seen  a  red  tone, 
or  even  a  suggestion  of  red  in  a  diazo  solution  in  a  strictly  normal  person. 
One  of  these  persons  had  been  drinking  heavily,  though  otherv/ise  apparently 
healthy ;  the  other  had  had  tuberculosis  years  ago,  with  apparent  recovery,  and 
of  late  years  has  suffered  from  chronic  constipation,  and  has  shown  at  all  times 
considerable  anemia. 

Table  V. 

SUMMARY   OF    UROCHROMOGEN    RE.\CT10N    IN    167   TWENTY-FOUR    HOUR    SPECIMENS    AND    94    FRESH 

MORNING    SPECIMENS    FROM    PATIENTS   WHO   DID    NOT    SHOW    A   RED    COLOR    IN    EITHER 

FOAM    OR   SOLUTION   OF   THE  DIAZO   TEST. 


Quantity 

of 
KMNO4 

Initial  Re- 
action. 
Y            Y? 

15 
Y 

sec. 
Y? 

30 
Y 

sec. 
Y? 

60  sec. 
Y        Y? 

120  sec. 
Y        Y? 

0.25  CO. 
0.15  c.c. 
0.10  c.c. 
0.05  c.c. 

146            61 

141            38 
126           ?>2 
44           43 

11 
6 

5 
3 

28 

21 

8 

3 

1 

1 
2 

2 
1 

1 
2 

1 

1 

Five  drops  was  found  to  be  excessive  in  17  of  the  tests  made.  Fifty- 
three  did  not  show  yellow  at  all  in  any  of  the  tubes.  The  results  on  both 
twenty-four  hour  and  fresh  specimens  are  combined,  as  no  essential  differ- 
ence could  be  determined  between  the  separate  tables.  The  twenty-four  hour 
specnnens,  however,  gave  a  larger  proportion  of  questionable  reactions. 
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Comparing-  the  above  with  Table  III  no  essential  difference  is  evident  in 
the  5  drop  and  3  drop  series.  The  2  drop  series  in  the  above  shows  a  striking- 
increase  in  initial  reactions.  The  2  drop  and  1  drop  series  show  a  slight 
tendency  to  persist  beyond  the  time  standard  determined  from  Table  III.  The 
2  drop  tubes  show  1  positive  urochromogen  and  the  1  drop,  2  positive  urochro- 
mogens,  which  the  5  drop  and  3  drop  tubes  fail  to  show.  From  this  it  is 
clear  that  5  drops  and  3  drops  are  excessive,  resulting  in  a  rapid  change 
to  brown.  The  action  of  excess  of  reagent  is  further  shown  in  Table  I,  dilu- 
tion 1/10,  where  the  5  drop  and  3  drop  series  become  rapidly  brown,  while 
the  2  drop  and  1  drop  series  give  a  slight  initial  yellow  developing  in  intensity 
to  15  seconds,  and  then  persisting  almost  without  change  for  2  minutes.  The 
result  is  a  negative  reaction  in  the  5  drop  and  3  drop  tubes,  although  the  2  drop 
and  1  drop  tubes  give  a  splendid  positive  reaction.  This  result  occurs  invariably 
where  a  urine  giving  a  positive  test  is  sufficiently  diluted. 

It  is  evident  then  that  5  drops  and  3  drops  of  reagent  to  5  c.c.  of  dilute 
urine  is  not  the  optimum  proportion  in  which  to  make  the  urochromogen  test. 
Summarizing  the  objections  to  these  quantities  we  find, —  (1)  they  are  excessive, 
particularly  the  former,  for  some  urines,  imparting  the  purple  color  of  the 
reagent  to  the  mixture;  (2)  they  intensify  the  initial  reactions  and  increase 
the  difficulty  in  differentiating  from  normal  reactions;  and,  (3)  slight  reactions 
are  overlooked  due  to  rapid  development  of  brown  color  tones. 

It  is  interesting  in  this  connection  that  Heflebower  in  the  article  cited, 
used  his  reagent — urine  mixture  in  the  same  proportion  as  the  5  drop — 5  c.c. 
urine  mixture  above.  He  used  a  3  drop — 3  c.c.  mixture.  Of  the  many  work- 
ers who  have  published  reports,  he  has  given  the  most  complete  statement  of 
technic. 

While  it  is  possible  that  W'eisz  and  others  following  him  have  made  the 
reagent-urine  mixture  in  the  optimum  proportions,  i.  e.,  1  to  2  drops  to  5 
c.c,  his  original  statement  of  technic  is  inadequate ;  and,  in  order  to  guard 
against  error  in  technic  and  interpretation,  the  technic  should  be  standardized. 

STANDARDIZATION    OF   THE   TECHNIC    FOR   THE    UROCHROMOGEN    REACTION. 

Put  5  C.C.  of  1/3  dilution  of  urine  ( 1  part  U.  to  2  parts  water)  into  each 
of  two  test  tubes,  selected  so  that  the  column  of  liquid  is  3.5  cm.  deep.  Hold 
over  a  strong  white  background  and  place  0.1  c.c.  potassium  permanganate 
(1:1000)  in  one  of  the  tubes.  Holding  the  tubes  vertically,  and  looking  into 
them  from  the  end,  record  any  increase  of  yellow  at  the  end  of  30  seconds  as  a 
positive   urochromogen   reaction. 

In  the  following  table  D-f-  is  a  positive  test  with  pink  foam.  D-|-?  is  a  ques- 
tionable reaction,  in  which  the  color  is  suggestive  of  pink,  but  uncertain.  In 
practice,  it  has  been  my  custom  to  call  D-f-?  reactions  "suggestions"  and  almost 
invariably  when  found,  if  an  afternoon  specimen  is  called  for  from  the  same 
patient  a  distinct  diazo  will  be  found.  U-|-?  is  a  questionable  urochromogen 
reaction.  Although  a  red  or  reddish  solution  is  not  accepted  as  a  proper  cri- 
terion for  determining  the  presence  of  the  diazo,  because  of  the  fact  iliat  many 
known  substances  and  some  drugs  are  known  to  give  similar  reactions  with  tin- 
reagent.  I  have  had   no   reason   to  su>i)ect   confusion  <>n   tliis  point,   and    while    I 


42 


THE    JOURNAL    OF    LABORATORY   AND   CLINICAL   MEDICINE 


have  accepted  the  standard  criteria  in  determining  the  presence  of  a  diazo,  I 
have  long  suspected  that  we  have  missed  much  that  the  reaction  offers  us 
because  we  have  failed  to  observe  the  color  tone  of  both  foam  and  solution. 
My  experience  with  the  diazo  reaction  extends  over  eight  years,  having  found 
it  about  2,000  times  in  8,800  twenty-four  hour  specimens  from  approximately 
1,500  tuberculous  patients. 

Table  VI. 

COMPLETE  SUMMARY  OE  DIAZO  AND  UROCHROMOGEN  TESTS  FROM  738  SPECIMENS  INCLUDING  391   IN 
WHICH  ONLY  THE  5  DROP  AND  3  DROP  PROPORTIONS  WERE  USED,  EROM   183  PATIENTS.' 


Color  of 
the  Diazo 


Solution 

D- 

D+ 

D+? 

u- 

U+ 

U+? 

[    16 

16 

3 

3 

4 

4 

115 

115 

Red 

2 
2 

2 

2 

9 

9 

1 

1 

4 

4 

[      9 

9 

Red  ? 

3 

1 

3 

1 

Deep  brown- 

2 

2 

ish  yellow 

1 

1 

Yellow 

1    \ 

1 

2 

Canary- 

\    ' 

1 

Totals  : 

43 

119 

14 

19 

146 

11 

D-  and  D+? 
transferred 
to  D+ 


20 


156 


19  146 


11 


The  table  gives  119  diazos  and  146  urochromogen  reactions.  But,  if  we 
add  to  the  positive  diazos,  the  23  D —  reactions  with  a  distinct  red  tone  in 
the  solution,  we  have  a  total  of  156  reactions  which  would  be  balanced  by  the 
addition  of  questionable  urochromogen  reactions,  making  157.  However,  there 
are  still  13  abnormal  diazo  reactions  in  which  a  questionable  reddish  solution 
was  found,  the  predominant  tone -being  brown  or  yellow,  or  both.  The  foam 
in  these  cases  was  usually  a  much  deeper  brown  than  is  found  in  normal 
reactions.  If  these  thirteen  abnormal  reactions  are  added  to  the  156  reactions, 
we  have  a  total  of  169  abnormal  diazo  reactions,  as  compared  with  157  urochro- 
mogen reactions. 

In  making  the  diazo  and  urochromogen  tests  on  various  dilutions  of  urine, 
illustrated  by  Tables  I  and  II,  another  source  of  confusion  in  comparing  the 
tests  was  discovered.  In  several  instances,  with  a  positive  diazo,  the  urochro- 
mogen was  recorded  either  negative  or  questionable  at  1/3  dilution,  while 
dilutions  of   1/5,    1/6^   etc.,   gave   unquestionable    reactions.      There   were   four 
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specimens,  all  deep  yellow  in  color,  giving  U —  reactions,  at  1/3  dilution,  but 
at  1/6  dilution  two  of  them  were  distinctly  positive  and  the  other  two  were 
questionable  in  the  2  drop  and  1  drop  tubes.  This  difficulty  was  met  with  only 
in  concentrated,  particularly  deep  yellow  urines.  Brownish  urines  gave  no 
trouble  on  this  point.  From  this  it  is  clear  that  some  urines  should  be  diluted 
more  than  1/3  as  Weisz  recommended,  in  order  to  demonstrate  the  reaction. 

Comparisons  were  made  between  tests  on  fresh  specimens  and  on  the  same 
specimens  after  twenty-four  hours  standing  at  room  temperature.  No  im- 
portant differences  were  found  between  the  amounts  of  the  diazo-and  urochro- 
mogen  bodies  in  the  two  examinations.  Certain  urines,  however,  giving  U — 
reactions  when  fresh,  gave  U+?  reaction  at  the  end  of  the  twenty-four  hours. 
This  was  attributed  to  the  development  of  brown  color  in  the  specimen,  due 
to  light,  so  that  extremely  slight  reactions  would  be  noticed,  which  were  over- 
looked in  the  fresh  yellow  specimens. 

CONCIvUSIONS. 

1.  The  remarkable  sensitiveness  of  the  urochromogen  reaction  as  com- 
pared with  the  diazo  reaction,  reported  by  some  workers,  is  due  in  large  part 
to  failure  to  exclude  the  normal  transient  reactions  found  in  normal  urines  and 
to  a  hesitancy  in  recording  slight  diazo  reactions. 

2.  The  urochromogen  is  somewhat  more  sensitive  than  the  diazo  if  the 
pink  foam  alone  is  considered  in  determining  the  presence  of  the  latter;  it  is 
equally  sensitive  to  the  diazo  if,  compared  with  all  reddish  reactions  in  the 
solution  of  the  latter,  and  less  sensitive  than  the  diazo  if  all  questionable  reddish 
solution  reactions  and  those  with  deep  brown  foam  are  added  to  the  latter. 

3.  The  difference  in  color  tone  and  permanency  of  reactions  affected  by 
various  proportions  of  reagent  and  urine  in  performing  the  urochromogen  test 
makes  it  imperative  that  the  test  be  standardized. 

4.  The  diazo  reaction,  if  studied  carefully  as  to  color  tone  of  both  foam 
and  solution,  will  give  us  considerably  more  information  than  the  urochro- 
mogen gives. 

5.  In  view  of  the  prevailing  confusion  in  the  matter  of  technic,  it  seems 
too  early  to  draw  conclusions  as  to  the  relative  prognostic  values  of  the  two 
reactions. 
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CASES  OF  INFECTION  TERMINATING  IN  SEPTICEMIA* 


By  Paul  G.   Woolley,  M.D.,   Cixcinxati,  Ohio. 


ONE  has  always  to  differentiate  between  primary  and  secondary  infections, 
just  as  one  must  recognize  localized  and  generalized  (septicemic)  infections. 
One  may  take  as  a  type  of  severe  primary  infection  erysipelas  which  may  or 
may  not  be  septicemic.  So  long  as  it  is  localized,  even  though  it  is  spreading, 
it  is  not  a  particularly  serious  affair,  but  let  the  organisms  gain  entrance  to  the 
blood  stream,  and  it  becomes  a  very  serious  menace  to  the  life  of  the  in- 
dividual. Erysipelas  may  also  be  secondary,  but  the  usual  cases  one  sees  are 
primary  in  the  usual  sense  of  the  word.  On  the  other  hand,  one  may  consider 
a  case  of  lobular  pneumonia  appearing  as  a  sequel  of  diphtheria.  The  pneumonia 
may  be  the  result  of  lowered  resistance  caused  by  the  attack  of  diphtheria,  or 
it  may  be  the  result  of  aspiration  of  materials  from  the  larynx  during  a  period 
of  partial  asphyxia  caused  by  the  presence  of  the  lar>mgeal  or  tracheal  mem- 
brane. In  either  case  the  pneumonia  is  secondary  whether  or  not  it  be  caused 
by  the  diphtheria  bacillus  or  some  other  more  frequent  pulmonary  invader. 

Again  we  recall  the  frequent  terminations  seen  in  connection  with  cases  of 
nephritis  in  which  the  final  stages  of  the  life  of  the  patient  are  marked  by  ap- 
pearance of  friction  rubs  in  evidence  of  pleuritis  or  pericarditis,  or  the  in- 
testinal upsets  indicative  of  the  too  frequent  pseudomembranous  enteritis.  Here 
we  are  dealing  with  what  has  been  called  a  terminal  infection  which,  in  the  re- 
duced state  of  the  patient's  resistance,  overwhelms  him  and  hastily  carries  him 
off.  Again,  w^hen  in  case  two  or  more  organisms  appear  in  a  lesion  we  speak 
of  mixed  infection  by  which  we  often  mean  that  we  are  not  able  to  determine 
which  of  the  germs  present  was  the  primary  invader. 

The  following  histories  illustrate  well  a  certain  type  of  infection  and  also 
they  illustrate  well  the  organic  and  tissue  changes  produced  by  two  organ- 
isms, streptococci  and  staphylococci,  in  septicemia. 

CASE    I. 

The  first  example  to  be  offered  exemplifies  the  type  of  severe,  essentially 
primar}^  streptococcus  infection,  which  became  a  mixed  infection  later,  but 
which  evidently  was  the  immediate  cause  of  death.  In  this  case,  as  is  fre- 
quently the  case,  there  was  no  demonstrable  localization  of  the  organisms 
which,  while  they  possibly  had  their  nidus  in  the  mouth  or  phar}mx,  gave  no 
definite  indication  of  such  a  localization  but  proceeded  to  grow  rapidly  and 
invade  the  blood  stream  by  which  they  were  generally  distributed. 

A.  R.,  Hospital  No.  1005,  was  admitted  to  tlie  Cincinnati  General  Hospital  on  April 
6.  1915.     He  died  on  April  12  of  the  same  year. 

Clinical   Notes. 

Complaint. — Pain,  whicii  at  times  is  sharp,  in  the  epigastrium  and  in  both  hypo- 
chondriac regions. 

•From  the  Pathological  Institute  of  the  Cincinnati  General  Hospital  and  the  Mary  M.  Emery  Depart- 
ment  of   Pathology   of   the   University   of   Cincinnati. 
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Family  History. — Irrelevant. 

Past  History. — The  patient  stated  that  he  had  not  had  the  common  diseases  of  child- 
hood. Seven  years  before  admission  he  had  been  operated  upon  for  a  left  inguinal  hernia. 
He  denied  venereal  disease,  but  said  he  smoked  and  chewed  tobacco  and  drank  beer  and 
whiskv'  to  excess  until  three  months  before  admission. 

Present  Illness. — Nine  days  before  admission  he  ran  up  a  flight  of  stairs  and  became 
suddenly  dyspneic.  He  went  home  and  shortly  thereafter  developed  the  pain  of  which  he 
complained.  For  seven  days  he  had  been  aware  of  the  rapid  beating  of  his  heart.  For 
this  he  had  seen  two  physicians  who  told  him  to  go  to  bed  and  remain  there.  He  was  not 
able  to  have  proper  care  at  home  and  came  to  the  hospital. 

Present  Condition. — The  patient  was  a  white  man,  young,  well-developed  and  well- 
nourished.  On  entrance  his  temperature  was  98.6,  pulse  168.  respiration  48.  He  was  dysp- 
neic, had  -a.  very  rapid  heart,  and  pain  in  the  upper  part  of  the  abdomen.  The  pupils 
reacted  to  light  and  during  accommodation.  The  conjunctivae  were  clear.  His  teeth  were 
part  false ;  those  remaining,  and  the  gums,  were  in  poor  condition  and  evidently  neglected. 
The  neck  was  not  evidently  abnormal.  The  chest  was  well  developed  ;  the  right  side  was 
more  prominent  than  the  left.  Anteriorly  the  percussion  note  was  somewhat  hyperresonant ; 
posteriorly,  at  the  right  base,  the  resonance  was  diminished,  and  the  tactile  fremitus  re- 
duced. Auscultation  showed  that  the  breath  sounds  were  roughened,  with  piping  rales 
over  the  left,  and  the  mucous  rales  from  the  scapular  angle  to  the  base  on  both  sides 
posteriorly.  The  heart  was  evidently  enlarged.  Dullness  was  marked  in  the  right  second 
interspace,  and  the  whole  right  border  of  the  heart  extended  beyond  the  normal  line.  Also, 
the  area  of  cardiac  dullness  extended  to  the  line  of  the  left  nipple.  The  heart  rate  was 
rapid  (168)  but  the  rhythm  was  regular,  and  at  the  systolic  orifice  there  was  evidence  of 
roughening  of  the  sounds.  The  lower  border  of  the  liver  was  palpable  below  the  costal 
margin.  There  was  no  abdominal  tenderness,  distension  or  rigidity.  In  the  left  inguinal 
region  was  the  scar  remaining  from  the  old  herniotomy.  There  was  no  edema  of  the  ex- 
tremities. The  genitals  were  not  abnormal.  Upon  the  back  there  were  a  number  of  macules 
showing  a  tendency  to  become  papular. 

The  third  day  after  admission  (April  9)  the  patient  was  cyanotic,  and  the  apex  beat 
was  plainly  visible.  On  auscultation  moist  rales  were  heard  everywhere,  especially  over 
the  left  lung.  The  pulse  rate  was  156.  Ten  ounces  of  blood  were  let  by  venesection. 
The  following  day  the  cyanosis  was  less  evident,  and  there  were  numerous  hyaline  casts 
in  the  urine.  On  the  next  day  the  general  condition  was  worse ;  there  was  edema  of  the 
lower  extremities,  severe  cyanosis.  The  urine  showed  abundant  hyaline  casts.  On  the 
following  morning  the  patient  died. 

Clinical  Diagnosis. — Acute  cardiac  dilatation;  mitral  insufficiency;  embryocardia ;  acute 
nephritis. 

Autopsy  Protocoi<. 

The  body  was  that  of  a  young  adult,  well-built  and  well-nourished  white  man,  5  feet, 
8  inches  long,  and  apparently  about  30  years  of  age.  He  had  a  scanty  beard.  The  pupils 
were  equally  and  moderately  dilated.  Rigor  mortis  was  present,  and  postmortem  lividity 
was  vivid.  The  whole  body,  especially  the  upper  half  was  tremendously  cyanotic,  and 
scattered  over  the  body,  but  especially  over  the  thorax,  particularly  over  the  back,  were 
numerous  small  hemorrhagic  lesions,  most  of  them  drying  and  crusted,  which  in  some  re- 
spects resembled  the  lesions  of  a  malignant  scarlet  fever.  On  the  outer  surface  of  the 
right  arm,  at  a  point  about  the  middle,  was  a  subcutaneous  nodular  mass  that  had  some- 
thing the  appearance  and  feel  of  a  lipoma,  but  which  seemed  to  fluctuate,  and  which,  on 
section,  proved  to  be  an  abscess  filled  with  a  thick  greenish-yellow  pus.  Smears  showed 
staphylococci  present  and  cultures  proved  these  to  be  the  Staphylococcus  pyogenes  albus. 
When  the  body  was  turned  on  the  side,  a  large  amount  of  clear,  sanguineous  fluid  ran  from 
the  nose  and  mouth,  and  this  was  followed  by  a  clear  thin  mucoid  fluid  containing  material 
which  looked  like  coffee  grounds. 

The  face  had  a  generally  swollen  appearance  as  had  the  wliolc  body,  and  this  was 
especially  marked  in  the  neck.  There  seemed  to  be  evidence,  to  the  eye,  of  i>.  general 
edema,  and  yet  there  was  very  little  pitting  on  pressure  but  only  local  pallor.  The  neck  and 
the  back  of  the  head,  including  the  ears,  were  a  deep  purple  color.  On  the  inner  aspect 
of  the  left  elbow  was  a  wound  caused  by  a  hypodermic  needle.  Seven  cm.  medianly  from 
the  left  nipple  was  another  punctured  wound  (hypodermic)  which  led  to  an  area  of 
hemorrhage  in  the  great  pectoral  muscle.  There  was  the  slightest  edema  of  tlic  legs.  The 
peripheral  lym])h   glands   were  prdpaMc  but    not    cnlargt'd    n'iu;irkal)l\-. 
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The  median  section  showed  that  the  muscles  and  subcutaneous  tissues  were  exceed- 
ingly edematous  and  that  the  greenish  colored  fat  was  the  seat  of  a  serous  infiltration. 
In  the  abdomen  there  were  600  c.c.  of  a  cloudy  serous  fluid.  The  diaphragm  reached  to 
the  lower  edge  of  the  6th  rib  on  the  left  and  to  the  upper  border  of  the  6th  rib  on  the 
right.  Both  pleural  cavities  were  filled  with  a  clear  sero-sanguineous  fluid.  Just  beneath 
the  ensiform  and  reaching  a  centimeter  or  more  below  it,  was  a  mass  of  tissue  which  in 
general  structure  resembled  jaundiced  salivary  gland  tissue.  Part  of  it  also  resembled  to 
the  eye,  Ij-mph  glandular  tissue.  Upon  investigation  it  was  found  that  this  tissue  was  a 
part  of  a  mass  of  tissue  which  ran  upward  into  the  thymus  region  and  that  it  was  con- 
tinuous with  what  seemed  to  be  the  thymus  itself.  In  the  thymus  region  there  was  no  dis- 
tinct line  to  be  seen  between  thymus  tissue  and  adiposa,  (because  of  hemolytic  changes) 
but  about  the  trachea  and  in  the  upper  mediastinum,  this  tissue  formed  a  mass  that  weighed 
perhaps  50  grams.  From  it  there  ran  down  over  the  pericardium,  a  wide,  thin  mass  of  the 
same  tissue,  which  divided  at  about  the  upper  end  of  the  area  of  absolute  cardiac  dullness 
to  run  laterally  on  either  side,  parallel  to  and  just  beneath  the  median  edges  of  the  lungs 
to  the  diaphragm  when  again  the  volume  of  the  tissue  was  increased.  This  tissue  and  all 
the  mediastinal  tissues  were  exceedingly  edematous  and  gelatinous  in  appearance.  In 
the  thymus-like  material  which  completely  surrounded  the  trachea  just  above  the  bifurca- 
tion, the  tissue  was  infiltrated  difl^usely  with  a  thin  sero-purulent  fluid  which  contained 
capsulated  Gram-positive  diplococci,  short  chains  of  streptococci  and  small  clumps  of 
staphylococci.  There  were  no  fusiform  organisms  nor  spirochetes  present.  The  trachea, 
larynx,  tongue  and  tonsils  were  removed  en  masse,  and  except  for  edema  of  the  perilaryn- 
geal tissues,  showed  nothing  except  an  intense  congestion  and  cyanosis.  This  was  so 
severe  that  the  thyroid  appeared  to  be  the  seat  of  an  acute  inflammation.  The  peritracheal 
and  bronchial  glands  were  hyperplastic  and  moist.  The  tonsils  showed  no  evident  ab- 
normality other  than  atrophy.  The  teeth  were  not  exceedingly  bad,  but  there  were  some 
bridges  and  the  upper  incisors  were  false. 

When  the  thorax  was  opened,  the  lungs  did  not  collapse.  Over  the  middle  third  of 
the  upper  left  lobe,  on  the  pleura,  was  an  area  measuring  roughly  4.5  cm.  in  diameter, 
which  was  congested  and  the  surface  of  which  was  covered  with  a  scanty  recent  fibrinous 
exudate.  Again,  over  the  middle  third  of  the  anterior  half  of  the  left  upper  lobe  was  a 
similar  but  less  definitely  defined  area  of  the  same  character.  The  upper  four-fifths  of  the 
left  upper  lobe  was  almost  completely  consolidated,  and  on  section  had  the  appearance  of 
a  massive  red  hepatization  modified  by  unusual  edema,  and  hemolysis.  The  blood  vessels 
leading  to  this  area  were  all  patent.  Except  that  the  process  was  less  advanced,  the  right 
lung  showed  the  same  general  appearance.      (Weights,  left  lung,   1750;   right,    1450.) 

The  pericardium  contained  an  increase  of  cloudy  serous  fluid.  There  was  a  large 
edematous  milk  spot  over  the  left  ventricle  near  the  apex,  and  a  small  one  in  the  usual 
place  over  the  right  ventricle.  In  the  pericardium  over  the  base,  were  very  numerous 
petechiae.  The  heart  was  large,  but  was  not  weighed.  The  myocardium  was  only  mod- 
erately hypertrophied  but  the  cavities  were  much  dilated.  The  orifices  also  were  dilated 
and  in  this  the  pulmonary  participated.  The  myocardium  was  pale  and  evidently  the  seat 
of  fragmentation.  The  valves  were  not  abnormal.  There  was  no  essential  thickening 
and  no  vegetation  on  any  leaflet  or  segment.  The  aorta  was  smooth  and  not  sclerotic. 
The  endocardium,  including  the  valves  and  the  aortic  intima,  was  stained  with  the  prod- 
ucts of  hemolysis.  Between  the  columnae  carnese  of  the  left  ventricle  were  numerous  glob- 
ular mural  thrombi  all  of  them  with  softened  grumous  centers. 

The  spleen  (230  grms.)  was  adherent  by  old  adhesions  to  all  the  surrounding  or- 
gans. It  was  slightly  enlarged,  firm,  moderately  edematous,  uniformly  grayish-brownish 
red  in  color,  not  softened  and  the  glomeruli  were  not  distinct. 

The  liver  (2116  grms.)  was  enlarged.  The  anterior  surface  showed  a  well  marked 
capsular  thickening,  so  diffuse  that  only  occasionally  could  one  see  the  color  of  the  liver 
substance  through  small  clefts  in  the  hyaline  membrane.  On  cross  section  the  organ 
showed  a  typical  nutmeg  appearance. 

The  pancreas  was  slightly  congested  but  otherwise  not  apparently  abnormal. 

The  kidneys  were  large  (right,  225  grms.;  left,  295)  and  moderately  congested  and 
extremely  cloudy.  The  capsules  removed  with  ease  for  the  most  part,  though  the  cortex 
was  torn  in  a  few  places.  The  stellate  veins  were  only  occasionally  dilated.  The  line  of 
demarkation  between  cortex  and  medulla  was  only  moderately  distinct.  The  cortex  and 
medulla  were  both  congested,  the  medulla  rather  more  so.  The  glomeruli  were  not  dis- 
tinct.    The  cortex  was  thickened  (9  mm.)     The  pelvis  and  ureters  were  normal. 
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The  adrenals  showed  nothing  remarkable  other  than  congestion.  They  were  of  nor- 
mal size. 

The  mesentery  was  quite  edematous  and  on  section  had  somewhat  the  same  appear- 
ance as  the  mediastinal  (thymus?)  tissue.  The  lymph  glands  were  pale  and  juicy,  but  not 
hyperplastic. 

The  large  bowel  was  filled  with  firm,  rounded  fecal  masses.  The  appendix  appeared 
to  be  normal.  There  was  no  abnormality  of  position  of  the  abdominal  organs.  The  stom- 
ach was  filled  with  a  large  amount  of  thin  fluid,  dark  grayish-green  in  color,  in  which 
were  large  solid  coagula  of  milk.  There  was  a  moderate  grade  of  chronic  catarrhal  gas- 
tritis evident.  The  gall  ducts  were  patent.  The  papilla  of  Vater  was  apparently  normal. 
The  gall  bladder  contained  a  fair  amount  (50  c.c.)  of  a  mucoid  brownish-green  bile  with 
no  stones  or  sand. 

Nothing  abnormal  was  observed  in  the  small  intestines,  but  in  the  large  bowel  the 
lymph   follicles  were  diffusely  enlarged  and  congested. 

The  genital  tract  seemed  normal. 

The  brain  (1625)  showed  intense  congestion  of  the  pial  vessels  together  with  a  marked 
edema.  There  was  no  evidence  of  meningitis.  The  spinal  fluid  was  increased  in  volume. 
There  were  no  other  lesions  observable.     The  pituitary  appeared  to  be   normal. 

Anatomic  Diagnosis. — Cervical  (peritracheal)  and  upper  mediastinal  cellulitis;  Sep- 
ticemia ;  Generalized  edema ;  Cardiac  hypertroph\' ;  Cardiac  thrombi ;  Cardiac  dilatation ; 
Acute  pseudolobar  pneumonia ;  Pulmonar}-  edema ;  Splenic  and  hepatic  hyaloserositis  ;  Pas- 
sive congestion  of  the  liver,  lungs,  kidneys,  stomach,  intestines  and  spleen;  Acute  pleuritis ; 
Abdominal  pleural  and  pericardial  effusion ;   Chronic  and  acute  diffuse  nephritis. 

In  this  case  we  seem  to  see  an  illustration  of  the  malignant  course  of  an 
infection  which  progressed  without  any  definite  localizing  onset.  The  cHnical 
history  is  brief,  to  be  sure,  and  perhaps  imperfect.  There  is  no  history  of  sore 
throat  nor  of  pain  in  the  neck.  The  teeth  were  in  a  foul  condition  beneath  the 
bridges.  The  infection  commenced  insidiously,  causing  cyanosis  and  epigastric 
pain.  Even  at  this  time  the  myocardium  was  evidently  damaged,  and  then  later 
came  the  evidences  of  pulmonary  and  renal  involvement.  The  main  organism 
in  this  was  evidently  the  streptococcus  longus  or  hemolyticus.  The  staphy- 
lococcus was  a  secondary  invader,  possibly  from  the  skin  lesion  on  the  arm, 
and  the  gram-positive  diplococci  possibly  of  pulmonary  origin,  and  may  be 
looked  upon  as  producing  a  terminal  infection. 

CASE   II. 

This  case  is  a   typical   one  due  to   pure   infection   with   the    Streptococcus 

hemolyticus. 

Clinical  Notes. 

W.  P.,  a  white  man  aged  71,  was  admitted  to  the  Cincinnati  Hospital  on  Jul>  8,  1916. 
He  died  on  July  10,  1916.  At  the  time  of  admission  he  had  a  normal  temperature,  though 
the  face  was  marked  with  the  erythema  of  early  erysipelas.  He  gave  a  history  of  having 
been  drinking  a  good  deal.  At  the  time  of  admission  his  lungs  were  clear.  The  heart 
rate  was  increased,  and  the  heart  was  slightly  enlarged.  There  was  a  definite  accentuation 
of  the  second  mitral  sound.  That  afternoon  and  the  following  day  the  temperature  be- 
came elevated,  and  there  was  some  slight  roughening  of  the  breath  sounds  over  the  upper 
part  of  the  left  lung,  but  no  rales  were  heard.  During  the  day  the  temperature  remained 
high  and  the  patient  became  restless.  At  the  same  time  the  face  become  more  swollen 
and  the  inflammation  appeared  to  be  extending  to  the  neck  which  sliowed  some  erythema. 
On  the  following  day  at  8  o'clock  a.  m.,  the  temperature  was  101.8  F.,  the  respirations 
were  increased,  the  neck  was  swollen  and  the  inflammation  had  extended  toward  the  thorax. 
At  this  time  the  patient  commenced  to  have  difficulty  in  swallowing.  Also,  the  respiratory 
sounds  over  the  upper  left  chest  were  more  roughened  and  there  were  a  few  moist  rales. 
At  1 :30  p.  m.  the  patient  appeared  cyanotic,  respiration  was  quickened  and  the  pulse  was 
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very    rapid    and   compressible.      Large   moist   rales   were   heard    over   both    lungs    but   espe- 
cially over  the  left.     In  spite  of  stimulation,  temperature,  pulse  and  respirations  rose,  and 
the  patient  became  progressively  weaker  and  died  at  8  p.  m. 
The  Clinical   Diagnosis  was  erysipelas. 

Autopsy  Protocol   (M.  C). 

The  body  was  that  of  a  slenderly  built,  fairly  well  nourished  white  man  apparently 
about  50  years  old.  Rigor  mortis  and  posterior  lividity  were  present.  The  face,  neck  and 
scalp  were  tremendously  swollen.  The  eyelids  were  swollen  shut  and  the  surface  of  each 
lid  presented  a  superficial  excoriation  which  extended  along  the  margin.  The  pupils  were 
equal,  there  was  a  beginning  cataract  in  each  eye  and  a  well  marked  arcus  senilis.  All  the 
tissue's  in  the  region  of  the  face  and  neck  felt  boardlike,  the  skin  was  excoriated  and,  espe- 
cially over  the  anterior  surface  of  the  neck,  the  superficial  layer  of  epidermis  was  entirely 
missing.  There  was  a  diffuse  reddish-purple  discoloration  over  the  entire  face  and  neck. 
This  boardlike  thickening  and  discoloration  involved  the  mouth  on  the  right  side.  The 
teeth  were  almost  all  gone  and  those  which  remained  were  carious  and  necrotic.  The 
gums  were  in  a  fair  condition.  The  appendix  was  in  situ,  lying  free  directly  behind  the 
cecum.  There  was  nothing  unusual  about  the  arrangement  of  the  intestines  and  no  evi- 
dence of  any  inflammatory  process  in  the  peritoneal  cavity.  The  omentum  extended  like 
an  apron  across  the  upper  abdomen. 

When  the  thorax  was  removed,  the  lungs  did  not  collapse.  Both  pleural  cavities, 
more  particularly  the  left,  were  almost  completely  obliterated  by  dense  fibrous  adhesions 
everywhere.     In  the  pericardial  sac  there  was  about  50  c.c.  of  a  clear,  straw-colored  fluid. 

When  the  calvarium  was  removed,  the  dura  was  not  unusually  adherent.  There  was 
an  increase  in  cerebrospinal  fluid  which,  however,  was  clear.  The  surface  of  the  brain 
was  very  edematous  and  the  vessels  were  all  congested  and  engorged.  The  vessels  at  the 
base  of  the  brain  were  markedly  sclerosed.  There  were  some  old  adhesions  between  the 
upper  lobe  and  the  diaphragm. 

The  heart  was  slightly  larger  than  normal  and  dilated  on  the  right  side.  The  mitral 
valve,  except  for  a  few  areas  of  fatty  degeneration  at  the  base,  was  apparently  competent 
and  healthy.  The  tricuspid  and  pulmonary  valves  were  apparently  healthy.  There  were 
a  few  calcareous  placques  in  the  sinuses  of  Valsalva  near  the  base  of  the  aortic  valve,  but 
the  leaflets  were  thin  and  the  valve  apparently  competent.  There  was  a  well  marked  fibrosis 
of  the  papillary  muscles  and  of  the  mural  myocardium.  The  aorta  was  remarkably  healthy 
for  the  age  of  the  individual  and  was  marked  only  here  and  there  by  areas  of  fatty  change. 

The  right  lung  was  rather  voluminous  and  felt  boggy  although  it  crepitated  in  its 
entirety.  There  were  the  tags  of  many  old  adhesions  throughout  the  pleura  and  beneath 
the  pleura  were  numerous  shotlike  areas  which  evidently  represented  calcareous  obsolescent 
tubercles.  The  cut  surface  was  moist  and  in  the  dependent  portions  bright  red  and  con- 
gested. There  were  no  areas  of  consolidation.  The  left  lung  was  almost  completely 
destroyed  in  removing  it.  Throughout  the  substance  of  the  organ  one  could  feel  very 
numerous  obsolescent  tubercles.     Otherwise  the  tissue  was  merely  edematous  and  congested. 

The  liver  was  of  fair  size  and  felt  rather  firm.  There  were  old  adhesions  between 
the  diaphragm  and  the  upper  surface  of  the  right  lobe  which  was  scarred.  The  entire 
capsule  was  diffusely  marked  with  fibrotic  lines.  There  was  a  groove  running  longitudinally 
in  the  middle  of  the  ventral  surface  of  the  right  lobe,  which  was  2  cm.  deep  and  9  cm. 
long.  On  cross  section,  the  organ  appeared  cloudy  and  was  only  slightly  congested.  The 
gall  bladder  contained  about  20  c.c.  of  rather  sticky,  brownish-yellow  mucoid  bile,  and  no 
calculi.     The  mucosa  was  apparently  thickened. 

The  right  kidney  was  about  normal  in  size.  The  capsule  split  in  removing  and  when 
finally  removed  left  a  surface  which  was  more  or  less  torn  and  roughened.  The  organ  was 
very  firm  to  the  feel.  On  cross  section,  the  cortex  was  somewhat  thinner  than  normal. 
The  glomeruli  and  interlobular  vessels  were  slightly  congested  and  there  was  a  diffuse 
fibrosis  throughout  the  entire  organ.  The  left  kidney  was  slightly  larger  than  the  right. 
There  were  several  retracted  areas  which  were  purple  in  color  upon  the  outer  surface  of 
the  cortex,  otherwise  the  organ  resembled  the  right. 

The  spleen  was  small,  slate  color,  and  on  section  showed  nothing  abnormal. 

There  were  no  noticeable  lesions  in  the  other  organs. 

Anatomic  Diagnosis. — Diffuse  cellulitis  of  the  head  and  neck  (erysipelas)  ;  Edema  and 
congestion  of  the  brain;  Hypertrophy  and  dilatation  of  the  heart;  Fibrosis  of  the  myo- 
cardium; Chronic  difi^use  nephritis  (arteriosclerotic  type);  Peripheral  arteriosclerosis; 
Pleural  adhesions;  Obsolescent  pulmonary  tuberculosis;  Edema  and  congestion  of  the  lungs. 
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In  this  case  we  have  an  example  of  an  infection  severe  in  degree  and 
rapidly  becoming  septicemic.  In  this  case,  as  in  the  previous  one,  the  starting 
point  was  not  discovered,  and,  in  fact,  it  not  infrequently  happens  in  erysipelas 
that  the  portal  of  infection  remains  hidden.  It  is  possible  that  the  disease 
originated  from  the  teeth,  or,  it  may  be,  that  it  came  from  one  of  the  nasal 
cavities.  A  general  discussion  of  the  origin  of  this  disease  has  been  given  by 
Holmes.^  For  the  rest,  it  is  remarkable  how  little  visible  general  organic  dam- 
age is  caused  in  these  cases.  Certainly  the  heart  was  poisoned — the  dilatation 
is  evidence  of  that,  but  aside  from  a  rather  moderate  edema  there  was  little 
change  in  the  other  tissue  which  could  be  attached  to  the  streptococcic  infec- 
tion. 

In  a  sense  this  case  represents  also  one  of  terminal  infection  in  an  in- 
dividual weakened  by  alcohol.     It  is  in  such  cases  that  erysipelas  is  most  fatal. 

CASE   III. 

This  case  exemplifies  the  occasional  fate  of  the  body  in  staphylococcus  in- 
fections. 

Clinical  Notes. 

A.  G..  a  white  boy,  10  years  old,  was  admitted  to  the  Cincinnati  General  Hospital  on 
July  2,  1916.     He  died  the  following  day.     The  following  meager  history  was  obtained: 

At  the  age  of  3  years  he  had  had  "hip  joint  disease,"  by  which  was  meant  that  one 
of  his  legs  appeared  short  and  painful,  and  produced  a  limp.  This  lasted  one  month.  At 
the  age  of  9,  he  had  measles.  During  the  past  year  he  was  struck  in  the  abdomen  by  a 
swing,  since  which  accident  he  has  complained  of  burning  pain  on  urination.  Also  since 
he  was  ten  years  old  he  was  struck  by  a  motor  cycle,  receiving  a  slight  scalp  wound.  He 
has  a  history  of  being  awkward,  of  stumbling  over  and  bumping  into  things. 

Six  days  before  admission  while  at  the  playground,  he  was  pushed  into  the  water. 
He  lit  on  his  feet.  The  following  day  he  was  somewhat  lame.  The  next  day  the  pain 
in  the  hip  was  severe  and  the  leg  was  swollen.  Two  days  later  he  was  delirious,  so  his 
people  said,  and  a  physician  was  called.  During  that  night  and  the  next  daj'  the  thigh 
became  reddened  and   superficial  vesicles  appeared  over  it. 

When  he  was  admitted  he  had  not  urinated  for  24  hours  and  his  bowels  had  not 
moved  for  four  days.     No  other  data  were  given  in  the  clinical  history. 

Autopsy  Protocol  (J.  S.). 

The  body  was  that  of  a  fairly  well  developed,  fairly  well  nourished,  white  boy,  ap- 
parently 14  years  of  age.  Postmortem  rigidity  was  present  in  the  legs  but  was  passing 
away  in  the  arms.  Lividity  was  well  marked  over  the  dependent  portions  of  the  back.  At 
the  outer  angle  of  the  right  eye  and  beneath  the  right  eye,  there  was  some  subcutaneous 
extravasated  blood.  The  pupils  were  equal  and  neither  dilated  nor  contracted.  On  the 
whole  anterior  surface  of  the  right  thigh  and  the  left  elbow,  there  were  some  small  ec- 
chymotic  areas.  Over  the  right  elbow  there  was  a  small  superficial  abrasion.  The  right 
leg  from  Poupart's  ligament  to  about  2  inches  above  the  knee  was  larger  than  the  left 
and  on  the  external  aspect  of  the  thigh,  2  inches  below  the  anterior  superior  spine,  were 
numerous  (about  5)  vesicles  containing  a  clear  fluid.  The  abdomen  was  slightly  distended. 
There  was  very  little  subcutaneous   fat  but  the  muscles  were  well  developed. 

When  the  sternum  was  removed,  the  lungs  partially  collapsed.  There  was  no  excess 
of  pleural  fluid.  The  pericardial  fluid  was  slightlj'  increased,  was  cloudy  and  straw-colored 
and  contained  small  floccules  of  fibrin.  The  intestines  were  distended  with  gas.  The 
appendix  was  in  situ.  The  peritoneum  was  smootli.  The  mesenteric  glands  were  slightly 
enlarged  to  about  the  size  of  a  bean. 

On  the  outer  lateral  aspect  of  tlic  right  lung,  there  was  a  thin  sero-fibrinous  exudate, 
slightly  adlierent.  On  the  corresponding  area  on  the  parietal  pleura  there  was  a  similar 
exudate.     Over  the  lateral  Ixjnh'r  of  tlic  ujipir  lol)e  tliore  was  a  small   area   which  did   not 

'Holmes:   cf.    MacCallum,    Tcxllx.ok   ol    I^•llll..l,,K^v,    I'liila.,    ]•>](,.    \<.    4'»J. 
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crepitate  and  in  which  there  was  a  small  abscess.  The  tissues  surrounding  this  area  were 
deeplj-  congested.  The  lower  border  of  the  lower  lobe  was  deeply  congested,  and  small 
pieces  sank  in  water.  The  upper  lobe  showed,  near  the  apex,  another  small  abscess  the 
surface  of  which  was  covered  by  a  fibrinous  exudate.  Except  for  these  areas,  the  lung 
crepitated  throughout  and  showed  merely  congestion.  The  left  lung  had  no  fibrinous 
pleuritic  exudate  and  crepitated  throughout  except  for  two  or  three  small  shotty  areas 
which  on  section  proved  to  be  obsolescent  tubercles.     The  apex  was  scarred. 

The  heart  was  of  normal  size  and  contained  upon  its  surface  a  fine  granular  sero- 
fibrinous exudate  which  was  slightly  adherent  and  when  removed  left  a  granular  surface. 
This  exudate  was  equally  distributed  over  the  right  heart.  The  heart  was  firmly  contracted 
and  the  various  cavities  contained  mixed  clots.  All  of  the  valves  were  healthy.  The  myo- 
cardium was  pale  but  showed  no  abnormality.  The  foramen  ovale  was  covered  by  a  thin 
membrane  which  could  be  pushed  aside  leaving  an  opening  about  the  size  of  a  lead  pencil. 

The  liver  was  of  normal  size,  cut  easily,  the  edges  turning  out.  The  organ  was 
of  a  deep  red  purplish  color  with  mottled  yellowish  areas.  The  parenchyma  was  some- 
what congested  and  showed  areas  of  fatty  change. 

The  spleen  was  of  normal  size,  its  surface  perfectly  smooth,  it  cut  easily  and  the  cut 
surface  showed  well  marked  Malpighian  corpuscles  and  some  slight  increase  in  fibrous 
tissue. 

The  kidneys  were  of  normal  size,  pale  in  color,  cut  easily  and  showed  pale  surfaces. 
The  cortices  were  well  marked  off  from  the  medulla.  The  glomeruli  showed  as  fine  glisten- 
ing points.  Throughout  the  parenchyma  there  were  scattered  fine  abscesses  varying  in 
size  from  a  pinpoint  to  2  mm.  in  diameter.  The  capsule  stripped  with  ease,  showing  deeply 
congested  stellate  veins   and  numerous   small  subcapsular  abscesses. 

The  brain  was  deeply  congested  but  not  edematous  and  was  preserved  in  formalin 
for  further  section. 

The  entire  gastrointestinal  tract  was  apparently  healthy  except  for  a  slight  congestion 
in  the  stomach  and  duodenum  with  a  few  pinpoint  submucous  hemorrhages  near  the  pylorus. 

On  section,  the  medullary  cavity  of  the  right  femur  was  deeply  congested  and  in- 
flamed. The  process  had  not  as  yet  gone  on  to  pus  formation.  The  hip  joint  contained 
a  small  amount  of  thin  purulent  material. 

Anatomic  Diagnosis. — Acute  osteomyelitis;  Acute  purulent  arthritis;  Acute  septico- 
pyemia ;  Acute  pulmonary  and  renal  abscesses ;  Acute  fibrinous  pleuritis  and  pericarditis ; 
Cloudy  swelling  and  congestion  of  the  liver;  Congestion  of  the  brain;  Acute  cellulitis  of  the 
right  thigh  ;   Multiple  contusions  and  abrasions. 

In  this  case  a  trauma,  not  of  a  severe  nature,  furnished  the  starting  point 
for  the  localization  of  staphylococci  which  were  floating  in  the  blood  stream. 
Evidently  these  organisms  attacked  the  joint  and  the  medulla  of  the  bone,  and, 
being  of  a  virulent  type,  rapidly  spread  to  the  periarticular  and  periosseous 
tissues  and  produced  a  well  marked  cellulitis.  At  the  same  time  they  invaded 
the  blood  stream  in  large  numbers  and  in  transit  through  the  organs  of  the 
body,  many  of  them  became  lodged,  especially  in  the  lungs  and  kidneys  where 
they  produced  typical  focal  lesions — metastatic  abscesses,  evidence  of  septico- 
pyemia, and  in  the  pericardium  where  they  set  up  an  acute  inflammation. 

CASE   IV. 

This  case  illustrates  the  somewhat  slow  progress  of  a  serious  infection 
terminating  in  septicemia. 

Clinical  Notes. 

B.  T.,  a  negress  of  30  years,  was  admitted  to  the  Cincinnati  General  Hospital  on 
June  4,  1916.  She  died  six  days  later.  The  following  history  was  elicited  :  Three  weeks 
before  admission  the  patient  missed  her  menstrual  period.  Four  days  later  she  took  10 
grams  of  quinine  and  a  glass  of  whisky,  and  then,  a  day  or  two  later,  the  flow  com- 
menced. During  the  following  five  days  she  passed  a  few  blood  clots.  Since  that  time 
she  has  had  no  bleeding,  but  has  had  a  yellowish  discharge  from  the  uterus.  Soon  after 
the  menstrual  flow  was  re-established  she  had  chills  and   fever,   and  her   feeling  of  illness 
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kept  her  more  or  less  confined  to  her  bed.  About  a  week  before  admission  she  developed 
pain  in  both  sides  of  the  neck  and  in  the  left  posterior  occipital  region,  and  at  that  time 
she  also  complained  of  pain  "all  around  the  inside  of  her  head."  During  the  three  weeks 
previous  to  admission  she  vomited  frequently.  The  day  before  admission  she  was  attacked 
by  lachrymation  in  the  left  eye.  The  conjunctiva  rapidly  became  bloodshot  and  before  noon 
the  vision  was  dim.     This  was  accompanied  by  severe  pain. 

Previous  to  this  illness  the  patient  had  been  well.  She  was  married  in  1910,  and  had 
one  child  living  and  well.  Her  husband  was  well.  She  denied  venereal  disease,  but  for 
five  years  had   had   a   leucorrhoea. 

On  admission  her  temperature  was  104.8,  pulse  104,  respirations  36.  She  was  weak, 
fairly  well  developed,  and  not  extremely  toxic  in  appearance.  The  right  eye  was  rather 
dull,  but  the  pupil  reacted  to  light  and  during  accommodation.  The  left  cornea  was  bulg- 
ing, covered  with  pus  and  was  opaque.  The  conjuncti\'a  was  filled  with  pus  and  was  con- 
gested. The  ears  and  neck  showed  nothing  unusual ;  the  cervical  glands  were  palpable. 
The  tongue  was  coated,  the  papillae  slightly  enlarged,  the  breath  foul,  and  there  were 
petechial  hemorrhages  in  the  mucosa.  The  teeth  were  in  bad  condition  and  the  gums  were 
pyorrhoeic.     The  tonsils   were  small. 

The  thorax  was  well  developed,  and  resonance  and  expansion  were  good.  In  the  left 
lung  there  were  a  few  high-pitched  rales  on  expiration. 

Examination  of  the  heart  showed  an  even  rhythm,  but  fast  rate,  and  everywhere  sys- 
tolic and  diastolic  murmurs  were  heard,  with  a  suggestion  of  a  friction  rub.  The  pulses 
were  equal  and  regular,  but  not  full. 

Nothing  noteworthy  was  discovered  in  examining  the  abdomen. 

Pelvic  examination  showed  a  muciparous  perineum.  The  uterus  was  enlarged  to  the 
size  of  one  at  the  second  month  of  pregnancy.  It  was  retroverted  one  degree,  and  was 
difficult  to  outline.  The  cervix  was  torn  bilaterally,  and  was  somewhat  softened.  The  os 
was  open.  The  vaults  were  free  and  not  tender.  There  was  a  considerable  cheesy  dis- 
charge  from   the  uterus. 

The  urine  was  clear,  tea-colored ;  specific  gravity  1005 ;  acid  in  reaction ;  no  sugar  or 
albumin ;  a  few  hyaline  and  many  granular  casts ;  and  some  pus  cells. 

On  the  day  following  admission,  the  uterus  was  cleaned  out.  The  cervix  was  found 
closed  and  in  normal  position.  After  dilatation  some  tissue  the  size  of  a  prune  was  re- 
moved. The  uterus  was  washed  out  with  sterile  water  and  with  sterilizing  solution  and 
then  packed  with  iodoform  gauze.  The  tissue  from  the  uterus  proved  to  be  almost  com- 
pletely necrotic  material  with  a  few  remnants  of  chorionic  villi.  The  blood  taken  from  a 
vein  on  the  day  of  the  operation  gave  a  negative  Widal  but  gave  a  pure  culture  of  strepto- 
coccus. 

The  following  day  the  packing  was  removed  and  the  uterus  was  irrigated.  At  this 
time  the  patient  was  very  nervous  and  weak  and  had  a  temperature  of  105  F.  On  the  next 
day  the  right  eye  showed  evidence  of  ophthalmitis,  and  the  general  condition  of  the  pa- 
tient remained  as  on  the  previous  day.  The  next  day  Cheyne-Stokes  breathing  was  pres- 
ent, and  two  days  later  the  patient  died  in  coma. 

Clinical  Diagnosis. — Self-induced  abortion;  General  sepsis;  Panophthalmitis  (left); 
Sympathetic  conjunctivitis   (right)  ;  Pelvic  peritonitis. 

Autopsy  Protocol  (L.  M.). 

The  body  was  that  of  a  well  nourished,  brown-skinned  negress  about  the  age  of  30. 
Neither  postmortem  rigidity  nor  lividity  was  present.  The  pupil  of  the  right  eye  was  dilated. 
There  was  evidence  of  an  infection  in  the  deeper  structures  of  the  left  eye.  The  cornea  was 
totally  destroyed,  the  eyeball  atrophied  and  there  was  a  slight  congestion  of  the  scleral 
conjunctiva. 

The  subcutaneous  fat  was  much  increased  and  the  skeletal  muscles  were  well  de- 
veloped. On  opening  the  chest,  the  lungs  were  somewhat  collapsed  and  there  was  no  free 
fluid  in  either  pleural  sac.  The  pericardium  was  free  and  contained  no  abnormal  amount 
of  fluid.  The  omentum  contained  a  fair  amount  of  fat,  and  was  adherent  by  fresh  fibrin- 
ous adhesions  to  the  distended  intestines.  Throughout  the  entire  abdomen,  the  intestines 
were  adherent  to  the  surrounding  structures  and  to  each  other  by  fresh,  fibrinous  ad- 
hesions. The  spleen  was  adherent  in  like  manner  to  the  under  surface  of  the  diaphragm, 
as  was  also  the  liver.  In  the  cul-dc-sac  of  Douglas,  tliere  was  an  abscess,  walled  off. 
containing  a  greenish-yellow  pus. 

The  right  lung,  of  a  bluish-gray  color,  was  free  from  adhesions  and  crepitated  througli- 
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out.  The  cut  surface  was  rather  pale  in  appearance,  and  appeared  healthy  except  for  a 
moderate  congestion  in  the  base.     The  left  lung  was  similar  to  the  right. 

The  heart  was  of  normal  size  and  surrounded  by  an  increased  amount  of  pericardial 
fat.  The  right  side  was  sHghtly  dilated.  On  one  ,of  the  leaflets  of  the  mitral  valve,  there 
\vas  formed  a  vegetation  and  ulceration  such  that  the  leaflet  was  almost  destroyed.  The 
remaining  valves  showed  nothing  abnormal.  The  myocardium  was  pale  in  appearance,  but 
there  was  no  gross  pathological  change.  The  coronary  orifices  were  patent,  and  the  cor- 
onaries  appeared  healthy,  as  did  also  the  aorta. 

The  liver  was  slightly  larger  than  normal,  of  a  reddish  hue,  and  fairly  firm  in  con- 
sistence. The  organ  cut  with  sHghtly  lessened  resistance,  and  had  a  cloudy  grayish  ap- 
pearance.    There  was   no   evident  increase  in   fibrous  tissue 

The  spleen  was  about  twice  its  normal  size,  rather  soft  to  the  feel,  and  on  its  upper 
surface,  beneath  the  capsule,  ^\^s  a  roughly  triangular,  reddish-blue  area,  about  2  cm.  along 
its  base  and  1  cm.  along  the  perpendicular.  There  were  three  other  such  areas  scattered 
beneath  the  capsule.  On  section  these  were  found  to  be  in  the  substance  of  the  spleen,  and 
to  be  of  the  same  consistence  throughout.  The  cut  surface  of  the  spleen  was  a  dark 
purple  color,  and  very  pulpy  throughout.     The  Malpighian  bodies  were  not  visible. 

The  right  kidney  was  of  about  normal  size,  and  surrounded  with  a  slight  increase 
of  perirenal  fat.  On  the  outer  surface  there  was  an  area  somewhat  similar  to  those  seen 
in  the  spleen,  and  extending  likewise  into  the  substance  of  the  kidney.  The  capsule  stripped 
with  fair  ease,  the  surface  beneath  being  smooth  and  the  stellate  veins  very  slightly  con- 
gested. The  cortex  was  somewhat  thicker  than  usual,  of  a  grayish  red  color,  and  the 
line  of  demarcation  between  medulla  and  cortex  was  rather  indistinct.  The  glomeruli 
were  not  visible,  and  the  pyramids  were  rather  indistinct  in  outline.  The  left  kidney  re- 
sembled the  right,  except  that  no  infarcts  were  present. 

The  right  tube  was  increased  in  diameter  and  its  surface  was  congested.  On  open- 
ing the  tube,  it  was  found  to  contain  a  slight  amount  of  greenish-yellow  pus,  similar  to 
that  contained  in  the  abscess  in  the  cul-de-sac  of  Douglas.  The  left  tube  showed  a  slight 
amount  of  congestion,  but  was  otherwise  apparently  healthy. 

The  uterus  was  slightly  larger  than  normal,  and  rather  decreased  in  firmness.  On 
section,  the  endometrium  was  congested  and  easih  removed  from  the  myometrium,  the 
latter  being  rather  paler  than  usual. 

Other  than  the  evidences  of  recent  adhesions  to  the  surface,  and  a  slight  congestion 
of  the  mucous  membrane,  the  intestines  showed  no  pathologic  changes. 

Cultures  from  the  eye  gave  pure  culture  of  streptococci. 

Anatomic  Diagnosis. — -Generalized  fibrinous  peritonitis;  Pelvic  abscess;  Purulent 
salpingitis;  Endometritis;  Acute  ulcerative  choroido-retinitis ;  Acute  ulcerative  endocarditis; 
Renal  and  splenic  infarcts ;  Acute  splenic  tumor ;  Acute  parenchymatous  nephritis ;  Septi- 
cemia. 

As  compared  with  the  case  of  erysipelas  this  was  a  chronic  case.  Also  it 
was  chronic  in  that  it  permitted  not  only  the  appearance  of  a  septicemia,  but 
also  in  that  time  was  given  for  the  cocci  to  establish  themselves  in  other  than 
the  primarily  infected  organ,  and  to  produce  destructive  lesions.  Such  lesions 
were  those  in  the  left  eye,  and  in  the  heart.  From  the  ulcerative  valvular  le- 
sion emboli  were  carried  to  the  spleen  and  kidney  and  there  produced  infarcts, 
which,  had  the  patient  lived  long,  would  certainly  have  formed  abscesses. 

The  thing  which  these  case  histories  demonstrates  best  perhaps,  is  that 
comparatively  slight  injuries,  as  in  the  case  of  the  boy  in  Case  III,  or  a  mere 
"lessening  of  resistance"  as  in  Cases  I  and  II,  may  make  the  proper  conditions 
for  invasion  of  the  body  by  organisms  which  are  lying  in  wait  in  the  skin  or, 
more  frequently,  within  one  or  another  cavity  of  the  body.  In  each  of  the  four 
cases,  it  is  entirely  possible  that  the  organisms  were  present  within  the  body 
awaiting  for  the  proper  conditions  to  be  developed  to  suit  their  needs.  They 
also  demonstrate  what  serious  lesions  may  be  produced  by  such  frequent  bac- 
terial inhabitants  of  the  body.  One  may  imagine  that  in  each  case  the  in- 
fection might  have  been  somewhat  less  severe,  and  that  the  patients  might  have 
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lived.  He  will  then  suggest  to  himself  that  in  the  first  case  the  man  would 
have  had  a  somewhat  weakened  heart,  possibly  carnified  patches  in  his  lungs; 
possibly  peritoneal,  pleural  and  pericardial  adhesions, —  (in  the  splenic  and 
hepatic  capsular  changes  there  are  evidences  of  an  older  infection).  In  the 
second  case  he  might  consider  that  the  patient  would  become  entirely  well 
again  save  for  a  slight  myocardial  defect  and  a  tendency  to  recurrence  of  the 
erysipelas.  In  the  third  case,  the  infection  might  result  in  merely  a  stiff  hip 
joint,  by  the  formation  of  adhesions ;  or  in  a  chronic  osteomyelitis  with  all  its 
associations.  In  the  fourth  case,  apparent  recovery  would  be  attended  by  local- 
ization of  the  pelvic  abscess,  and  encystment  of  the  tubal  exudates,  not  to  men- 
tion pelvic  adhesions  between  bowel  and  the  pelvic  organs.  All  of  these  slight 
ailments  are  more  frequently  seen  than  the  severe  ones  described  in  the  fore- 
going protocols.  Nevertheless  both  are  due  to  the  action  of  the  same  organisms 
the  effects  of  which  in  the  body  depend  upon  the  opportunities  for  growth,  by 
which  one  means  the  state  of  the  tissues  with  respect  to  their  powers  of  resist- 
ance to  infection. 


Ill 


LABORATORY  METHODS 


CLINICAL  METHODS  FOR  DETERMINING  THE  BUFFER  ACTION 

OF  THE  BLOOD* 


By  J.  J.  R.  MACLEOD,  M.B.,  Cleveland,  Ohio. 


COMPARISON  of  the  H-ioii  concentration  of  normal  blood  with  that  of  pa- 
tients in  whom  for  one  reason  or  another  an  increase  of  this  value  might 
be  expected  (e.g.,  high  excretion  in  the  urine,  presence  of  "acetone  bodies"  in 
urine,  the  development  of  symptoms  usually  attributed  to  "acidosis")  has  shown 
either  no  change  at  all  or  one  of  trivial  magnitude.  It  has  been  in  grave  cases 
of  acidosis  alone  that  definite  increase  in  H-ion  concentration  has  been  found 
present,  thus  indicating  that  any  distinct  change  from  the  normal  is  incompatible 
with  life.  That  this  is  true  even  when  very  considerable  quantities  of  acid  are 
being  discharged  into  the  blood,  as  a  result  of  faulty  metabolic  processes,  (e.g., 
in  diabetes)  indicates  that  some  mechanism  must  exist  in  the  blood  for  taking 
up  the  excess  of  acid  without  permitting  any  or  only  a  trivial  change  in  H-ion 
concentration.  Thanks  mainly  to  the  work  of  h.  J.  Henderson,  we  now  know 
that  this  mechanism  consists  essentially  in  the  abilit}^  of  phosphates  and  car- 
bonates each  to  exist  as  two  types  of  salts,  acid  and  neutral.  When  these  salts 
undergo  dissociation  and  hydration,  they  do  so  in  such  a  way  as  to  yield  a  mix- 
ture of  intermediate  salts  with  different  dissociation  constants  and  thus  capable 
of  liberating  varying  quantities  of  H  and  OH  ions. 

Thus,  let  us  compare  the  effect  of  adding  some  mineral  acid  to  water  and 
to  a  watery  solution  of  the  two  phosphates  (Na^HPO^  and  NaHoPO^)  in  such 
proportion  that  it  is  exactly  neutral  to  such  an  indicator  as  methyl  red ;  where- 
as a  drop  of  acid  suffices  in  the  case  of  water  to  produce  a  marked  change  in 
tint,  it  will  be  found  that  considerable  quantities  of  acid  have  to  be  added  to  the 
solution  of  phosphates  to  produce  the  same  change.  The  presence  of  the  phos- 
phates endows  the  solution  with  the  power,  as  it  were,  of  soaking  up  the  excess 
of  H-ions;  it  acts  as  a  sponge  or,  less  strictly,  as  a  "buffer."  In  the  case  of 
blood  it  is  mainly  the  salts  of  carbonic  acid  and  partly  the  amphoteric  property 
of  proteins  rather  than  the  salts  of  phosphoric  acid  that  furnish  the  buffer. 

The  above  described  chemical  reactions  serve  to  adjust  the  H-ion  concen- 
tration temporarily,  but  when  the  addition  of  excess  of  acid  is  more  persistent,  a 
physiological  mechanism  also  comes  into  play,  namely,  increased  excretion  of 
acid  from  the  body,  the  volatile  acid  (CO2)  being  excreted  by  way  of  the  lungs, 
and  the  fixed  acid,  by  the  kidneys. 

These  general  considerations  indicate  the  importance  of  determinnig  the  buf- 
fer action  of  the  blood,  and  recently  two  papers  have  been  published  which 
seem  to  offer  simple  methods  by  which  this  can  be  done. 

,    *The   manuscript   for   the   present   article    was   prepared    some    months   ago,    its    publication   being    de- 
layed through  error.  ^  ^ 
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THi:  MFTHOD  OF   LEVY   AND  ROWNTREE. 

A  test  tube  made  of  hard  ("nonsol")  glass  of  about  20  c.c.  capacity  con- 
aining  about  a  gram  of  powdered  neutral  potassium  oxalate  is  filled  with  newly 
Irawn  blood,  immediately  stoppered  and  placed  on  ice.  Quantities  of  2  c.c.  each 
)f  the  blood  are  then  placed  in  a  series  of  seven  small  (nonsol)  test  tubes  and 
illowed  to  stand  for  5-6  minutes  in  order  to  permit  a  narrow  layer  of  plasma  to 
separate  on  the  surface  (this  prevents  laking  of  the  blood  during  the  subsequent 
iddition  of  acid  or  alkali).  The  blood  in  the  first  tube  is  used  for  the  determina- 
ion  of  the  normal  H-ion.  In  each  of  the  next  three  tubes  are  added  respectively 
).l,  0.2  and  0.3  c.c.  N/50  HCl,  and  to  the  last  three,  similar  quantities  of  N/50 
SlaOH.  After  inverting  the  tubes  so  as  to  mix  the  contents,  the  blood  in  each 
s  transferred  to  celloidin  sacs  and  the  H-ion  concentration  determined  accord- 
ng  to  the  method  already  described  in  this  Journal  (1915,  i,  p.  194). 

The  tubes  are  noted  in  which  a  change  in  tint  from  that  of  the  normal  blood 
s  evident,  and  the  results  are  expressed  as  the  c.c.  of  N/50  HCl  or  NaOH  which 
nust  be  added  to  blood  to  change  its  H-ion  concentration.  Thus,  the  alkali  buf- 
-er  is  the  c.c.  of  N/50  NaOH  which  can  be  added  to  2  c.c.  of  blood  without 
:hange  of  the  H-ion  concentration  of  the  dialysate,  and  the  acid  buffer  the  c.c. 
)f  N/50  HCl. 
The  method  suffers  from  the  following  drawbacks : 

1.  Such  small  quantities  of  acid  and  alkali  are  employed. 

2.  It  is  often  difficult  to  tell  just  exactly  when  a  slight  difference  in  tint 
las  been  produced. 

3.  Even  with  the  precautions  described  above,  it  is  impossible  to  be  sure 
hat  the  amount  of  CO2  in  the  different  samples  of  blood  is  the  same,  which 
neans,  of  course,  that  some  bloods  will,  on  this  account  alone,  be  able  to  bind 
nore  alkali  than  others. 

A  method  based  on  somewhat  the  same  principle,  but  which  seems  to  the 
present  writer  to  be  more  likely  to  be  of  practical  value  because  it  meets  the 
ibove  objections,  is  that  suggested  by  Van-  Slyke,  Stillman  and  Cullen.  Plasma 
s  freed  of  CO2  by  placing  it  in  a  vacuum,  and  is  then  mixed  with  an  equal  vol- 
ime  of  N/50  HCl  (or  NaOH)  and  the  H-ion  concentration  determined  (this 
:an  best  be  done  by  the  dialysis — sulphonephthalein  method  of  Rowntree,  etc.). 
[n  the  case  of  normal  blood,  after  such  an  addition  of  acid,  a  practically  normal 
H-ion  concentration  will  be  found,  whereas  in  the  blood  of  cases  of  acidosis  it 
vill  be  found  to  be  very  distinctly  increased  (i.e.,  Ph  lower).  The  details  of 
:his  method  have  not  as  yet  been  published,  and  its  principle  is  described  here 
nerely  to  indicate  along  what  lines  progress  is  likely  to  be  made  in  the  solution 
jf  this  important  problem. 

The  last  mentioned  workers  have  suggested  another  method,  the  principle 
)f  which  is  based  on  the  power  of  the  blood  to  take  u])  carbon  dioxide  gas.  Ob- 
/iously  blood  with  its  reserve  of  alkali  already  depleted,  as  a  result  of  the  pro- 
iuction  of  acid  sul)stancc  in  tlu-  body,  will  be  cai)abU'  of  taking  up  less  CO2 
ban  normal  blood.  The  apparatus  rccjuired  for  this  estimation  is  purcliasable* 
uid  it  is  used  in  the  foHowing  manner  (see  illustrationf).     Blood  is  centrifugod 

*Eimer  and  Amend,   New   York,   and   Artliiir   If.    Thomas   Company,    I'hiladeliiliia. 

tThe  originator  of  this  method  has  not  as  yet  publislicd  full  details,  hut  siiiee  the  apparatus  is  on 
he  market,  it   has  been   deemed   advisable  to  give  a  general   description   of  its   use   in   tliis  Journal. 
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and  a  few  c.c.  of  the  plasma  shaken  in  a  flask  containing  6  per  cent  COo-  Al- 
veolar air  is  suitable  for  this  purpose.  The  apparatus  is  meanwhile  filled  to  the 
top  of  the  graduated  tube  with  mercury  by  raising  the  mercury  reservoir  F,  care 
being  taken  that  D  and  E  are  also  filled.  One  c.c.  of  the  COa-saturated  plasma 
is  then  delivered  into  A  and  the  stopcock  I  turned  so  that  by  cautiously  lower- 
ing the  level  of  the  reservoir  F,  the  plasma  runs  into  B  (but  no  trace  of  air). 
The  same  procedure  is  repeated  with  1  c.c.  water,  so  as  to 
wash  in  all  of  the  plasma,  and  finally  0.5  c.c.  normal  acid 
(approximately  5%  H^SO^)  is  sucked  in,  after  which  stop- 
cock I  is  turned  off.  The  reservoir  F  is  then  lowered  suffi- 
ciently to  allow  all  of  the  mercury,  but  none  of  the  blood, 
to  run  out  of  B  and  C. 

As  the  level  of  the  mercury  falls  in  B  and  C,  the  plasma 
effervesces  violently,  because  it  is  now  exposed  to  a  vacuum. 
To  be  certain  that  all  traces  of  CO,  have  been  dislodged  from 
the  solution,  the  apparatus  is  shaken.  To  ascertain  how 
much  COo  has  been  liberated,  stopcock  II  is  now  turned  so 
as  to  bring  C  and  E  into  communication,  and  by  cautiously 
lowering  the  reservoir  the  fluid  in  C  is  allowed  to  run  into 
the  bulb  E.  Stopcock  II  is  thereafter  turned  so  as  to  con- 
nect C  and  D,  and  the  reservoir  raised  so  that  the  mercury 
1^  runs  into  C  as  far  as  the  CO2,  which  has  collected  in  the 
burette  will  permit  it  to  go.  After  bringing  the  level  of  the 
mercury  in  F  to  correspond  to  that  in  the  burette,  the  grad- 
uation at  which  this  stands  is  read.  It  gives  the  c.c.  of  CO2 
liberated  from  the  plasma.  Under  the  above  conditions  nor- 
mal plasma  binds  75  per  cent  of  its  volume  of  CO^ ;  there- 
fore, since  the  total  capacity  of  the  pipette  is  50  c.c,  the  mer- 
cury should  stand  at  0.375  c.c.  on  the  burette.  In  acidosis 
figures  as  low  as  20  per  cent  of  the  normal  may  be  obtained,  i.e.,  0.1  on  the 
burette. 

Finally,  to  prevent  confusion,  it  should  be  pointed  out  that  a  depression 
in  the  reserve  alkalinity  of  the  blood  can  also  be  determined  by  determining  the 
percentage  of  CO,  in  alveolar  air  by  the  clinical  method  already  described  in  this 
Journal  (1916,  i,  p.  522). 
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THE  PURITY  OF  ALCOHOL 


By  Victor  C.  Vaughan,  M.D.,  Ann  Arbor,  Mich. 


IN  my  work  with  the  protein  poison,  I  have  found  it  necessary  to  give  atten- 
tion to  the  purity  of  the  alcohol  used  and  I  have  found  the  alcohol  imported 
from  Germany    (Kahlbaum's)   not  always  up  to  the  standard.     In  fact,  I  have 
found  it  cheaper  and  safer  to  take  the  ordinary  alcohol  and  distill  it  with  quick 
lime.     The  following  tests  may  be  used  in  determining  the  purity  of  alcohol : 
L     The  specific  gravity  is  determined  by  the  picknometer. 

2.  It  should  be  miscible  in  all  proportions  without  cloudiness  with  water, 
ether  and  chloroform. 

3.  It  should  not  redden  litmus  even  after  four  hours'  exposure.  Kahl- 
baum's alcohol  often  reddens  litmus  in  a  much  shorter  time. 

4.  The  evaporation  of  50  c.c.  should  leave  no  weighable  residue.  Some 
samples  of  Kahlbaum's  alcohol  gave  in  this  amount  as  much  as  1  mg,  and  some 
more. 

5.  A  mixture  of  10  c.c.  of  the  alcohol,  5  c.c.  of  water  and  1  c.c.  of 
glycerine,  allowed  to  evaporate  spontaneously  on  clean  blotting  paper,  leave  no 
foreign  odor  when  the  last  trace  of  the  alcohol  has  disappeared.  This  is  a  U.  S.  P. 
test  and  shows  the  absence  of  more  than  a  trace  of  fusel  oil.  '  . 

6.  A  mixture  of  10  c.c.  of  the  alcohol  and  0.2  c.c.  of  two  per  cent  KOH 
solution  is  evaporated  to  1  c.c.  and  then  treated  with  an  excess  of  dilute  (1:4) 
sulphuric  acid.    This  should  not  develop  the  odor  of  fusel  oil. 

7.  10  c.c.  of  the  alcohol  is  evaporated  to  2  c.c.  and  this  is  shaken  with  an 
equal  volume  of  sulphuric  acid.  The  development  of  a  reddish  color  shows  the 
presence  of  amylic  alcohol. 

8.  When  20  c.c.  of  the  alcohol  is  shaken  in  a  clean  glass  stoppered  bottle 
with  1  c.c.  of  silver  nitrate,  test  solution,  the  mixture  should  not  become  more 
than  faintly  opalescent  or  acquire  more  than  a  faint  brownish  tint  when  exposed 
to  diffuse  daylight  for  six  hours.  This  is  a  U.  S.  P.  test  for  organic  impurities, 
amylic  alcohol,  aldehyde,  etc.  The  imported  alcohols  are  not  up  to  standard  at 
all  times  by  this  test. 

9.  Into  a  test  tube  which  has  been  rinsed  with  the  alcohol,  pour  5  c.c. 
of  sulphuric  acid,  then  layer  the  acid  with  an  equal  amount  of  the  alcohol.  The 
appearance  of  a  red  zone  after  standing  for  four  hours  or  longer  indicates  the 
presence  of  molasses  alcohol.  Neither  domestic  nor  foreign  alcohols  respond 
to  this  test. 

10.  Pass  hydrogen  sulphide  gas  through  20  c.c.  of  the  alcohcU  for  from 
two  to  five  minutes,  then  add  a  few  drops  of  ammonia  and  allow  to  stand  for  four 
hours.  The  alcohol  should  remain  colorless.  If  it  becomes  yellowish  or  brown- 
ish, the  presence  of  traces  of  metal,  extractives  or  tannin  is  indicated.  By  this 
test  many  of  the  samples  of  imported  alcohol  are  shown  not  to  be  up  to  standard. 

11.  To  10  c.c.  of  the  alcohol  add  1  c.c.  of  a  solution  of  potassium  perman- 
ganate (1-1000).  Allow  to  stand  twenty  minutes,  the  development  of  a  yel- 
lowish or  brownish  color  indicates  the  presence  of  .-iMcliydc.     Many  of  the  im- 
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ported  alcohols  show  this  impurity  in  more  than  traces.     Our  redistilled  alcohol 
does  not  show  it. 

12.  To  5  c.c.  of  the  alcohol  add  two  drops  of  a  one  per  cent  aqueous  solu- 
tion of  furfurol.  underlay  this,  kept  cold  in  a  stream  of  water,  with  5  c.c.  of 
sulphuric  acid.  The  formation  of  a  colored  zone,  gradually  becoming  pink,  shows 
the  presence  of  amylic  alcohol.  This  is  an  exceedingly  delicate  test  and  by  mak- 
ing a  standard  solution  of  amylic  alcohol  the  proportion  can  be  approximated. 
Kahlbaum's  alcohol,  as  we  have  found,  often  shows  appreciable  traces  of  amylic 
alcohol  by  this  test. 

13.  To  10  c.c.  of  the  alcohol  add  ten  drops  of  colorless  analin,  then  three 
drops  of  hydrochloric  acid.  No  coloration  should  develop  within  five  minutes. 
This  is  a  test  for  furfurol,  which  we  have  not  found  in  either  domestic  or  im- 
ported alcohols. 

14.  Evaporate  100  c.c.  of  the  alcohol  to  dryness,  extract  the  residue  with 
from  3  c.c.  to  5  c.c.  of  salt  solution  and  inject  this  intravenously  into  a  guinea- 
pig  of  from  200  g.  to  300  g.  weight.  With  our  redistilled  alcohol  there  is  no 
effect,  while  with  Kahlbaum's  the  animal  is  often  thrown  into  convulsions  which 
may  terminate  fatally.  What  this  residue  contains,  I  have  not  been  able  to  deter- 
mine.    It  is  granular  and  sometimes  contains  a  few  needle  shaped  crystals. 

From  my  experience,  I  have  found  it  better  to  use  alcohol  prepared  in  my 
own  laboratory  from  the  commercial  ninety-five  per  cent  article,  by  redistilla- 
tion with  caustic  lime,  than  to  depend  upon  the  imported  product. 


IWATER  BATH  SLIDE  METHODS  FOR  COMPLEMENT  FIXATION 
AND  BLOOD  GROUPING* 


By  Norman  E.  W^illiamson,  M.D.,  Stockton,  Calif. 


A  COMPLEMENT  fixation  test  may  be  performed  on  a  slide  with  the  small 
quantity  of  material  according  to  the  following  technic : 
A  rectangular  water  bath  is  fitted  with  thermoregulator  at  one  end.  Lateral 
flanges  are  placed  ^  inch  from  the  top.  The  bath  is  filled  to  within  1  inch  of 
the  flanges.  On  this  ledge  rest  the  ends  of  two  glass  rods  placed  across  the 
water  bath  2  inches  apart.  To  the  glass  rods  so  that  it  is  below  them  but  not 
long  enough  to  rest  on  the  ledges  is  tied  a  rectangular  piece  of  cardboard.  There 
is  a  narrow  slit  in  this  cardboard  lengthwise,  half  way  between  the  rods.  The 
object  of  this  is  to  maintain  the  proper  amount  of  moisture  on  the  under  side 
of  a  slide  placed  across  the  rods.  If  there  were  no  cardboard,  too  much  moisture 
would  be  precipitated  on  the  slide  and  hemolysis  of  a  drop  of  blood  might  occur 
from  dilution.  If  the  cardboard  is  not  perforated  or  slit,  the  under  side  of  the 
slide  will  dry.  The  size  of  the  slit  must  be  such  that  a  faint  haze  forms  on  the 
under  side  of  the  slide  which  promptly  disappears  after  the  slide  is  removed 
from  the  water  bath.  Over  the  top  of  the  bath  is  placed  a  glass  plate  except 
for  the  end  occupied  by  the  heat-regulating  apparatus.     The  open  space  here  is 
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closed  by  a  vertical  glass  plate  setting  into  the  water  but  allowing  free  inter- 
change of  water  below  it.  The  plate  of  glass  on  top  of  the  bath  must  not  fit  too 
snugly  or  there  will  be  a  loss  in  a  short  time  of  atmospheric  dust,  and  moisture 
will  be  precipitated  on  all  objects  in  the  bath.  Blotting  paper  is  attached  by  ad- 
hesive to  the  under  side  of  the  glass  plate  to  prevent  dripping  on  the  slides. 
The  thermometer  is  placed  on  the  rods  and  the  heat-regulating  apparatus  so  ar- 
ranged that  the  temperature  at  that  point  will  be  37°  C.  Constant  level  is 
maintained  by  a  filled  inverted  water  bottle  with  the  mouth  placed  at  the  level 
desired. 

For  the  performance  of  the  test  very  small  quantities  of  standard  reagents 
are  prepared.  Clean  slides,  3  small  standard  platinum  loops,  1  large  platinum 
loop  and  one  straight  platinum  wire  are  necessary.  The  slides  are  placed  on  a 
sheet  of  paper,  each  on  a  number.  A  loopful  of  material  is  taken  for  the  small- 
est quantity  of  any  of  the  ingredients  of  the  test  and  larger  quantities  of  other 
ingredients  are  multiples  of  this  smallest  amount.  For  instance,  in  performing 
Noguchi's  modification  of  the  Wassermann  test,  it  is  done  as  follows :  1  small 
loop  of  Noguchi  antigen  properly  diluted  is  placed  on  the  slide  as  shown  (Fig. 
1 )  ;  1  small  loop  of  undiluted  complement ;  2  small  loops  of  patient's  serum ; 
1  large  loop  of  salt  solution.  These  are  then  mixed  with  the  straight  wire  and 
quickly  inverted  over  the  water  of  the  water  bath  across  the  rods.  The  time  is 
marked  on  the  paper  by  the  number.     Incubate  ^  hour  at  37°  C. 


Fig.   1. — A,  complement;    B,   antigen;    C.   patient'.s  serum;    D,   patient's  serum;    E,   salt   solution. 


o 

/" 

~N   o 

^sC 

)  ° 

_V  o 

o 

Fig. 


-A,    amboceptor;    P.,    sheep's   cells. 


Remove  slide  and  add  5  small  loops  of  10  per  cent  suspension  of  sheep's 
red  corpuscles  and  2  small  loops  of  amboceptor  which  is  of  such  a  strength  that 
5  units  are  contained  in  0.5  c.c.  (Fig.  2).  Mix  with  a  straight  platinum  wire 
and  replace  in  water  bath.  Incubate  for  1  hour.  Positive  specimens  are  brick 
red  and  opaque;  negative  arc  clear  and  brown. 

The  strength  of  the  complement  lias  been  previously  determined  as  follows: 
One  loopful  of  complement  is  added  to  each  oi  4  loops,  3  loops,  2  loops  and  1 
loop  of  salt  solution,  and  one  loop  of  each  mixture  and  also  of  the  undiluted 
complement  is  added  to  5  loops  of  the  10  per  cent  suspension  of  sheep's  cor- 
puscles and  1  loop  of  amboceptor  in  the  strength  given  above,  and  placed  in  the 
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water  bath  for  one  hour   for  hemolysis.     Twice  the   strength   of   the   smallest 
amount  of  complement  giving  complete  hemolysis  is  taken  for  the  test. 

For  Noguchi's  test  use  2  loops  of  serum  and  one  loop  of  complement  in 
case  the  strength  of  the  complement  is  such  that  one  unit  is  5/100  of  a  c.c. ;  1  loop 
of  Noguchi  antigen  which  has  been  prepared  by  adding  one  part  of  the  methyl 
alcoholic  solution  to  7  parts  of  salt  solution ;  5  loops  of  5  per  cent  suspension  of 
washed  human  corpuscles  and  2  loops  of  amboceptor  which  has  been  prepared  in 
the  ratio  of  5  units  to  0.2  of  a  c.c.  of  salt  solution. 

Each  specimen  should  be  duplicated  without  antigen  to  determine  anticom- 
plementary action  of  the  serum.  The  usual  positive  and  negative  controls  are 
required.  A  positive  result  as  above  equals  -\ — \-.  If  1  loop  of  serum  gives  a 
positive  result  it  would  be  -| — | — I — |-  Find  the  smallest  quantity  of  serum  which 
will  give  complete  inhibition  and  rate  accordingly.  By  this  method  the  presence 
of  antisheep  amboceptor  in  human  blood  may  be  disregarded  as  excess  of  am- 
boceptor will  have  no  effect  if  all  the  complement  is  fixed.  The  same  rule  is 
applicable  in  the  use  of  the  human  hemolytic  system. 

Two  loops  full  of  serum  can  be  dried  on  a  slide  and  later  dissolved  with  salt 
solution  and  used  for  the  complement  fixation  test.  I  have  found  that  the  dried 
blood  may  require  more  complement  than  the  fresh  blood  and  I  obtained  the 
best  results  by  using  sensitized  red  cells.  For  this  purpose  it  is  well  to  have  an 
amboceptor  which  contains  comparatively  weak  agglutinins.  To  the  washed 
cells  in  a  large  quantity  of  salt  solution  was  added  enough  amboceptor  to  make 
3  units  for  the  entire  quantity  of  cells.  The  mixture  is  kept  at  37°  for  two  hours 
or  left  in  the  ice  box  over  night.  The  cells  are  then  thrown  down,  the  fluid 
decanted,  and  fresh  salt  solution  added  to  make  the  proper  dilution.  The  com- 
plement is  titrated  with  sensitized  cells  and  the  best  results  with  dry  blood  are 
obtained  if  twice  the  amount  of  complement  which  will  completely  hemolyze  these 
cells  in  15  minutes,  is  used.  Known  positive  and  negative  dry  sera  must  be  used 
for  controls. 

Kaplan  adds  his  amboceptor  to  his  cells  prior  to  the  performance  of  a 
Wassermann  reaction  and  his  cells  are  more  or  less  sensitized  according  to  the 
time  and  temperature,  but  he  does  not  make  a  special  effort  to  have  them  entirely 
sensitized  as  is  done  in  this  test.  There  seems  to  be  no  reason  why  dry  blood 
could  not  be  used  for  the  test  tube  reaction.  1/10  of  a  c.c.  of  serum  weighs 
when  dry  10  milligrams ;  thus  20  milligrams  of  dry  serum  could  be  added  to  each 
tube  for  the  Wassermann  test  after  dissolving  in  salt  solution  and  8  milligrams 
for  the  Noguchi  test.  Serum  can  be  dried  on  a  clean  piece  of  glass,  scraped 
ofif,  put  in  a  homeopathic  phial  and  sent  to  the  laboratory.  It  need  not  be 
sterile.    I  have  dried  some  by  this  method  and  will  test  it  in  a  few  days. 

Since  serum  is  usually  readily  obtainable  fresh  the  water  bath  method  would 
not  often  be  required  for  the  diagnosis  of  syphilis  but  it  may  have  a  distinct 
value  when  bacterial  emulsions  cannot  easily  be  obtained  for  antigen  in  the 
quantity  desired  for  the  complement  fixation.  Test  tube  methods  are  easier  to 
perform  when  control  of  all  conditions  is  considered. 

This  water  bath  slide  method  was  used  by  me  for  the  purpose  of  deter- 
mining the  grouping  of  bloods,  using  the  loops  of  material  as  advised  by  Brem 
but  using  no  cover-glass  or  well  slide.     I  use  for  the  test  sera  of  groups  2,  3 
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id  4  of  Moss  which  have  been  found  by  me  to  be  strong  in  agg-lutinins.     Test- 
ig  the  suspension  of  corpuscles  of  the  patient  with  strong  sera  of  groups  2  and 
will  place  his  group.     If  the  patient  happens  to  have  a  weak  agglutinin  for 
is  group,  this  method  is  an  advantage.     For  instance,  if  the  corpuscles  are  ag- 
lutinated  by  group  2,  not  by  group  3  sera,  the  patient  belongs  to  group  3.    If 
gglutinated  by  group  3,  not  by  group  2,  he  belongs  to  group  2.     If  aggluti- 
ated  by  both  he  belongs  to  group  1.     If  agglutinated  by  neither,  he  belongs  to 
roup  4.     A  further  check  with  the  group  4  serum  is  then  used.     Since  the  cor- 
uscles  of  any  group  other  than  4  may  be  affected  by  hemolysin  in  a  patient's 
erum,  it  is  advisable  in  using  the  human  hemolytic  system  for  complement  fix- 
tion  test,  to  use  only  a  group  4  suspension  of  corpuscles.     I  obtain  them  easily 
s  follows :    After  pouring  the  serum  off  the  bloods  obtained  from  the  patients 
or  Wassermann,  I  make  a  suspension  of  a  few  of  the  red  cells  which  I  judge 
o  be  approximately  5  per  cent  and  see  if  they  will  be  agglutinated  by  a  group 
serum  I  keep  in  stock.     If  they  are  not  the  bk)od  belongs  to  group  4.     I  then 
hake  out  of  the  clot  by  the  aid  of  a  little  salt  solution  some  red  cells,  wash  them 
n  the  usual  manner,  using  them  for  the  fixation  test.     I  have  found  that  on  an 
iverage  without  getting  either  fibrin  or  leucocytes  I  can  shake  out  3/4  c.c.  of 
ed  cells  from  my  bloods  by  this  method.     I  use  such  cells  for  the  immunization 
)f  rabbits  after  having  determined  that  the  \\'assermann  in  that  case  is  negative 
ind  the  histor}^  of  the  patient  negative.     Such  cells  can  be  mixed  safely  only 
ifter  all  the  serum  has  been  removed.     I  killed  two  rabbits  by  a  failure  to  ob- 
serve this  precaution  as  agglutination  of  corpuscles  may  occur  if  the  blood  be- 
longs to  different  groups.     I  find  this  much  the  easiest  method  to  get  normal 
cells. 
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EDITORIALS 


Medicine  as  a  Career"^' 

STUDENTS  of  Medicine:  You  have  chosen  your  Hfe  work.  You  have 
elected  to  devote  your  time  and  energy  to  the  science  and  art  of  medicine. 
It  is  hoped  that  you  fully  realize  the  importance  of  this  decision  and  that  you 
have  not  come  here  without  adequate  deliberation  and  comprehension  of  the 
heavy  tasks  you  have  assumed  in  taking  this  step.  In  view  of  the  possibility 
that  some  of  you  have  made  a  mistake,  I  have  decided  to  spend  this  hour  in 
presenting  to  you  a  few  of  the  duties  and  obligations  which  you  are  assuming, 
and  if  there  be  among  you  those  who  feel  that  the  burdens  to  be  borne  are  too 
heavy  and  the  personal  gain  too  light,  let  such  not  hesitate  to  stop  and  turn 
back  on  the  threshold.  Medicine  needs  recruits,  but  it  desires  and  will  accept 
only  those  who  after  severe  tests,  it  deems  worthy.  I  am  aware  of  the  fact 
that  the  words  of  the  experienced  fall  lightly  upon  the  ears  of  the  inexperienced, 
but  one  who  has  served  in  the  ranks  for  nearly  forty  years  offers  you  advice. 
I  wish  to  say  that  the  fatality  among  medical  students  is  great.  In  the  past  ten 
years,  less  than  sixty  per  cent  of  those  who  have  entered  this  school  have  suc- 
ceeded in  winning  its  diploma  and  of  those  who  have  gained  this  distinction,  not 

•Address  at  the  opening  of  the  University  of  Michigan  Medical  School,  Oct.   3,   1916. 
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11  have  fulfilled  the  confidence  imposed  in  them  by  the  faculty.     It  is  not  my 
pcpectation  that  you  will  do  better  than  preceding  classes. 

Medicine  embraces  all  facts  which  may  be  utilized  in  the  prevention  or  al- 
;viation  of  disease.     Its  chief  contributory  sciences  are  physics,  chemistry  and 
liolog>^     It  is  for  this  reason  that  a  knowledge  of  the  fundamental  principles 
nd  facts  of  these  basic  sciences  is  required  for  admission  to  the  better  medical 
chools.     Some  of  you  will  fail  because  your  training  in  these  sciences  has  been 
tiadequate.     Teachers  in  the  medical  school  cannot  take  the  time  nor  can  they 
Md  back  better  trained  students  to  instruct  those  who  are  deficient.     By  the  end 
»f  the  first  year  most  of  these  unfortunates  are  asked  to  withdraw. 
I        With  the  best  possible  preparation  the  medical  student  finds  his  daily  task, 
[uite  as  much  as  the  strong  can  carry  and  altogether  too  heavy  for  the  weakling. 
There  has  been  some  discussion  among  medical  educators  concerning  the  cur- 
iculum,  some  contending  that  it  is  too  heavy  for  the  average  student.     This  de- 
[)ends  upon  what  is  meant  by  the  "average  student."     If  the  standard  set  in  col- 
ege  work  is  applied,  I  am  of  the  opinion  that  medicine  does  not  want  such  "aver- 
age students."     I  am  convinced  that  a  strong  student,  of  a  high  average,   can 
carry  the  medical  work  as  nov/  imposed  and  that  the  imposition  of  a  heavy  task 
succeeds  in  weeding  out  the  unfit  and  is  therefore  desirable.     We  do  not  de- 
velop muscles  by  lifting  feather  weights,  nor  do  we  strengthen  brain  activity  with- 
out earnest  effort.     The  aim  of  medical  education  is  to  develop  strong  men  and 
in  order  to  do  so,  difficult  tasks  must  be  imposed  in  the  training. 

A  strong  intellect  is  not  enough  to  insure  success  to  the  medical  student, 
[ntellect  must  be  backed  by  industry,  otherwise  it  is  of  but  little  value.  For  lack 
jf  industry  many  medical  students  fall  by  the  wayside.  After  forty  years  as  a 
teacher  in  this  school,  I  am  of  the  opinion  that  lack  of  proper  application  to  the 
work  is  the  most  potent  cause  of  failure  among  the  students.  In  his  collegiate 
course  the  w-ork  has  been  light,  easily  done.  He  has  had  a  good  record,  but  has 
failed  to  establish  habits  of  study.  Some  allurement  causes  him  to  neglect  his 
tasks  for  a  day  and  then  for  a  week.  Soon,  he  finds  himself  quite  in  the  rear. 
His  bluff  at  recitation  does  not  go.  His  teachers  question  his  intellectual  strength 
and  honesty.  He  becomes  a  derelict  and  must  be  removed  for  his  own  and  others' 
good. 

A  third  essential  to  success  in  medicine  is  integrity.  When  endowed  with  a 
high  degree  of  intelligence,  supported  by  the  greatest  industry  but  without  in- 
tegrity the  medical  man  is  likely  to  prove  a  disgrace  to  his  profession  and  a 
menace  to  the  community  in  which  he  lives.  That  integrity  has  been  regarded 
as  an  essential  qualification  of  the  practitioner  of  medicine  from  the  earliest 
times  is  shown  by  the  exaction  of  the  Hippocratic  oath  supposed  to  have  been 
formulated  by  the  father  of  the  profession.  The  medical  man  must  be  honest 
with  himself,  his  patients  and  the  public.  For  personal  gain  he  must  not  pre- 
tend to  greater  knowledge  or  skill  than  he  possesses.  Professional  ethics  in- 
sist that  in  the  announcement  of  his  ])urposc  to  ser\'c  the  community  he  must 
restrict  himself  to  the  simplest  statement.  The  public  has  long  ridiculed  the 
restrictions  which  tiie  medical  profession  has  attempted,  with  more  or  less  suc- 
cess, to  impose  upon  its  own  members,  but  that  the  jniblic  is  now  reaching  a 
point  wdiere  it  appreciates  the  righteousness  of  medical  ethics  is  shown  by  recent 
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legislation  forbidding  false  and  exaggerated  advertisements.  The  first  thing  for 
the  honest  man  in  becoming  a  physician  to  do  is  to  secure  the  best  possible  prep- 
aration. To  enter  upon  the  practice  of  medicine  or  to  continue  in  it  without 
adequate  preparation  is  a  crime — a  moral,  if  not  a  statutory  one.  The  public 
has  come  to  this  view  and  there  is  no  other  profession,  admission  to  which  is  so 
strictly  guarded  as  that  of  medicine.  State  laws  set  the  standards  of  admission 
to  medical  schools  and  State  Licensing  Boards  test  medical  graduates.  The  best 
intentions  do  not  supply  the  deficiencies  due  to  lack  of  knowledge  and  skill. 
It  certainly  can  be  said  that  in  the  practice  of  medicine,  knowledge  is  a  virtue 
and  ignorance  a  crime.  Recognizing  the  fact  that  no  man,  however  great  his 
intelligence  and  untiring  his  industry,  can  be  skilled  in  all  branches  of  the  heal- 
ing art,  individuals  select  specialties  in  which  they  strive  to  make  themselves  ex- 
perts and  these  so  group  themselves  that  each  patient  may  have  the  advice  of  an 
expert.  The  wisdom  of  this  procedure  and  its  advantages  to  both  practitioner 
and  patient  must  be  evident  to  all.  Each  individual  in  such  a  group  must  know 
his  specialty  and  must  keep  in  touch  with  its  progress.  Medicine  is  a  progressive 
science.  Each  year  adds  to  its  effectiveness.  Discoveries  in  physics,  chemistry 
and  biology  find  practical  application  in  the  prevention  or  cure  of  disease.  It 
follows  that  the  efficient  medical  man  must  continue  to  be  a  student  so  long  as 
he  remains  an  active  member  of  the  profession.  In  medicine  there  are  no 
"papal  bulls,"  no  "ipse  dixits"  and  even  "precedent"  is  shown  but  scant  respect. 
It  is  best  compared  to  a  living  plant  constantly  drawing  sustenance  from  soil  and 
air,  dropping  its  withered  leaves  and  branches,  ever  putting  forth  buds  and  blos- 
soms and  bearing  each  season  better  fruit.  One  who  is  not  capable  of  sustained 
effort,  should  seek  some  other  calling  in  life.  Occasionally  I  meet  with  men  who 
are  still  living  professionally  in  their  undergraduate  days,  reading  the  same  old 
books,  and  writing  the  same  old  prescriptions,  both  blind  and  deaf  to  the  changed 
environment.  Fortunately  the  more  intelligent  of  the  public  easily  recognize 
these  fossils  and  appraise  them  at  their  true  worth.  They  are  interesting  as 
relics  of  the  past  but  worthless  in  the  present. 

From  the  time  of  Hippocrates  to  the  present,  wise  men  in  the  profession 
have  always  advocated  amity  among  its  members  and  I  must  say  after  many 
years  of  personal  experience  that  there  is  no  other  high  professional  ideal  so 
difficult  in  realization,  but  I  am  proud  to  add  that  there  never  has  been  a  time 
when  the  promise  of  the  realization  of  this  ideal  has  been  so  great  as  at  present. 
In  this  matter  medical  men  have  learned  much  from  the  commercial  world  in 
which  the  value  of  cooperation  has  been  so  abundantly  demonstrated.  The  effi- 
ciency of  the  individual  has  been  increased  and  the  value  of  the  product  has  been 
improved.  Much  regret  has  been  expressed  concerning  what  is  called  the  pass- 
ing or  the  elimination  of  the  old-time  family  physician  or  general  practitioner. 
In  the  slow  development  of  scientific  medicine  he  served  his  fellow-men,  often 
with  the  greatest  devotion  and  self-sacrifice.  The  history  of  epidemics  shows 
him  to  have  been  often  worthy  of  the  highest  honor.  He  has  faithfully  served 
his  fellow-men  in  times  of  dire  distress.  Occasionally  he  has  made  contribu- 
tions of  the  greatest  value  to  science.  In  the  record  of  the  slow  progress  of  man 
from  the  marshes  of  ignorance  and  superstition  to  the  uplands  of  knowledge  and 
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science  he  bears  a  conspicuous  and  honorable  place,  but  in  the  practice  of  mod- 
ern medicine  his  part  is  a  subordinate  one. 

In  any  community  in  which  several  physicians  are  singly  doing  a  general 
practice,  cooperation,  with  the  development  into  skilled  specialists,  results  in  in- 
dividual efficiency  among  the  medical  men  and  better  service  to  their  clientele. 
With  a  properly  ecjuipped  hospital  at  their  service,  a  group  of  village  physicians 
may  give  their  patients  the  same  scientific  and  effective  treatment  that  tl/ey  can 
secure  in  larger  medical  centers.  I  have  no  sympathy  with  the  contention  that 
our  rural  population  demands  cheaply  educated  physicians.  With  trolley  cars 
and  automobiles  there  are  but  few  in  need  of  medical  aid  who  are  so  located  that 
a  good  physician  may  not  soon  reach  them,  or  what  is  better,  that  they  cannot 
soon  be  transported  to  a  hospital.  A  friend  who  has  long  practiced  in  a  small 
Montana  city  recently  told  me  that  twenty  and  more  years  ago,  his  ride  some- 
times carried  him  one  hundred  and  twenty-five  miles  from  home.  One  such 
visit  to  a  case  of  pneumonia  is  unsatisfactory  to  the  doctor  and  of  but  little 
benefit  to  the  sick  man.  Now,  the  automobile  brings  the  patient  to  a  well  equipped 
hospital  where  several  physicians  may  daily  consult  concerning  the  case  and 
trained  nurses  be  constantly  in  attendance. 

When  I  was  in  medical  practice,  like  the  milkman,  I  made  my  daily  rounds 
seeing  cases  of  scarlet  fever,  diphtheria,  sometimes  smallpox,  pneumonia,  various 
nervous  diseases,  attending  cases  of  labor  and  in  short.  I  was  a  general  prac- 
titioner. Like  others  of  the  kind  I  did  the  best  I  could  for  all  and  I  am  able 
to  say  with  some  pride  that  in  no  case  did  I  carry  infection  from  hovise  to  house. 
However,  in  order  to  avoid  this  I  often  had  to  change  my  clothing  and  disinfect 
my  person  many  times  in  one  day.  This  kind  of  practice  is  still  largely  in  vogue, 
but  it  is  gradually  being  displaced  by  hospital  treatment  in  which  specialists  di- 
rect and  trained  nurses  administer.  The  greatest  need  of  practical  medicine  to- 
day is  more  and  better  equipped  hospitals.  With  these  the  specialist  and  the 
skilled  nurse  will  multiply  and  improve.  Such  hospitals  should  be  supplied  with 
thoroughly  equipped  and  competently  manned  diagnostic  laboratories  which  should 
serve  not  only  curative  but  preventive  medicine.  M^ater  and  milk  supplies  should 
be  examined  daily  and  visiting  nurses  under  the  direction  of  a  competent  health 
officer  should  constantly  patrol  the  community.  Adjunct  dispensaries  which 
should  serve  as  schools  of  instruction  in  baby  feeding  and  care,  child  welfare, 
home  sanitation  and  in  everything  pertaining  to  healthy  living  should  supplement 
the  community  hospitals.  When  in  addition  to  these  agencies  the  people  generally 
can  be  educated  to  see  the  benefits  that  would  follow  the  periodic  thorough  ex- 
amination of  all  in  order  to  detect  the  first  departure  from  the  uDrnial,  then  medi- 
cine will  be  able  to  ren'ler  its  highest  service  to  mankind. 

It  must  be  evident  that  if  these  hopes  are  to  materialize  the  practice  of  medi- 
cine must  become  more  and  m(jre  a  State  function.  That  the  tendency  is  in  tliis 
direction  and  that  this  should  be  encouraged  for  the  public  good  are  not  matters 
of  doubt  in  my  mind.  Only  a  few  years  ago  some  of  the  most  eminent  men  in 
the  profession  combatted  earnestly  vStale  support  of  medical  education.  They 
claimed  that  the  Slate  had  no  riglit  to  establish  nnd  maintain  medical  schools 
and  that  such  aid  was  not  fair  in  competition  with  the  pi"opriet;ir\  schools,  which 
at  that  time  educated  moix-  than  ninety  per  cent  of  thi'  annual  recruits  to  the  pro- 
fession.     Now,    no   one   (|uestions   either    the    right    or   the    (lut\'    of    the    Slate    to 
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establish  and  support  medical  schools,  while  the  proprietary  schools,  having  proven 
wholly  inadequate  and  inefficient,  have  practically  ceased  to  exist.  Even  the  man 
in  the  street  sees  the  advantages  that  have  resulted  from  these  changes.  To  state 
that  a  medical  school  is  a  proprietary  one,  in  the  sense  generally  understood  by 
that  term,  immediately  condemns  it  with  intelligent  men.  Courts  from  the  low- 
est to  the  highest  in  the  land  have  uniformly  held  that  the  State  has  the  right  to 
maintain  its  own  medical  school,  also  to  pass  upon  the  merits  of  other  schools 
both  within  and  without  its  borders,  to  set  up  standards  of  medical  education, 
to  define  the  requirements  of  admission  to  medical  schools,  to  submit  those  who 
wish  to  practice  within  its  borders  to  certain  intellectual  and  moral  tests  in  order 
to  pass  upon  their  professional  fitness  and  to  revoke  the  licenses  of  the  un- 
worthy. The  Federal  Government  has  its  public  health  service  which  passes 
upon  immigrants,  controls  national  quarantine,  maintains  a  research  laboratory, 
supervises  the  manufacture  and  sale  of  vaccines  and  antitoxins,  and  stands  ready 
to  aid  any  State  in  combatting  epidemics.  Each  State  has  its  Board  of  Health, 
the  powers,  functions  and  efficiency  of  which  vary  widely.  Our  great  municipali- 
ties have  their  boards  of  health  and  commissioners  of  health  which  for  the  most 
part  are  efficient,  but  in  some  instances  are  parts  of  a  political  machine.  Our 
smaller  cities  and  rural  communities  have  their  boards  and  health  officers,  which 
with  some  notable  exceptions,  fortunately  in  increasing  members,  are  cheap, 
ignorant  and  inefficient. 

By  means  of  these  organizations,  imperfect  as  many  of  them  are,  the  death 
rate  in  the  registered  area  of  the  United  States  has  been  reduced  in  the  past 
thirty  years  from  twenty  to  fourteen  per  thousand,  the  average  life  has  been  in- 
creased more  than  ten  years,  and  the  mortality  from  tuberculosis  and  other  in- 
fectious diseases  has  been  reduced  about  fifty  per  cent.  On  account  of  the  greater 
efficiency  of  the  health  service  in  our  larger  cities,  the  reduction  in  the  death 
rate  has  been  more  marked  in  these  than  in  smaller  cities  and  rural  communities. 
The  greatest  reduction  in  mortality  has  been  secured  in  our  cities  of  one  hundred 
thousand  or  more.  Our  metropolis.  New  York,  has  a  municipal  health  service 
wdiich  is  second  to  none  in  the  world.  It  supports  a  research  laboratory  in  which 
the  highest  grade  of  scientific  investigation  is  done,  diagnostic  laboratories  in 
which  diphtheria  cultures,  suspected  sputum,  blood  examination  and  other  tests 
essential  to  scientific  medicine  are  made  and  laboratories  in  which  water  and 
food  supplies  are  carefully  guarded.  It  has  a  corps  of  expert  diagnosticians  ready 
to  aid  the  practitioner  in  all  suspected  cases,  free  of  charge  to  either  the  medical 
man  or  the  patient.  It  provides  medical  school  inspectors  who  detect  infection 
in  its  earliest  stages,  excellent  hospitals  in  which  the  sick  have  the  best  care  and 
treatment  and  nurses  who  patrol  the  tenements  and  other  homes  of  the  poor  and 
give  instruction  in  sanitation.  It  examines  cooks  and  waiters  to  see  that  none 
of  these  may  distribute  typhoid  fever,  tuberculosis,  syphilis  or  other  infections. 
It  inspects  meat  markets,  bakeries,  milk  stations  and  other  places  of  food  supply 
and  has  the  authority  to  close  these  when  unsanitary  conditions  are  found. 

The  last  legislature  of  Michigan  made  an  appropriation  of  one  hundred  thou- 
sand dollars  and  directed  the  State  Board  of  Health  to  expend  it  in  attempts  to 
restrict  tuberculosis.  Several  thousand  citizens  have  already  been  examined  free 
of  charge  in  order  that  this  disease  may  be  detected  in  its  early  stages  when  it 
is  amenable  to  hygienic  treatment.     These  people  are  not   only    examined,   but 
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those  found  infected  are  instructed  how  to  Hve  in  order  to  avert  the  progress 
of  the  disease. 

I  have  chosen  to  bring  these  matters  before  you  in  order  to  impress  upon 
you  the  relation  which  the  profession,  which  you  liave  selected,  bears  to  the  pub- 
ic. Even  the  physician  who  devotes  himself  wholly  to  what  is  known  as  private 
practice  does  not  escape  his  duties  to  the  public.  He  is  morally  bound  not  only 
to  do  his  full  duty  to  the  individual,  who  employs  him,  but  to  protect  the  com- 
munity. You  have  chosen  to  come  to  a  school  supported  by  the  State.  Michigan 
practically  gives  you  your  education.  Why  does  it  do  this  and  what  does  it 
demand  of  you  in  return  for  this  great  gift?  It  expects  that  you  possess  in- 
telligence, for  without  this,  the  gift  is  valueless;  that  you  manifest  industry  both 
during  and  after  your  student  life,  for  without  this,  you  bury  your  talent;  that 
in  all  your  actions,  both  professional  and  nonprofessional,  you  show  the  most  sin- 
cere integrity,  for  without  this,  you  become  a  menace  to  your  benefactor.  The 
State  has  selected  this  faculty  to  ascertain  to  what  extent  each  of  you  possesses 
these  essential  qualifications  and  I  can  assure  you  that  those  found  wanting  will 
not  find  their  way  into  the  profession  througlr  these  doors.  To  those,  who  prove 
worthy,  every  reasonable  encouragement  and  proper  assistance  will  be  given. 

I  am  sometimes  asked  what  financial  reward  can  the  medical  man  reasonably 
expect?  This  is  a  proper  question  and  I  am  ready  to  give  it  my  answer.  In 
the  first  place  a  medical  education,  even  with  the  relatively  small  tuition  one  pays 
in  a  State  University,  is  the  most  expensive  professional  education,  both  in  time 
and  money,  both  to  the  State  and  to  the  student. 

The  laboratory  expeiises  of  the  medical  student  are  higher  than  those  in  any 
other  school.  Where  other  students  buy  books,  he  buys  not  only  more  expensive 
books,  but  he  must  also  purchase  a  microscope,  blood  counter,  and  other  ex- 
pensive instruments.  After  graduation  most  medical  students  spend  from  one 
to  three  years  in  hospital  work  and  at  least  one  of  these  promises  soon  to  become 
obligatory  on  all.  AX'hen  he  begins  practice  the  medical  man  must  have  a  re- 
spectable office  and  a  well  equipped  laboratory.  He  must  continue  to  buy  ex- 
pensive books  for  the  average  medical  book  is  out  of  date  almost  as  soon  as  it 
leaves  the  press,  so  rapid  has  been  the  advance  in  scientific  medicine  in  the  past 
thirty  years.  He  cannot  do  without  the  best  professional  journals  and  being  a 
member  of  a  learned  profession  he  is  ashamed  to  be  ignorant  of  the  best  gen- 
eral literature.  In  his  consulting  room,  his  visits  to  the  homes  of  his  patient  and 
in  his  association  with  his  fellows  he  must  Ijc  neatly,  though  he  need  not  be  ex- 
pensively, dressed.  He  must  supply  himself  with  means  for  quick  and  comfort- 
able travel.  Without  going  into  further  particulars  I  may  say  that  by  the  time 
he  is  ready  to  begin  his  professional  work,  the  most  economical  medical  man 
has  already  made  an  investment  of  from  ten  to  twenty  thousand  dollars,  count- 
ing his  actual  expenses,  allowing  a  fair  amount  for  liis  time  and  calculating  the 
interest  on  these  amounts,  and  when  he  begins,  lie  must  lia\e  the  wherewithal 
to  make  his  work  successful.  No  medical  man  can  neglect  llie  financial  side  of 
his  life's  work.  Without  an  adequate  income  he  cannot  reach  a  high  degree  of 
efficiency  in  his  work.  However,  the  medical  man  who  is  imbued  with  the  right 
spirit  will  use  his  financial  gains  largely  in  increasing  his  professional  cfiiciency. 
After  setting  aside  enough  for  the  fair  support  of  himself  and  those  dependent 
upon  him,  he  will  devote  the  surplus       and  there  must  be  a  surplus  if  he  is  to  be 
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successful — to  better  equipment,  both  physically  and  mentally.  It  has  been  my 
observation  that  the  more  intelligent  laity  respects  the  physician,  who  endeavors 
to  keep  himself  well  posted  and  well  equipped  in  his  professional  work.  Medi- 
cal men  who  attend  their  local.  State  and  national  societies  are  as  a  rule  suc- 
cessful financially  while  those  who  think  that  they  cannot  leave  their  work  even 
for  self-improvement,  have  a  hard  time  in  making  ends  meet.  One  wdio  wishes 
to  accumulate  a  fortune  or  to  become  wealthy  as  that  term  is  now  understood, 
should  choose  some  other  calling-.  I  know  of  no  one  who  has  placed  himself  in 
this  class  by  the  reputable  practice  of  medicine.  Some  medical  men  have  made 
riches  by  fortunate  investments,  but  this  is  an  exception.  Some  marry  wealth, 
but  this  is  usually  fatal  to  professional  efficiency.  I  know  of  but  one  man  who 
has  demonstrated  his  ability  by  winning  the  highest  distinctions  in  the  profes- 
sion notwithstanding  the  fact  that  he  married  a  wealthy  woman.  While  on  this 
point,  I  may  say  that  practice  coming  from  the  ultra-rich  is  not  to  be  coveted. 
They  are  exacting  in  their  demands  and  poor  pay.  They  object  to  ordinary  bills 
and  cry  out  that  they  are  being  sandbagged.  As  I  write  this,  I  have  before  me 
such  a  letter  from  a  millionaire.  He  admits  that  he  selected  the  medical  man 
on  account  of  his  recognized  skill,  that  he  knew  what  the  charges  would  be  be- 
fore the  services  were  closed  and  that  he  did  not  object  at  that  time,  because 
he  was  afraid  that  the  medical  man  would  desert  him,  but  when  payment  was 
demanded,  he  claimed  that  he  was  being  sandbagged  because  he  was  known  to 
be  rich.  The  ultra  rich  are  familiar  with  the  use  of  the  sandbag  in  extorting 
money  from  others  and  they  see  its  phantom  in  even  the  most  moderate  bills 
presented  them. 

The  medical  practitioner  endowed  with  intelligence,  fortified  with  industry 
and  with  his  every  action  controlled  by  strict  integrity  is  sure  to  make  a  decent 
living,  care  for  himself  and  family  in  comfort  and  he  need  not  sleep  in  a  pauper's 
grave.  He  is  not  compelled  to  sacrifice  his  self-respect  to  expediency.  His  call- 
ing is  quite  as  independent  as  any  other.  He  can  choose  his  own  friends,  church 
and  political  affiliation.  The  man  who  is  sick  with  pneumonia,  or  has  an  inflamed 
appendix  does  not  consult  the  society  columns,  the  church  directory  nor  the  poll- 
ing lists  w'hen  he  selects  his  medical  attendant.  He  prefers  the  man  who  is  likely 
to  render  him  the  best,  service  and  the  intelligent  public  in  the  long  run  and  on 
the  whole  judges  wisely.  There  never  has  been  a  time  when  individual  worth 
among  medical  practitioners  was  more  correctly  evaluated  and  I  may  add,  more 
highly  estimated,  than  the  present.  Medicine  has  cast  ofif  the  veil  of  mystery 
which  once  covered  her  face  and  walks  among  men,  uncovered  and  unashamed. 
The  days  of  "divine  healers,"  Indian  medicine  fakirs  and  of  Mrs.  Winslow  and 
Lydia  Pinkham  are  passing  away.  Some  may  say  that  these  statements  are  con- 
tradicted by  the  wide  prevalence  of  christian  science,  osteopathy  and  other  cults. 
These  are  only  the  vagaries  which  have  taken  form  in  the  delirium  racked  brain 
of  a  fast  dying  superstition.  Did  our  Government  select  any  of  these  agencies 
in  its  successful  combat  with  yellow  fever  in  Cuba  or  on  the  Canal  Zone?  Has 
it  relied  upon  them  to  keep  Asiatic  cholera  or  the  plague  out  of  this  country? 
Did  it  send  christian  scientists  or  osteopaths  to  stay  the  epidemic  threatened  by 
the  Dayton  floods?  Are  these  cults  now  busy  healing  the  wounds  and  adjusting 
the  dislocated  bones  so  abundant  on  European  battlefields?  Our  Tady  of  Lour- 
des  and  Ste  Anne  Beauprie  are  apparently  not  on  duty  at  a  time  when  shell- 
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torn  and  flame-tortured  humanity  is  in  greatest  need  of  their  much  extolled, 
miraculous  powers  of  healing.  The  genuine  worth  of  scientific  medicine  has 
never  been  so  thoroughly  tested  as  in  the  present  war.  Amid  unprecedented  dif- 
ficulties, in  the  camps  where  millions  are  congregated,  in  the  quick  transporta- 
tion of  corps  after  corps,  in  the  trenches  and  even  among  the  prisoners  of  war, 
always  cared  for  grudgingly  and  reluctantly,  everywhere,  preventive  medicine 
has  successfully  met  her  old  foes,  typhoid  fever,  dysentery,  cholera,  tetanus, 
and  other  epidemics,  which  in  former  wars  have  usually  been  the  most  destruc- 
tive factors  in  the  midst  of  contending  armies,  and  have  often  decided  battles 
and  determined  the  fate  of  nations.  Decisive  victories  have  not  yet  followed 
the  flags  of  the  central  or  the  allied  armies,  but  in  all,  the  Red  Cross  signalizes 
the  most  triumphant  achievement  of  man.  International  laws  have  been  torn 
into  shreds  and  become  mere  scraps  of  paper,  moral  and  religious  precepts  and 
codes  have  been  supplanted  by  brutalities  never  practiced  by  primitive  man  and 
the  foundations  of  civilization  have  seemed  to  be  on  the  point  of  disruption  and 
final  collapse,  but  the  spirit  and  ideals  of  scientific  medicine  remain  unsullied  and 
a  new  world  in  which  these  shall  dominate  will  be  created. 

Medicine  oft'ers  a  number  and  variety  of  special  activities  to  those  who 
choose  it  as  a  career.  First,  there  is  the  grand  division  into  preventive  and  cura- 
tive. The  former  is  a  product  of  the  Nineteenth  Century,  the  latter  as  old  as 
the  records  of  man.  The  oldest  and  still  a  widely  dominant  theory,  as  to  the 
cause  of  disease  is  that  it  is  an  infliction  laid  upon  man  by  some  supernatural 
being.  Primitive  man,  which  term  once  embraced  all,  and  in  this  particular,  still 
includes  many,  probably  a  majority,  even  among  the  most  highly  cultured  na- 
tions, believed  in  the  existence  of  powerful  spirits,  who  measured  out  good  and 
ill  to  individuals  as  their  own  will  might  indicate.  The  religion  of  such  believers 
consisted  and  still  consists  in  attempts  to  propitiate  these  powerful,  or  one  om- 
nipotent, spirit.  They  built  and  still  build  altars  of  sacrifice  and  temples  of  de- 
votion in  which  they  proclaim  their  own  weakness  and  implore  divine  protec- 
tion and  guidance.  They  still  beseech  a  supreme  ruler  to  shower  blessings  upon 
themselves  and  curses  upon  their  enemies.  In  the  hands  of  the  Jehovah  of  the 
Jews  disease  was  a  scourge  for  the  punishment  of  those  who  merited  his  dis- 
pleasure. In  the  adoption  and  modification  of  the  Hebrew  religion  by  the  Chris- 
tian world,  the  idea  of  a  God  of  wrath  was  adopted,  and  still  prevails.  Even 
today  in  battle  scarred  Europe,  the  same  God  is  invoked  and  his  aid  asked  in 
each  contending  army.  With  this  inborn  superstition  transmitted  through  count- 
less generations,  scientific  medicine  has  had  to  contend.  The  C()ni])at  has  ex- 
tended through  centuries  as  is  shown  by  the  earliest  records  of  human  achieve- 
ment. The  first  signal  victory  was  won  when  Jenner  robbed  smallpox  of  its 
horrors  by  the  discovery  of  vaccination  and  success  was  assured  by  the  labors 
of  Eouis  Pasteur  who  marked  the  way  by  which  eacli  infection  m.'iy  l)e  iclcnlilied, 
controlled  and  abated. 

An  enlightened  pubHc  is  Ijeginning  to  recognize  that  many  diseases,  espe- 
cially the  infections,  are  preventable  and  the  medical  profession  is  being  called 
upon  to  plan  and  direct  this  work.  Many  of  tlie  smaller  cities  and  some  rural 
communities  are  ])r()vi(ling  for  full  time  lualth  commissioners  and  the  demand 
is  greater  than  the  sui)pl\-.  This  and  other  universities  are  conducting  courses 
.specially  suitable   for   pnl'lie   health   ol'lieials.      1    am   sure   that    some  of  }-ou    will 
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select  this  field  for  the  development  of  your  life  work.  In  it  there  is  abundant 
opportunity  to  do  credit  to  yourself  while  you  serve  the  highest  interests  of  your 
fellow-man.  The  labors  of  Reed  and  his  colleagues  demonstrated  the  agencies 
by  which  yellow  fever  is  spread  and  Gorgas  and  his  helpers  freed  Cuba  from 
this  disease  and  won  a  greater  triumph  in  the  Canal  Zone.  Laveran  and  Ross 
did  even  a  greater  service  in  showing  how  the  world  may  free  itself  from  malaria, 
which  in  all  times  has  held  some  of  the  fairest  and  most  fruitful  lands  under  its 
curse.  Preventive  medicine  is  now  capable  of  opening  up  the  tropics  as  suitable 
habitations  for  civilized  man.  of  removing  the  stigma  of  being  the  •'home  and 
nursery  of  disease"  from  the  fertile  valleys  of  the  Nile,  and  of  returning  to  cul- 
tivation the  banks  of  the  Euphrates  and  the  Tigris  on  which  the  cradle  of  civiliza- 
tion was  rocked.  I  cannot  believe  that  coming  generations  will  be  so  insane  as 
not  to  use  this  most  potent  agent  in  reclaiming  the  marsh,  the  wilderness  and  the 
barrens,  and  converting  them  into  fields,  rich  in  agricultural  products  and 
abundant  in  happy  homes.  Man's  destiny  is  in  his  own  hands  and  he  may  make 
of  this  earth  a  heaven  of  peace,  plenty  and  prosperity,  or  he  may  mar  it  into 
a  hell  of  strife,  rapine  and  murder.  In  knowledge  he  has  advanced  to  a  position 
in  which  he  becomes  a  co-worker  with  the  Creator,  and  he  must  bear  the  re- 
sponsibilities which  such  power  imposes.  In  the  struggle  between  good  and 
evil,  knowledge  and  ignorance,  science  and  superstition,  medicine  has,  and  must 
continue,  to  lead  the  way,  and  you  as  its  standard  bearers  must  serve  your  day 
and  generation  with  intelligence,  industry  and  integrity.  I  do  not  mean  that 
you  are  to  do  your  work,  always  conscious  of  the  burden  of  duty.  With  all  its 
imperfections  this  life  is  Avorth  living  and  its  highest  joys  lie  in  its  contests.  The 
man  who  does  not  get  real  pleasure  out  of  his  work  remains  a  poor  workman  and 
his  products  do  not  find  ready  sale  in  the  market.  Even  the  bitterest  disappoint- 
ment, when  you  have  done  your  best,  often  becomes  a  beacon  light  warning  you 
of  the  rocks  and  leading  you  into  a  safe  harbor. 

It  must  not  be  inferred  from  the  great  stress  that  I  have  placed  upon  pre- 
ventive medicine  that  the  curative  art  is  not  ec[ually  worthy.  Moreover,  cure  is 
not  going  to  be  replaced  wholly  by  prevention.  Disease  and  accident  will  con- 
tinue so  long  as  man  reproduces  his  kind.  The  history  of  this,  the  older,  branch 
of  medicine,  is  that  of  man's  efforts  to  relieve  the  distress  and  to  minister  to  the 
needs  of  his  fellow  man.  Born  in  ignorance,  nourished  on  superstition,  clothed 
with  mysterious  rites  and  ceremonies,  medicine  has  had  a  hard  task  to  free  it- 
self from  hereditary  and  environmental  influences.  Attempts  to  break  away 
from  these  adverse  and  retarding  conditions  have  marked  the  highest  efforts  of 
the  race.  During  nearly  every  century  since  recorded  history  began,  there  have 
been  some  superior  men,  intelligent  and  far-seeing  above  the  masses,  who  have 
contributed  something  to  science.  Such  were  Hippocrates,  Galen,  Pare,  Serve- 
tus,  Harvey  and  others  whom  we  now  delight  to  honor  as  contributors  to  knowl- 
edge and  benefactors  to  the  race.  The  discoveries,  by  empirical  methods,  of  the 
specific  effects  of  Peruvian  bark  in  malaria  and  of  mercury  in  syphilis  did  much 
to  improve  the  condition  of  life  and  to  enlarge  the  field  of  human  endeavor. 
Since  the  scientific  era  began,  the  marvelous  virtue  of  antitoxin  in  diphtheria; 
its  great  value  in  tetanus;  the  relief  of  cretinism  by  thyroid  feeding;  the  action 
of  thymol  in  hookworm  disease;  the  benefit  of  salvarsan  in  the  treatment  of 
syphilis;  the  Pasteur  treatment  of  hydrophobia;  the  prevention  and  cure  of  berri- 
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berri  by  nutritional  regulation,  mark  some  of  the  most  evident  achievements  in 
curative  medicine.  For  diagnostic  and  prognostic  purposes  the  medicine  man 
of  primitive  peoples  consulted  oracles,  watched  the  peristaltic  movements  of 
the  intestines  of  animals  offered  in  sacrifice,  or  read  the  fate  of  his  patient  in  the 
positions  of  th.e  stars.  The  physician  of  today  employs  the  discoveries  in  phys- 
ics, chemistry  and  biology  for  these  purposes.  The  physician  of  fifty  years  ago 
was  compelled  to  rely  largely  upon  the  study  and  interpretation  of  symptoms  in 
which  the  best  became  highly  proficient ;  today  he  supplements  these  studies  with 
the  microscope.  Roentgen  ray,  test  tube,  and  other  instruments  of  scientific  pre- 
cision. Then,  his  conclusions  were  drawn  largely  from  guesses,  now  they  are 
founded  upon  exact  and  positive  knowledge.  A  large  part  of  your  undergraduate 
education  will  consist  in  familiarizing  yourselves  with  the  use  and  application  of 
instruments  of  precision  for  diagnostic  purposes.  Each  year  brings  forth  ad- 
vances in  the  fundamental  sciences  and  medicine  is  ever  ready  to  utilize  such 
discoveries  as  may  be  of  service  in  the  prevention  or  cure  of  disease.  It  has 
been  demonstrated  that  the  physiological  action  and  therapeutical  effects  of  a 
chemical  compound  can  be  modified  by  changes  in  its  molecular  structure.  The 
genius  of  Ehrlich  produced  salvarsan  and  its  later  substitutes  in  accordance  with 
this  principle  and  the  possibility  of  finding  curative  agents  in  other  diseases  by 
similar  investigations  is  now  occupying  the  time  and  energy  ol  many  laboratory 
students.  While  the  achievements  of  preventive  medicine  have  greatly  reduced 
the  numbers  of  those  infected,  medicine  is  not  neglecting  its  curative  agents  and 
we  can  confidently  expect  great  results  in  this  direction. 

The  advance  of  modern  surgery  has  been  marvelous.  Xo  greater  gifts  has 
science  brought  to  suffering  man  than  surgical  anesthesia,  the  discovery  of  which 
American  medicine  can  justly  boast,  and  aseptic  surger},  made  possible  by  the 
fundamental  work  of  Pasteur  and  given  practical  application  through  the  genius 
of  Lister.  These  discoveries  enable  the  surgeon  to  penetrate  every  part  of  the 
body  and  remove  diseased  tissue,  repair  injuries,  extract  foreign  bodies  and  re- 
store the  individual  to  health  and  efficiency  while  he  sleeps  wholly  unconscious 
of  the  operation.  Plastic  surgery  has  become  a  fine  art  and  the  successful  trans- 
plantation of  tissue  is  being  practiced  in  the  base  hospitals  of  Europe,  where  the 
brutalities  of  man  are  being  ameliorated  by  skillful  operation.  The  possibility 
of  not  only  ])rcserving  but  of  growing  animal  tissue  in  viiro  has  been  demon- 
strated and  has  developed  a  reasonable  hope  that  the  surgeon  of  the  future  may 
do  still  greater  miracles. 

The  development  of  medicine  must  be  preceded  by  scientific  discovery,  be- 
cause medicine  consists  in  the  application  of  these  discoveries.  It  follows  that 
the  highest  dut}'  of  tlie  medical  man  is  to  make  contributions  to  scientific  ad- 
vances. In  the  past,  medical  men  have  made  an  honorable  record  in  this  direc- 
tion and  there  is  no  branch  of  science  to  which  they  have  not  brought  valuable 
contributions.  Even  at  the  present,  the  open  field  of  knowledge  is  of  small  di- 
mensions, while  on  every  side  extends  the  Ijoundless  wilderness  of  ignorance.  It 
has  been  a  great  privilege  and  a  joy  to  have  lived  at  a  time  when  my  chosen 
profession  has  been  so  rapidly  moving  forward  and  to  ha\e  met  lace  to  tace  so 
many  of  its  leaders.  It  lias  been  my  fortunalr  lot  lo  work  in  the  laboratory  of 
lliat  great  Ccrman,   Koch,   tn  have  listened   lo   llie   words  of   that  great   hjiglish- 
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man.  Lister,  to  have  enjoyed  the  friendship  of  that  great  Russian,  Metchnikoff, 

and  to  have  looked  into  the  kindly  face  of  the  greatest  man  of  the  generation, 

if  greatness  be  measured  by  good  done  one's  race,  that  Frenchman,   Pasteur. 

May  some  spark  of  the  genius  which  led  these  men  to  great  accomplishments 

descend  upon  and  abide  in  vou. 

_f/.  C.   V. 
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A  STUDY  OF  THE  LIPIN  CONTENT  OF  THE  LIVER   IN  TWO  CASES 

OF  DYSPITUITARISM* 


By  Aldred  Scott  Warthix,  Ph.D.,  M.D.,  Ann  Arbor,  Mich. 


THE  question  of  the  fat-content  of  the  various  organs  and  tissues,  in  normal  and 
in  pathologic  conditions,  has  been  the  subject  of  much  discussion  and 
research  during  the  last  decade.  As  the  result  of  numerous  investigations  we 
know  today  that  the  majority  of  the  tissues  and  all  of  the  organs  of  the  body 
contain  fat  under  normal  conditions.  As  regards  the  presence  of  fat  normally 
in  the  hematopoietic  organs  there  is  still  some  conflict  of  opinion ;  but  in  certain 
pathological  conditions  these  organs  show  marked  accumulations  of  lipoid  bodies 
showing  that  they  must  bear  some  important  relation  to  certain  forms  or  phases  of 
fat-metabolism,  at  least.  Great  interest  has  been  aroused  by  the  discovery  of 
the  important  part  played  by  the  lipoid  bodies  in  various  pathologic  processes, 
and  lipoid  cells  (cells  with  large  amount  of  pale,  vacuolated,  foamy,  reticulated 
cytoplasm  and  small,  deeply  staining  eccentrically  placed  nuclei)  are  at  the 
present  time  attracting  much  attention  in  pathologic  histology.  They  have  been 
found  in  many  pathological  processes;  in  inflammatory  infiltrations,  particularly 
lymphoid  areas,  in  chronic  aortitis,  appendicitis,  salpingitis,  pyelitis,  old  oxarian 
abscesses,  chronic  mastitis,  chronic  cholangitis,  prostatitis,  chronic  nephritis. 
actinomycotic  abscesses,  chronic  granulation  tissue,  leprosy,  rhinoscleroma, 
chorioid  plexus,  adrenals,  neoplasms,  etc.  Tlic  xanthoma  and  pseudoxanthoma 
cells  are  lipoid  cells.  As  to  the  histologic  origin  of  the  lipoid  cells  there  has  been 
much  discussion;  they  are  probaljly  fil)roblastic  (reticulo-cndothelial)  cells  in  a 
state  of  lipoid  infiltration  (lipoid  macrophages). 

The  chemical  nature  of  the  lipoid  bodies  represents  still  an  almost  unknown 
field.  The  school  of  AschofiF  divides  them  into  three  groups,  filyccriit-cslcrs. 
cliolcstcriii-estcrs,  and  lipoids  in  a  narrower  sense  (phosphatid,  ccrebrosid,  fatty 
acids,  and  soaps).     Mixtures  of  these  substances,  particularly  of  cholesterinesters 
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and  lipoids,  are  not  rare.  Histologically  the  lipoids  may  be  demonstrated  by 
staining  with  osmic  acid,  Sudan  iii,  Scharlach  R,  Neutral  red,  Nile  blue;  by  the 
methods  of  Smith-Dietrich.  Fischler,  and  Ciaccio,  and  by  polarized  light.  The 
cholesterol  lipoids  are  doubly  refractive  (anisotropic)  and  stain  less  black  with 
osmic  acid,  and  more  yellow  or  brownish  with  Sudan  iii  and  Scarlet  R  than  do 
the  glycerin-esters. 

Aschoff  regards  cholesterol-ester  infiltration  as  a  sign  of  chronic  inflamma- 
tion or  of  a  chronic  disturbance  of  metabolism.  According  to  his  views,  in 
conditions,  such  as  glycosuria,  pentosuria,  and  chronic  icterus,  in  which  choles- 
terin-esters  are  present  in  abundance  in  the  blood-plasma  (cholesteringemia)  the 
cholesterin-esters  are  taken  up  by  the  cells  (anisotropic  fatty  infiltration).  How- 
ever, AscholT's  views  are  not  generally  accepted,  and  by  some  writers  are 
regarded  as  premature. 

Our  conceptions  of  the  lipin  metabolism  of  the  body  have  recently  been 
greatly  widened  by  the  discovery  that  lipoid  bodies  accumulate  in  the  spleen  and 
blood-forming  organs  in  certain  pathologic  conditions,  notably  diabetic  lipemia 
and  Gaucher's  disease.  In  1903,  Fischer  noted  in  a  case  of  lipemia  that  the 
spleen  was  hyperplastic  and  showed  a  diffuse  infiltration  of  fat-droplets.  Not 
until  1912  was  a  similar  observation  recorded  when  \\'.  H.  Schultze  reported  a 
case  of  diabetic  lipemia  in  which  the  spleen  showed  almost  complete  replacement 
of  the  pulp  with  large,  pale,  vacuolated  cells  containing  a  lipoid  substance 
probably  closely  related  to  cholesterol.  Comparing  his  material  with  that  from  two 
cases  of  Gaucher's  disease  he  concluded  that  the  pale  vacuolated  cells  in  the 
latter  affection  were  also  filled  with  a  lipoid  substance  and  identical  with  the 
cells  of  his  case.  Brill  and  Mandlebaum,  in  1913,  were  unable  to  demonstrate 
the  presence  of  lipoids  in  the  spleen  in  a  case  of  Gaucher's  disease,  but  their 
examination  does  not  appear  to  have  been  complete.  Lutz,  in  1914,  reported  two 
cases  of  large-celled  hyperplasia  of  the  spleen  pulp  in  diabetic  lipemia,  showing  that 
his  cases  were  similar  to  the  one  of  Schultze;  and  that  the  large,  pale,  vacuolated 
cells  were  identical  with  those  seen  in  the  spleen  in  Gaucher's  disease,  but  that 
the  identity  of  the  lipoid-containing  cells  did  not  prove  that  the  two  processes 
were  identical.  Sapegno  has  also  reported  two  cases  of  Gaucher's  disease, 
concluding  that  the  characteristic  large  pale  cells  show  a  deposit  of  lipoids,  and 
are  similar  to  the  cells  found  in  the  spleen  in  diabetic  lipemia.  He  also 
refers  to  a  case  of  obstructive  jaundice  observed  by  Kramer  in  which  masses 
of  lipoid  cells  were  found  in  Glisson's  capsule  of  the  liver  and  in  the  splenic 
trabeculse. 

Following  these  observations  Anitschkow  produced  in  rabbits  by  prolonged 
feeding  of  cholesterol  the  same  picture  of  large  pale  vacuolated  cells  (cholesterol 
steatosis)  in  the  spleen,  lymph  nodes  and  bone  marrow  as  that  seen  in  Gaucher's 
disease  and  diabetic  lipemia.  In  1916,  A\'ahl  and  Richardson  reported  a  study 
of  Gaucher's  disease  in  an  infant  eleven  months  old.  The  spleen,  liver,  and 
lymph  nodes  presented  the  usual  picture  of  Gaucher's  disease,  but  in  addition 
the  medulla  of  both  adrenals  was  almost  completely  replaced  by  clusters  of 
large  pale  vacuolated  cells.  Similar  cells  were  found  in  the  intestines,  Peyer's 
patches,  thymus,  and  adventitia  of  some  of  the  smaller  vessels.  A  thorough 
chemical  and  histological   study  was  made  of  this  case;  and  the  writers   con- 
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ludc  that  Gaucher's  disease  is  due  to  a  disturbance  of  lipoid  and  fat  metabolism 
esulting  in  the  accumulation  of  lipoid  substances  in  the  cytoplasm  of  large  pale 
ells  that  are  chiefly  reticulo-endothelial  cells  of  the  spleen,  lymph-nodes,  bone 

iiarrow,  liver,  Kupffer  stellate  cells,  etc.  These  cells  are  concerned  in  the 
_ietabolism  of  the  fats  and  lipoids  and  comprise  the  "endothelial-Stoffwechsel- 
pparate."  In  advanced  cases  specific  parenchymal  cells  also  take  up  the  lipoids. 
There  is  not  only  a  marked  increase  in  the  lipin  content,  but  a  marked  alteration 
n  the  normal  relations  of  the  lipins.  The  fixed  fats  are  greatly  reduced,  and 
he  lipoids,  such  as  lecithin  and  cholesterol,  greatly  increased.  A  lecithin-like  body 
)redominated  in  their  case.  Gaucher's  disease  therefore  must  be  classed  with  the 
roup  of  xanthelasmic  conditions  which  are  characterized  by  a  more  or  less 
lififuse  accumulation  of  lipoids  in  reticulo-endothelial  or  fibroblastic  cells  in  one 
3r  more  organs.  It  is  a  more  diffuse  and  widespread  involvement  of  the 
'endothelial-Stoffwechselapparate"  than  the  cases  of  large-celled  hyperplasia  of 
jthe  spleen  seen  in  diabetic  lipemia. 

A  clinical  and  pathological  study  of  two  cases  of  Gaucher's  disease  in 
[infants  reported  by  Knox,  Wahl  and  Schmeisser,  in  1916,  includes  the  case  given 
above  and  the  sister  of  that  case,  aged  fifteen  months.  The  pathological  findings 
in  the  second  case  were  similar  to  those  of  the  first ;  the  essential  feature  being  the 
occurrence,  particularly  in  the  hematopoietic  system,  of  large  pale  vacuolated  cells 
containing  a  peculiar  refractive  substance  having  the  chemical  and  staining 
properties  of  lipoid  material.  These  writers  regard  their  two  cases  as  identical 
with  the  cases  reported  as  Gaucher's  disease,  and  conclude  that  this  affection  "is 
not  primarily  a  disease  of  the  spleen,  or  of  any  other  organ,  or  set  of  organs,  but  is 
ja  generalized  process  due  to  a  disturbance  in  fat  metabolism,  manifesting  itself 
by  lipoid  metamorphosis,  that  is,  by  the  more  or  less  dift'use  accumulation  of  lipoid 
material  in  many  cells  with  the  formation  of  the  characteristic  large  pale  cells. 
This  process  is  most  prominent  in  the  hematopoietic  system,  especially  in  the 
spleen  and  lymph  nodes,  organs  that  are  said  to  play  a  not  unimportant  role  in 
abnormal  fat  metabolism." 

If  these  conclusions  as  to  the  nature  of  Gaucher's  disease  are  correct,  an  en- 
tirely new  field  of  pathologic  metabolism  has  been  opened  up,  aside  from  the  eluci- 
dation of  the  nature  of  the  mysterious  large  pale  cell  characteristic  of  this  process. 
As  our  knowledge  of  the  lipoid  bodies  is  so  incomplete  any  new  light  thrown  uimn 
fat  and  lipoid  metabolism  becomes  particularly  valuable  at  this  stage.  Through  the 
study  of  such  pathologic  disturbances  of  lipoid  metabolism  we  may  gain  important 
knowledge  of  the  normal  metabolism.  Some  progress  into  this  field  has  already 
been  made.  The  part  played  by  the  adrenals  and  spleen  in  lipoid  metabolism  has 
already  been  pointed  out  by  several  writers.  Krylow  believes  that  the  adrenal 
cortex  regulates  lipoid  metabolism,  and  that  any  insuHiciency  on  its  i)art  would 
lead  to  an  accumulation  of  lipoids  in  other  parts  of  the  body.  Chalatow,  Soper. 
Kusunoki,  and  others  have  pointed  out  the  importance  of  the  role  of  the  si)leen 
in  lipoid  metabolism.  Soper  holds  that  the  spleen's  a])parint  large  jiart  in 
this  is  due  to  its  extensive  reticulo-endothelial  system.  The  liver  also  plays  a  veiy 
important  part  in  the  regulation  of  cholesterin  metabolism.  T'y  some  writers 
it  is  placed  between  the  adrenals  and  the  spleen  and  endotlu'lial  appar.atus  in  its 
relative  inipnrtance  in   so   far  a^  iIiIn   function   is  concerned.      (  )ther  organs  and 
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tissues  (sex-glands,  panniculus,  etc.)  may  play  an  important  role  in  the  main- 
tenance of  cholesterol  equilibrium,  but  we  as  yet  have  no  definite  knowledge  of 
such  metabolic  processes.  Increase  of  cholesterin  in  the  blood  has  been  noted  in 
pregnancy.  Injection  of  cholesterin  emulsions  in  tumor-grafted  rats  has  appeared 
to  increase  the  rate  of  tumor-growth  (Burnett  and  Robertson).  Luden  has  found 
high  cholesterin  values  in  patients  suffering  from  malignant  disease,  and  on  very 
insufficient  grounds  has  advanced  the  hypothesis  that  cholesterin  retention  due 
to  insufficient  conversion  or  deficient  elimination  may  be  a  primary  factor  in  the 
etiology  of  malignant  disease. 

All  forms  of  disturbances  of  fat  metabolism  should  be  studied  in  the  attempt 
to  add  knowledge  to  this  subject,  particularly  those  of  a  generalized  character.  I 
wish  to  present  here  such  a  study  in  a  field  as  yet  untouched,  the  marked  disturb- 
ances of  fat-metabolism  occurring  in  hypophysis  disease  (dyspituitarism).  Two 
autopsy  cases  of  this  condition  showing  the  two  stages  of  this  affection,  one  of 
adolescent  dystrophia  adiposo-genitalis,  the  other  of  dyspituitarism  in  an  adult 
following  an  acromegalic  stage,  have  occurred  in  my  service  Both  cases  presented 
the  striking  obesity  characterizing  hypopituitarism.  As  far  as  I  have  been  able  to 
discover  no  studies  have  as  yet  been  made  of  the  character  of  the  fat  in  this  condi- 
tion. Gushing,  in  his  book  on  "The  Pituitary  and  its  Disorders"  remarks  (page 
258)  that  "The  adiposity  of  hypopituitarism  is  a  generalized  one — not  limited 
solelyto  the  panniculus — though  its  bedside  recognition  is  necessarily  restricted  to 
the  character  of  the  subcutaneous  disposal.  The  fat  shows  postmortem,  certain 
peculiarities  of  color  and  consistency  which  suggest  a  different  chemical  composi- 
tion from  'normal  panniculus,'  and  is  worthy  of  a  differential  analysis.  It  further- 
more invades  the  organs,  and  in  the  liver  particularly,  there  is  often  an  extraordi- 
nary replacement  of  the  cells  by  fat  globules."  In  his  description  of  the  changes 
in  the  adrenals  (page  281)  he  says:  "As  is  true  of  the  experimental  states  of 
hyperpituitarism  [?],  so  in  the  clinical  cases  the  adrenals  which  we  have  had  an 
opportunity  of  studying  histologically  have  shown  an  abnormal  vacuolization  (a 
lipoid  change?)  of  the  cells  of  the  zona  fasciculata  of  the  cortex  (Fig.  313)." 
In  the  legend  of  this  figure  the  condition  is  correctly  stated  as  hypopituitarism, 
evidently  a  typographical  error  in  the  text,  and  the  adrenal  pictured  shows  a 
condition  of  marked  liposis. 

CASE  I. 

H.  F.,  Schoolboy,  aged  18  years.  American.  Admitted  to  Neurologic  Clinic 
(Dr.  Camp),  1-16-12. 

Chief  Complaint. — Failing  vision. 

Family  History.— Negative.    Two  brothers  and  two  sisters,  living  and  well. 

Previous  Personal  History. — Has  had  measles  and  smallpox.  No  history 
of  mjury.  No  bad  habits.  Has  had  some  headaches  ever  since  he  can  remember, 
accompanied  by  nausea  and  occasional  vomiting. 

Present  Trouble. — About  one  year  ago  the  headaches  became  more  severe 
and  constant.  He  then  had  convulsions,  and  was  unconscious  for  two  weeks  (with 
spasms  during  first  week).  No  fever.  Eyes  began  to  fail  two  years  ago.  Since 
the  attack  of  unconsciousness  his  headaches  have  been  less  severe.  At  present 
he  complains  chiefly  of  a  difficulty  in  vision  and  constant  sleepiness.  Is  in  the 
11th  grade  at  school.     Seems  as  bright  mentally  as  the  other  pupils. 
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Physical  Examination. — Very  obese  boy.  Height  4  ft.,  10^  in.  Weight. 
120^  lbs.  Panniculus  hangs  in  long  folds  from  breast  and  abdomen.  Feminine 
;ype.  Well  developed  mammae.  Face  rounded  and  full.  Skin  of  good  color.  No 
ixillary  hair;  very  little  pubic  hair.  Neck  very  short  with  adipose  collar.  Thy- 
-oid  not  enlarged.  Genitalia  very  poorly  developed,  hardly  visible.  Right  testicle 
undescended.  Hands  and  feet  short  and  stubby.  No  enlarged  glands.  Heart 
sounds  very  faint  and  irregular.  Mentality  good.  Facial  expression  drowsy. 
Occasionally  a  choreiform  movement  in  the  extremities.  Can  count  fingers  at 
about  five  feet.  Reflexes  diminished.  Prickly  sensations  at  times  over  the  skin, 
particularly  in  thighs.  Urine  negative.  R.b.c,  4,370,000;  w.b.c,  12,050;  hemo- 
globin 90.  X-ray  examination  shows  a  dense  mass  about  the  size  of  a  hazel-nut 
in  the  anterior  portion  of  the  sella.  Ophthalmologic  examination  showed  well- 
advanced  optic  atrophy.     Blood-pressure  105. 

Operated  by  Dr.  Canfield  2-9-12.  Took  anesthetic  badly.  Route  through  the 
sphenoidal  cells  removing  part  of  the  floor  just  anterior  to  the  anterior  wall  of 
the  sella.  Through  the  opening  meninges  and  brain  bulged.  This  was  punctured 
and  about  two  drams  of  blood  and  fluid  escaped.  Operation  closed  without  re- 
moval of  hypophyseal  tumor.  Patient  recovered  consciousness,  and  remained  so 
for  several  hours  without  pain;  then  became  delirious,  with  spasms  of  eyes  and 
face,  great  restlessness.  Temperature  per  rectum  104°.  Became  gradually  semi- 
conscious. No  paralysis.  No  pain.  Developed  spasms  before  death  at  6  a.  m. 
next  morning.     The  autopsy  was  made  five  hours  after  death. 

Autopsy  Protocol. — External  Examination. — Body  of  a  very  obese  boy, 
apparently  about  ten  to  twelve  years  old.  Length  150  cm.  Somewhat  feminine 
in  type.  Breasts  very  fat ;  no  fluid  can  be  expressed  from  them.  Hands  and  feet 
short  and  thick.  Abdomen  above  level  of  thorax,  large  folds  of  panniculus.  Face 
has  a  rather  stupid  adenoid  expression.  Very  fat  and  rounded.  Marked  fatty 
collar.  Hair  of  head  is  abundant,  but  there  are  few  axillary  and  pubic  hairs ; 
these  are  fine  and  light  in  color.  Both  testicles  are  in  the  small  scrotum ;  they 
are  about  the  size  of  those  of  a  ten  year  old  boy.  Right  one  is  smaller.  Short 
retracted  foreskin ;  glans  normal.  Mucoud  secretion  dripping  from  meatus.  Pan- 
niculus throughout  very  thick  and  firm.  No  edema  except  slight  over  ankles. 
Muscles  poorly  developed.  Rigor  mortis  only  in  muscles  of  jaw.  Body  is  very 
warm,  feels  hot  to  the  touch.  Teeth  negative.  Nostrils  are  dilated,  and  contain 
clots  of  blood.  Arms  and  legs  show  a  number  of  bruises.  Hypostasis  is  marked, 
purplish  red.  Sacrococcygeal  dimple  is  very  marked.  Percussion  of  thymus 
region  shows  an  increased  area  of  dullness. 

Spinal  Cord. — Not  removed. 

Brain. — Scalp  and  periosteum  negative.  Skull-cap  is  thin,  particularly  over 
the  vertex  where  there  are  well  defuied  areas  of  deficient  ossification,  and  also  in 
the  region  of  the  fontanels.  Dura  is  firmly  adherent  all  over,  and  increased  in 
thickness  along  the  longitudinal  sinus.  Intracerebral  pressure  greatly  increased. 
Meningeal  and  pial  vessels  are  markedly  congested.  Meninges  over  frontal  lobes 
are  covered  with  fresh  blood-clot;  and  there  is  an  extravasation  of  blood  througli 
the  subarachnoid  space.  On  lifting  the  frontal  lobes  there  is  seen  a  large  recent 
clot  between  the  base  and  the  optic  nerves.  Blood  clots  in  left  temporal  and  oc- 
cipital regions.     Brain  is  adherent  1()  the  cranial   floor  in  the  noighborhoMd  of  (lie 
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hypophysis.  On  separating-  the  attachments  the  softened  brain  substance  in  the 
neighborhood  is  much  torn.  It  is  discolored  and  partly  necrotic  and  hemorrhagic. 
A  large  clot  extends  between  the  frontal  lobes  along  the  left  anterior  cerebral. 
The  softening  of  the  brain  substance  and  hemorrhage  are  most  marked  in  the 
neighborhood  of  the  chiasm  where  the  basal  dura  is  torn  and  the  floor  of  the 
skull  penetrated  by  the  operation  anterior  to  the  hypophysis.  No  trace  of  this 
organ  is  visible.  The  sella  is  not  greatly  enlarged  and  is  filled  with  a  projecting 
mulberry  mass,  very  hard  and  giving  a  clear  ringing  sound  when  struck.  In  the 
floor  of  the  cranium  just  anterior  to  the  sella  is  a  similar  hard  nodule  the  size  of 
a  peppercorn.  From  the  hard  mass  in  the  sella  an  atypical  softer  tissue  infiltrates 
the  discolored  and  softened  brain  tissue  lying  above  it.  The  basal  arachnoid  and 
pia  are  much  thickened  and  covered  with  recent  clots.  Ventricles  dilated,  contain 
a  blood-stained  fluid.  Pineal  gland  normal  in  size  and  appearance.  Choroid  plexus 
negative.    Cerebral  and  cerebellar  tissues  soft,  edematous  and  congested. 

Main  Section. — Abdominal  panniculus  5  cm.  thick ;  that  over  thorax  is  3  cm. 
It  differs  in  appearance  from  normal  fat;  when  first  cut  into  it  is  very  glistening, 
translucent,  very  firm  and  is  light  buffy-yellow  in  color.  The  panniculus  is  very 
warm  to  the  touch,  steaming.  On  cooling  it  becomes  more  buff  in  color,  opaque 
and  very  hard.  The  lobules  are  much  larger  than  normal  panniculus.  The  ap- 
pearances suggest  a  myxedematous  fat.  The  subserous  panniculus  is  3  cm.  thick 
and  of  the  same  character.  Omentum  and  epiploic  appendages,  mesentery  and 
subserosa  of  bladder  show  similar  thick  deposit  of  fat.  The  abdominal  and 
thoracic  muscles  are  small  and  show  abundant  fatty  infiltrations.  No  free  fluid 
or  gas  in  peritoneal  cavity.  Liver  very  large  extending  3  f.b.  below  ensiform, 
and  2  f.b.  below  edge  of  ribs  in  right  nipple  line.  Spleen  not  enlarged.  Diaphragm 
5th  rib  on  left;  4th  on  right. 

Thorax. — No  fluid  or  gas  in  thoracic  cavity.  Lungs  free.  Apex  of  heart  in 
4th  intercostal  space,  left  parasternal  line.  Mediastinal  fat  very  abundant.  Thymic 
region  filled  with  a  large  pink,  two-lobed  thymus,  the  left  one  extending  over  left 
ventricle  to  apex,  the  right  one  covering  the  right  auricle.  The  upper  boundary 
of  the  lobes  touches  the  thyroid.  Pericardium  normal.  Heart  normal  size;  un- 
dersized if  amount  of  panniculus  is  taken  into  account.  This  is  very  abundant. 
Right  ventricle  contains  large  red  and  white  clot.  Left  ventricular  wall  is  10 
mm.  thick.  Mitral  flaps  and  orifice  negative.  Pulmonary  artery  and  aorta 
negative.  Foramen  ovale  and  ductus  arteriosus  closed.  The  lungs  show  marked 
congestion  and  numerous  small  hemorrhages.  The  intima  of  the  ascending  portion 
of  the  aorta  shows  patches  of  fatty  degeneration. 

Neck  Organs. — Thyroid  is  small.  On  section  shows  but  little  colloid,  resem- 
bles foetal  thyroid.  Homogeneous  surface.  Four  brownish-pink  parathyroids. 
Not  enlarged.    Cervical  glands  not  enlarged. 

^&c?om^n.— Spleen  weighs  50  gms.  Soft.  Capsule  negative.  Follicles 
numerous,  large.  Cut  surface  shagreened.  Large  intestine  distended ;  unusually 
large ;  otherwise  negative.  Stomach  negative.  Pancreas  normal  in  size  and  con- 
sistency. Much  fat  about  it.  Both  adrenals  are  large,  absolutely  and  in  propor- 
tion to  size  of  kidneys.  Cortex  yellow,  medulla  hypoplastic,  much  fat  about 
both  adrenals.  Kidneys  have  enormous  fatty  capsules.  Fibrous  capsules 
strip      easily.       Fetal     lobulations      well      preserved.     On  section  kidneys  show 
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narked  congestion.  Pelvic  fat  mnch  increased.  Liver  weight  1030  gm.,  capsule 
legative.  Surface  mottled,  yellowish  and  red,  with  fatty  shine.  Lobules  not 
distinct.    Mesentery  very  fat.    Mesenteric  and  retroperitoneal  nodes  not  enlarged. 

Genitalia. — The  testes  are  surrounded  by  a  fatty  sheath.  On  section  they  ap- 
pear as  undeveloped  infantile  testes.  Prostate  cannot  be  felt  or  seen.  Seminal 
vesicles  not  developed.     Other  organs  negative. 

Microscopical  Examination. — Tumor  of  Hypophysis  Region. — Presents 
the  appearance  of  an  adamantino-carcinoma  with  hyaline  and  calcareous  masses 
of  a  dentine-like  substance  arranged  in  mullfeny  masses  or  agglomerations  of 
rounded  concretions.  These  are  formed  by  the  hyaline  transformation  of  cords 
and  strands  of  large  squamous  prickle-cells.  Cords  of  these  cells  infiltrate  the 
brain  substance  after  the  manner  of  a  carcinoma ;  those  in  the  brain  for 
the  greater  part  showed  no  calcification,  and  the  cell-cords  consists  chiefly  of  a 
central  hyaline  mass  around  v/hich  cells  with  very  large  intercellular  bridges 
or  prickles  are  grouped  showing  the  characteristic  palisade  arrangement  at  the 
periphery  of  the  hyaline  mass.  Small  cords  show  no  hyaline  change.  The  brain 
tissue  about  the  tumor-cords  shows  atrophy  with  marked  gliosis,  and  occasional 
cellular  infiltration.  A  small  area  of  hypophysis  tissue  corresponding  in  structure 
to  the  pons  anterior  was  found  showing  the  same  adamantinoma  infiltration. 

Thyroid. — Many  follicles  contain  a  thin  colloid ;  but  the  majority  contain  none. 
The  organ  closely  resembles  the  fetal  thyroid. 

Parathyroids. — These  were  hypoplastic  and  showed  fatty  infiltration. 

Thymus. — Hyperplasia  of  the  medulla  ;'  atrophy  of  cortex. 

Heart. — Fatty  infiltration. 

Aorta. — Diffuse  fatty  degeneration  of  the  intima,  with  small  raised  patches 
of  lipoid  cells  resembling  those  of  Gaucher's  disease. 

Lungs. — Marked  congestion  and  edema ;  hemorrhages ;  acute  purulent  bron- 
chitis and  bronchopneumonia. 

Spleen. — Marked  congestion.     Large  follicles  with  lymphoid  exhaustion. 
Sclerotic  arterioles.     Scattered  lipoid  cells,  not  numerous. 

Stomach. — Negative. 

Intestines. — Excessive  mucus  formation. 

Pancreas. — No  changes  noted. 

Mesenteric  and  Retroperitoneal  Nodes. — Lym]ilioid  exhaustion. 

Adrenals. — Abundant  chromafllnic  cells.  ll\poplaslic  medulla;  cortex  hy- 
pertrophic with  marked  but  irregular  liposis,  involving  in  some  regions  the 
glomerular  zone,  in  others  the  fascicular.  Marked  hypertrophy  of  some  of  the 
fascicular  cords. 

Kidneys. — Cloudy  swelling  and  congestion.  Numerous  glomerular  scars. 
Scattered  lipoid  cells  in  lymphatics  about  large  veins. 

Testes. — Infantile  in  type,  with  \-acuolation  of  germinal  cells.  Interstitial 
cells  hypoplastic. 

Liver  and  Paniiiculns. — Will  be  described  below  with  that  of  Case  II. 

Pathological  Diagnosis.- — InfantilisnL  dyspituitarism  adiposo-genitalis  ; 
adamantino-carcinoma  of  hypophysis;  hyperplastic  thynnis ;  lymphatic  constitu- 
tion; general  li])omatosis  (liposis)  most  marked  in  liver  (cholesterol  steatosis); 
intraperipheral  zonal  necrosis  of  liver;  Inpoplasia  of  thyroid  and  adrenals;  post- 
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operative  hemorrhage  and  operative  trauma  at  base  of  brain;  acute  purulent  bron- 
chopneumonia (  aspiration  ) . 

CASE  II. 

J.  B.  M.,  age  29  years;  sailor  i^y  occupation.  By  birth  American.  Admitted 
to  Neurologic  Clinic  (Dr.  Camp),  March  9,  1912. 

Chief  Complaint. — Disturbances  of  vision,  staggering,  mental  disturbances. 

Family  History. — Negative.  No  case  of  tuberculosis,  cancer,  or  nervous 
disease. 

Personal  History. — Always  well  until  present  trouble  began.  Mentality 
always  good.  Has  lived  an  out-of-doors  life.  Three  years  ago  began  to  have 
violent  headaches  every  few  days,  lasting  1-2  days  and  followed  by  vomiting. 
After  two  years  these  stopped  suddenly.  At  this  time  he  began  to  complain  "of 
not  feeling  w-ell,"  but  had  no  well-defined  symptoms.  Slept  a  great  deal,  all  night 
and  during  the  day  except  when  wakened  for  meals.  Would  fall  asleep  on  duty. 
Suddenly  noticed  a  peculiar  tendency  to  lean  to  the  left  when  walking,  as  w^ell  as 
a  peculiar  manner  of  carr}ang  left  arm.  Developed  hoarseness  and  a  hesitating 
slow  speech,  with  difficulty  in  making  himself  understood.  Lost  interest  in  every- 
thing, and  avoided  particularly  reaching  for  things,  asking  others  to  do  this  for 
him.  Lost  his  skill  in  marksmanship  and  his  interest  in  sports.  The  difficulty 
in  w^alking  has  steadily  increased,  as  have  choking  spells  induced  by  eating.  His 
sister  has  noticed  nothing  strange  about  his  mentality  except  a  slight  childishness. 
During  the  last  year  he  has  had  five  attacks  of  dyspnea,  hard  chills,  hands  drawn 
up,  side  of  face  drawn  up,  and  fever  running  as  high  as  103.5°,  followed  by  vom- 
iting. Cannot  walk  well  after  attacks,  and  has  fallen  several  times.  At  the  present 
time  he  has  to  be  dressed  and  fed.  Cannot  walk  out  alone.  Smokes  excessively ; 
denies  alcoholism  and  venereal  disease.  No  note  made  of  sexual  state.  Last  May 
was  examined  by  Dr.  Parker  in  Detroit  who  found  }4  vision  in  each  eye.  Was 
x-rayed  at  this  time. 

Physical  Examination. —  (March  11,  1912,  by  Dr.  Camp).  Large  build, 
well  nourished,  wears  a  No.  8  shoe.  Hands  are  large,  but  patient  says  they  have 
always  been  so.  Head  is  fairly  large ;  normal  .shape.  No  acromegalic  jaw.  Thy- 
roid not  enlarged.  Mentality  seems  fairly  clear.  Tendency  to  senseless  jokes. 
Slight  clouding  of  consciousness;  memory  is  defective  except  for  more  recent 
events.  No  delusions;  no  mental  retardation.  Replies  are  prompt,  although 
speech  is  slow.  Left  pupil  reacts  to  light;  right  does  not.  Neither  pupil  reacts 
to  accommodation.  Some  defect  in  lateral  motion,  particularly  to  the  right.  Eye- 
balls do  not  converge.  Temporal  hemianopsia  in  left  eye;  in  the  right  eye  some 
contraction  of  the  visual  fields  in  all  directions,  but  no  distinct  hemianopsia.  Pal- 
pebral fissure  a  little  wider  on  left  side  than  on  right.  Right  side  of  face  drawn 
up  distinctly  better  than  left.  Tongue  straight,  no  tremor,  no  atrophy.  No  ataxia  ; 
no  intention  tremor;  no  hemiasynergia  in  hands.  Slight  staggering  gait  with  eyes 
closed.  Sensory  tests  normal.  Reflexes  prompt  and  equal.  Examination  of 
heart,  lungs  and  abdominal  organs  negative.  Urine  negative.  Lumbar  juncture 
negative.  Wassermann  negative.  Patient  was  examined  again  on  June  29,  1912, 
by  Dr.  Camp.  Condition  about  the  same.  Returned  December  2,  1912.  Exam- 
ination by  Dr.  Camp.     Had  severe  headaches  after  leaving  the  hospital  in  June; 
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one  until  yesterday  when  he  had  a  severe  attack  with  dizziness.  Fell  heavily, 
ut  was  not  unconscious.  Says  that  he  was  paralyzed  on  the  left  side  four  months 
reviously.  Symptoms  about  the  same  as  before.  Blood  and  spinal  fluid  gave 
egative  \\  assermann.  Headaches  increased.  Patient  feels  "all  in."  Examination 
y  Dr.  Canfield  revealed  the  presence  of  a  nasal  tumor.  Operated  on  December 
1  by  Dr.  Canfield.  Submucous  resection  of  the  septum  showed  a  tumor  mass 
xtending  from  the  sphenoid  cavities  from  regions  back  of  the  sphenoid  down  into 
be  septum.  The  tumor  was  very  soft,  dark  grayish  in  color,  and  flecked  w^ith 
irhite  spots.  Microscopical  examination  of  this  in  our  laboratory  showed  the 
leoplasm  to  be  a  large  round  cell  sarcoma  containing  numerous  calcareous  concre- 
ions  (psammoma).    Regarded  as  probably  primary  in  basal  meninges. 

After  the  operation  condition  continued  unchanged  (headache,  sleepiness, 
:tc.).  Temperature  rose  to  105°  the  day  after  the  operation.  On  January  16th 
le  complained  of  more  or  less  constant  pain  through  temples.  Seen  at  intervals 
)f  several  weeks.  Irrational  at  times.  By  April  9,  1913,  enlargement  of  hands 
vas  notable.  His  sister  said  that  this  had  occurred  during  the  last  few  weeks, 
sleepiness  increased.  By  May  19  his  face  and  head  looked  distinctly  larger  ; 
ippearance  of  hands  typically  acromegalic.  Feet  not  grossly  enlarged.  Chief 
;omplaint  still  headache  and  "sour  stomach."  Anxious  to  have  another  operation 
)ecause  of  "untold  agony"  in  head.  Glucose  (100  gms.)  test  negative.  Acro- 
negalic  condition  increased,  slowly  until  January,  1914,  when  his  sister  noticed 
hat  his  shoes  were  looser.  Complained  at  this  time  of  chilliness ;  skin  of  hands 
nottled  and  discolored.  Tonic  convulsive  movements  in  upper  extremities.  Tem- 
perature rises  to  about  103°  after  chill.  Subcutaneous  panniculus  all  over  the 
>ody  increased.  Secondary  type  of  optic  atrophy  in  right  eye.  Fundus  of  left  is 
iiore  congested  than  right.  Headaches  have  ceased.  No  note  of  sexual  state 
Dccurs  in  the  history.  Patient  showed  gradual  cessation  and  subsidence  of  the 
icromegalic  condition  with  increasing  symptoms  of  hypopituitarism  (increase  of 
panniculus,  etc.)   until  his  death  on  April  15,  1914,  at  7:50  a.  m.     Autopsy  at 

10  A.  M. 

Autopsy  Protocol. — Body  large;  masculine  type;  length  175  cm.  Acro- 
megalic facies  and  hands.  Obese ;  panniculus  abundant  all  over  body.  Body  and 
head  hair  abundant.  Genitalia  well-developed ;  testicles  soft  and  flabby.  Body 
very  warm;  axillary  temperature  99+,  rectal  104°.  No  rigor  mortis.  Moderate 
purplish  hypostasis. 

Spinal  Cord. — Not  examined. 

Head. — Scalp  and  periosteum  negative.  Skull-cap  thickened ;  inner  surface 
rough,  gray,  meningeal  grooves  prominent.  No. exostoses.  Pacchionian  depres- 
sions shallow.  Diplre  sclerosed.  Dura  not  thickened  but  adherent  throughout. 
No  osteomata  in  dura. 

On  lifting  and  removing  the  brain  a  large  soft  tumor  is  found  at  the  base, 
in  the  interpeduncular  space,  extending  more  into  the  base  of  the  right  cerebral 
hemisphere  than  on  the  left.  Smaller  lobulated  masses  are  found  about  the 
periphery  of  the  larger  mass.  The  tumor  has  destroyed  the  right  optic  tract  and  dis- 
places the  5th  and  succeeding  cranial  nerves  backward.  The  third  nerve  appeared 
to  pass  through  the  tumor.  The  pons  was  compressed  by  the  tumor  to  half  its 
normal  thickness.     On  the  right  the  growth  cxlendod  into  ihc  riglit  tempm-ospho- 
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noidal  lobe  by  two  finger-like  projections,  one  in  the  region  of  the  right  lenticular 
body,  the  other  into  the  third  ventricle.  The  internal  capsule  was  compressed 
between  them.  Tumor  was  reddish,  soft,  well  encapsulated  toward  the  brain 
substance,  but  ragged  and  torn  below  where  it  had  been  separated  from  the  tumor 
mass  extending  through  the  floor  of  the  skull  into  the  retropharynx.  Anterior  to 
the  sella  there  was  an  opening  about  the  size  of  a  silver  dollar  through  which  a 
tumor-mass  about  the  size  of  a  tennis  ball  extended  into  the  nasopharynx.  Base  of 
skull  about  the  opening  was  soft,  necrotic  and  infiltrated  with  extensions  of  the 
growth.  The  anterior  portion  of  the  sella  was  destroyed,  and  no  trace  of  hypophy- 
sis tissue  could  be  made  out,  the  entire  organ  apparently  having  been  destroyed 
by  the  growth. 

Mai)i  Section. — Abdominal  panniculus  is  5  cm.  thick,  thoracic  3  cm.  The 
fat  is  in  large  coarse  lobules,  unlike  normal  fat,  pale  lemon-buft'  in  color,  firm, 
translucent  and  shining;  but  becoming  darker  and  opaque  on  cooling.  The  pan- 
niculus is  very  warm  to  the  touch.  Omentum  is  rich  in  fat  of  the  same  type ;  like- 
wise the  epiploic  appendages  and  mesentery.  Abdominal  organs  very  hot,  almost 
bloodless.  Intra-abdominal  temperature  107.1°.  Tissues  dry  very  quickly  on 
exposure  to  air.  No  free  fluid  in  cavity.  Lower  border  of  liver  at  ensiform  in 
mid-line,  a  hand's  breadth  above  the  lower  edge  in  right  nipple  line.  Slight  rigor 
mortis  in  abdominal  muscles.    Diaphragm  at  5th  ribs. 

Thorax. — No  fluid  in  thorax.  Apex  in  left  parasternal  line  behind  5th  rib. 
Lungs  meet  anteriorl}'  above.  No  pleural  adhesions.  Fat  tissue  in  anterior  media- 
stinum very  abundant,  of  same  appearance  as  the  panniculus.  Large  lobules  of 
thymic  fat  in  which  remains  of  thymus  are  present.  On  section  thymic  fat  is 
diffusely  pink.  Heart  is  negative,  save  for  a  dilatation  of  the  right  side,  an 
adherent  thrombus  in  the  right  auricular  appendage,  increased  subpericardial  fat, 
brown  atrophy  of  muscle  arid  a  thickening  of  the  endocardium  of  the  left  auricle. 
Aorta  showed  early  sclerosis  in  the  ascending  part  of  the  arch.  Lungs  show^ 
passive  congestion.  Entire  lower  lobe  of  right  lung  is  airless,  solid,  early  stage  of 
red  hepatization. 

Mouth  and  Neck. — Hyperkeratosis  of  tongue  (brown  hairy  tongue).  Papillae 
at  root  hyperplastic.  Larynx,  trachea  and  esophagus  negative.  Thyroid  is 
slightly  larger  than  normal,  colloid  is  not  diminished.  Parathyroids  hyperplastic, 
8  mm.  in  diameter,  purplish  in  color.     Cervical  hemolymph  nodes  hyperplastic. 

Abdomen. — Spleen  weighs  120  gms.  Small,  soft,  shows  few  follicles  on 
section. 

Stomach  and  Intestines. — Dilated,  otherwise  negative. 

Pancreas. — Fatty  infiltration  of  tail.     Soft. 

Liver. — Very  hot  to  the  touch.  Clinical  thermometer  inserted  showed  five 
hours  after  death  a  temperature  of  108°.  Small  in  size,  weighs  1730  gms.;  sharp 
edges ;  mottled  surface ;  yellowish  red ;  opaque  fatty  shine. 

Mesentery  is  very  rich  in  fat,  arrayed  in  coarse  lobules,  lemon-yellow  color, 
appearance  same  as  that  of  panniculi.  Fat  changes  color  on  exposure  to  air, 
becoming  a  diffuse  pink  in  many  areas,  giving  it  a  peculiar  mottled  appearance. 

Adrenals  are  very  large,  8  cm.  long,  5  cm.  broad,  and  4  mm.  thick.  Sur- 
rounded by  dense  masses  of  fat  and  old  fibrous  adhesions. 

Kidneys  have  very  large  fatty  capsules.    Fibrous  capsule  strips  easily  on  the 
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left,  somewhat  adherent  on  the  right.  On  section  kidneys  show  slight  atrophy  and 
congestion.  Retroperitoneal  lymph  nodes  atrophic,  show  fatty  infiltration. 
Thoracic  and  abdominal  muscles  show  fatty  infiltrations. 

Pelvis. — Penis  negative.  Left  testis  rather  pale.  No  increase  of  stroma 
visible  to  the  naked  eye.  Right  testis  pale,  soft.  Prostate  smaller  than  normal, 
congested.  Seminal  vesicles  very  much  dilated  with  a  thin  watery  fluid.  Walls 
negative.     Bladder  and  rectum  negative. 

Microscopical  Examination. — Sections  of  neoplasm  from  base  of  brain 
and  nasopharynx  show  it  to  be  a  round  cell  angiosarcoma  with  numerous  psam- 
moma  concretions  scattered  through  it.  It  bears  no  resemblance  to  the  hypophy- 
seal struma.  In  the  sella  turcica  region  there  were  found  areas  in  a  number  of  sec- 
tions of  a  typical  hypophysis  adenoma  or  struma  (chromophobe  type)  infiltrated, 
compressed  and  destroyed  by  the  sarcoma.  The  appearances  lead  me  to  believe 
that  a  typical  acromegalic  hypophyseal  struma  has  been  either  the  seat  of  a  malig- 
nant change,  or  what  is  more  likely  has  been  destroyed  for  the  greater  part  by  a 
sarcoma  arising  primarily  in  the  basal  meninges  or  in  the  floor  of  the  skull.  Tlie 
penetration  of  the  latter,  the  early  growth  downward  into  the  nasopharynx  and 
septum  support  the  latter  view.  The  neighboring  brain  structures  show  pressure 
atrophy  and  necrosis,  gliosis  and  sarcoma  infiltrations. 

Tongue. — Hyperkeratosis. 

Thyroid. — Colloid  hyperplasia. 

Parathyroids. — Hyperplasia. 

Ccrz'ical  Lympli  Nodes. — Marked  lymphoid  hyperplasia  and  congestion.  Large 
germ  centers  with  exhaustion  of  the  lymphocytes.  Sinuses  crowded  with  macro- 
phages, many  of  these  are  hemophages  containing  red  cells  or  pigment,  many  of 
them  are  filled  with  fine  fat  droplets  (lipoid  cells).  Apparent  very  active  hemo- 
lysis. 

Lungs. — Acute  hypostatic  pneumonia.  Edema  and  chronic  passive  conges- 
tion. 

Heart. — Brown  atrophy,  fibrosis,  fatty  infiltration  and  degeneration;  sliglit 
cloudy  swelling. 

Thymus. — Remains  of  thymus  in  fat  tissue  showing  newly-formed  cords  of 
lymphoid  tissue  along  lymphatics  distended  with  macrophages  and  hemophages. 
Hassall's  corpuscles  small  and  few. 

Spleen. — Chronic  passive  congestion,  atroi)hy.  Few  scattered  lijioid  cells. 
Numerous  hemophages. 

Stomach  and  Intestines. — Acute  catarrh.  Ap])endix  contains  fecal  concre- 
tion.    Old  appendicitis. 

Pancreas. — l^^atty  infiltration.  Verv  large  fat  cells  \\iili  greenisli  coloralion, 
showing  mixture  of  lipoids.  Hypertrophic  islands  of  Langerlian.s.  Hyaline  sub- 
stance in  many  acini. 

Liver. — See  below^. 

Adrenals. — Marked  h\|)0])lasia  of  medulla.  Small  amount  of  ilirt.iiiariinic 
tissue.  Practically  the  cniire  cortex  shows  a  marked  liposis  of  ilie  parenchy- 
matous cells.  The  liposis  is  most  marked  in  the  gU»nierular  and  lascicular 
zones.     Mypertr(i])hie  fascicular  cords  are  also  numerous.     (vSec  further  below.) 

Kidneys. — Cloudy  swelling  and   fatty  degeneration  of  (he  lubulai   ej>ithelium. 
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Areas  of  chronic  and  subacute  nephritis.  Numerous  casts.  Lipoidosis  of  tubular 
cells. 

Aorta. — Early  sclerosis.  Fatty  degeneration  of  intima.  Small  elevations 
made  up  of  collections  of  lipoid  cells  in  intima. 

Mesenteric  and  Retroperitoneal  Lymph  Nodes. — Hyperplasia,  lymphoid  ex- 
haustion, sinus  catarrh,  great  numbers  of  macrophages  and  hemophages.  New 
formation  of  lymphoid  tissue  throughout  mesenteric  and  retroperitoneal  fat.  Many 
lipoid  cells. 

HcmoIympJi  Nodes. — Hyperplasia.  Sinuses  crowded  with  hemophages  con- 
taining blood  cells  and  pigment.     Scattered  lipoid  cells. 

Testes. — Aspermatogenesis.  Stroma  increased.  Basement  membranes  thick- 
ened.    Fatty  degeneration  (liposis)  of  germinal  epithelium. 

Prostate. — Moderate  glandular  hyperplasia. 

Seminal  Vesicles. — Negative. 

Pathological  Diagnosis. — Hypopituitarism  following  acromegaly  (sarcoma 
replacing  hypophysis  struma)  ;  sarcomatous  infiltration  of  brain,  base  of  skull,  nasal 
and  pharyngeal  cavities;  general  obesity  (general  liposis);  cholesterol  steatosis 
of  liver  and  adrenals ;  intraperipheral  zonal  liver-necroses ;  postmortem  hyperpy- 
rexia ;  hyperplasia  of  adrenal  cortex,  hypoplasia  of  medulla ;  hyperplasia  of  lym- 
phatic and  hemolymph  nodes  with  hemolysis ;  hypertrophy  of  islands  of  Langer- 
hans ;  persistent  thymus ;  lymphoid  exhaustion  of  germ-centers ;  subacute  paren- 
chymatous degenerative  nephritis ;  acute  hypostatic  pneumonia ;  acute  gastrointes- 
tinal catarrh  ;  hyperkeratosis  of  tongue. 

analysis  oe  cases. 

These  two  cases  of  hypophysis  disease  present  several  striking  features  in 
common.  They  are  both  examples  of  hypopituitarism,  Case  I,  with  deficient 
hypophysis  secretion  from  the  beginning;  Case  H,  with  an  earlier  stage  of  hyper- 
pituitarism (acromegaly)  succeeded  by  a  period  of  hypopituitarism  following 
the  destruction  of  the  primary  hypophysis  adenoma  (struma).  Although,  as 
Gushing  has  strongly  emphasized,  cases  of  hyperpituitarism  sooner  or  later  pass 
into  a  second  stage  of  hypopituitarism,  it  seems  reasonable  to  suppose  that  the 
transformation  in  this  case  is  explainable  upon  the  apparent  grounds  found.  Leav- 
ing the  hypophyseal  features  of  both  cases  and  the  acromegalic  symptoms  of  Case 
n  out  of  the  question,  the  general  picture  in  both  cases  is  the  same:  a  marked 
obesity  or  liposis  involving  all  organs,  particularly  the  panniculi,  liver  and 
adrenals,  with  scattered  lipoid  cells  elsewhere.  The  atypical  character  of  this  fat 
was  shown  best  in  the  liver  and  adrenals,  and  it  was  most  thoroughly  studied  in 
the  former  organ. 

Liver  Changes  in  Cases  I  and  H. — Both  livers  show  identical  changes, 
perhaps  more  marked  in  Case  I,  although  portions  of  the  liver  in  Case  II  show  as 
marked  changes  as  any  in  the  liver  of  Case  I.  These  changes  will  now  be  described 
in  detail. 

Hematoxylin  and  Eosin  Preparations. — Sections  from,  blocks  imbedded  in 
paraffin  and  stained  with  hematoxylin  and  eosin  give  on  fii-st  glance  the  picture 
of  a  fatty  liver  in  which  the  processes  of  fatty  infiltration  and  fatty  degeneration 
are  combined.    The  lobules  are  smaller  than  normal.    The  cells  of  the  central  liver- 
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zone  show  numerous  fine  droplets  or  vaculations,  giving  the  cell  the  characteristic 
"ground-glass"  appearance.  Through  the  intermediate  and  peripheral  zones  large 
fat  droplets  appear,  not  regularly  as  in  an  ordinary  fatty  liver,  but  arranged  in 
more  or  less  well  defined  groups.  They  are,  however,  most  numerous  toward  the 
outer  portion  of  the  intermediate  zone,  and  not  at  the  periphery  of  the  lobule. 
Groups  of  such  large  vacuoles  occur  also  in  the  central  zone.  Small  fat  droplets 
are  found  also  in  all  of  the  liver  cells  except  in  certain  peculiar  zones  or  bands 
that  run  around  the  lobule  in  the  inner  portion  of  the  peripheral  zone.  In  these 
areas  there  are  few  fat  droplets,  the  liver  cells  are  small,  granular,  necrotic  or 
replaced  by  a  cellular  fibroblastic  area  in  which  remains  of  liver  cells  can  be  made 
out.     In  a  few  lobules  these  fibroblastic  zones  touch  the  periportal  islands,  but 


Fig.  1. — Cross-section  of  liver  lobule  from  liver  of  Case  I.  Frozen  section,  Sudan  iii  and  lienialuni 
stain.  Central  zone  and  portion  of  mid-zone  and  narrow  border  of  peripheral  zone  show  liver-cells  lilled 
with  minute  anisotropic  droplets  staining  deep  brownish  red.  with  larger  scattered  isotropic  droplets  staining 
deep   yellow-red.      Inner   portion    of   peripheral    and    outer   ])ortion    of   mid-zone    show   peculiar    necrosis    with 

lihroblastic  i)rolifcration    (intrapL'ripheral   necrosis  and   beginning   cirrhosis). 


usually  a  narrow  zone  of  liver  cells  filled  with  line  fat  granules  separates  this  zone 
from  the  trabeculae.  'i'his  picture  seems  to  iiu-  to  be  (|uile  unitiue.  I  have  never 
seen  anything  like  it  in  any  other  li\er  l)Ut  in  these  two  cases  of  hypopituitarism. 
The  periportal  tissue  is  cellular  and  fibroblastic,  frequently  showing  newly  fonned 
bile  ducts  in  numbers.  The  appearances  are  those  of  an  early  stage  of  a  peculiar 
form  of  cirrhosis.  It  shows  more  distinctlv  in  ihe  U.  and  E.  preparations  of 
Case  I  than  of  Case  II;  but  the  peculiarity  of  this  change  is  best  revealed  in  (he 
sections  stained  with  Sudan  iii  and  vScharlacb  l\.  and  counlerslained  li\er  uilli 
hemalum.  The  prutoj)I,isin  of  tlic  oiittrninst  cnrds  of  cells  stains  mosl  lu-axily  and 
has  tile  smallest  number  <>f  fat  droplets.     The  \-eins  are  dihited,  but  the  iiiti-alobnl.i!- 
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capillaries  only  moderately  so.  There  is  no  picture  of  nutmeg  liver  or  central 
necrosis,  the  liver  cells  around  the  central  veins  staining  as  well  as  those  in  the 
periphery  as  far  as  the  nuclei  are  concerned.  There  is  no  necrosis,  and  no  pig- 
mentation of  the  liver  cells  of  the  central  zone.  Iron  tests  were  negative.  No 
pigmented  stellate  cells  were  found.     Bile-ducts  showed  no  changes. 

MICROCHE-MICAL  STUDY. 

Osiiiic  Acid. — In  frozen  sections  treated  with  one  per  cent  osmic  acid,  or  in 
sections  so  treated  after  formol-fixation  the  fat  content  of  the  liver  cells  was  more 
decidedly  revealed.  The  small  droplets  in  the  central  zone  of  the  lobule  stained  a 
lighter  grav  than  the  large  fat  droplets  scattered  irregularly.  Some  of  the  droplets 
are  not  acted  upon  at  all  by  the  osmic  acid  or  show  only  the  slightest  gray  tint 


Fig-  2- — Cross-section  of  liver-lobule  from  liver  of  Case  II.  Frozen  section,  stained  in  Sudan  in  and 
hemalum.  Central  zone,  greater  portion  of  mid-zone  and  narrow  outer  portion  of  peripheral  zone  show  liver- 
cells  filled  with  fine  anisotropic  droplets  staining  deep  brownish  red,  wit)-,  scattered  larger  isotropic  droplets 
staining  deep  yellow-red.  Inner  portion  of  peripheral  zone  and  outer  portion  of  mid-zone  show  tho,  peculiar 
necrosis  and  early  cirrhosis  (intraperipheral  necrosis). 

(cholesterol).  The  peculiar  distribution  of  the  fat  in  the  two  livers  stands  out 
very  prominently  in  the  osmic  acid  preparations.  There  appear  in  addition 
droplets  of  fat  apparently  in  the  lumina  of  the  liver  capillaries,  and  these  were 
mistaken  at  first  for  free  fat  emboli  in  Case  I.  They  are  undoubtedly  stellate 
endothelial  cells  showing  a  marked  lipoidosis.  These  give  a  more  gray  color- 
reaction  with  the  osmic.  Osmic  preparations  of  adrenals  and  aorta  showed 
similar  color  reactions,  a  large  part  of  the  small  droplets  staining  light  gray. 
Sections  of  the  panniculus  stained  deep  brown  black. 

Sudan    III. — Beautiful    preparations    were    obtained    with    frozen    sections 
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stained  in  an  acetone  solution  of  Sudan  iii  and  counter-stained  with  hemalum. 
The  fine  fat  droplets  in  the  central  zone  and  throughout  the  liver-lobule  stained 
a  peculiar  brownish-red,  while  the  majority  of  the  larger  droplets  stai-ned  an 
orange-red  to  brick  red  as  does  neutral  fat  (glycerin-esters).  Other  large  drop- 
lets were  light  yellow  or  pale  buff  in  color.  Counterstaining  with  hemalum 
brought  out  the  unique  distribution  of  the  fat  in  the  liver-lobules.  The  fat- 
free  areas  or  zones  stand  out  in  these  preparations  so  strikingly  and  the  cellular 
infiltration  and  proliferation  is  so  prominently  brought  out  that  it  is  difficult  to 
believe  that  one  is  looking  at  the  same  tissues  seen  in  the  paraffin-hematoxylin- 
eosin  preparations.  Occasional  fat-droplets  are  found  in  these  necrotic  zones, 
and  such  appear  to  be  chiefly  in  the  stellate  cells,  although  a  few  liver-cells  con- 


Fig.  3. — Tangential  section  of  liver-lol)uIcs  from  liver  of  Case  I.  Frozen  section,  Scharlacli  R  and 
hemalum  stain.  The  small  black  granules  in  the  livercclls  are  brownish- red  anisotropic  fat-droplets  (choles- 
terol-esters), the  larger  black  droplets  irregularly  scattered  are  deep  red  isotropic  fat-globules  (glycerol- 
esters).     The  intraperipheral  zone  of  necrosis  and  beginning  proliferation  is  well  shown. 


taining  large  droplets  occur  also.  The  borders  of  these  blue  zones,  as  they 
appear  in  the  hemalum  preparations  show  a  transition  from  liver-cells  con- 
taining brownish  red  granules  to  cells  containing  fine  brown  granules.  These 
brown  granules  are  finer  than  the  red  ones  and  are  scattered  in  the  same  man- 
ner through  the  cell.  Tliey  do  not  give  a  hemosiderin  reaction.  Some  li\er- 
cells  witb  red  granules  in  one  end  and  lirown  ones  in  tlie  oilier  are  seen  in  tbe 
borders  of  these  relatively  fat-free  zones.  It  is  evident,  however,  that  the  kick 
of  fat  in  these  narrow  zones  is  due  chiefly  to  a  necrosis  or  di.saiipcarance  of 
the  liver-cells  in  these  areas,  and  to  a  rcpk'u-enuni  of  these  1)\-  a  libroblaslic 
proliferation. 


88  THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MLDICINE) 

Scharlach  i?.— Similar  results  are  obtained  in  frozen  sections  stained  with 
an  acetone  solution  of  Scharlach  R  and  counterstained  with  hemalum.  The  fine 
granules  stain  a  deep  red  that  has  a  distinct  brownish  cast,  but  their  staining  is 
not  so  intense  as  that  of  the  large  droplets  which  stain  deep  bright  scarlet  red 
without  the  brownish  cast.  The  differential  staining  is  about  equal  in  the  case 
of  Sudan  in  and  Scharlach  R.  I  have  noticed  that  students  vary  greatly  in  their 
ability  to  distinguish  these  differences  with  these  two  stains,  some  seeing  it 
much  better  in  the  case  of  one,  others  with  the  other  stain.  Such  results  are 
probably  ascribed  to  differences  in  color-perception  due  to  individual  training  or 
experience  in  colors.  \\\t\\  the  Sudan  in  staining  of  frozen  sections  there  seems 
to  be  at  least  ten  times  as  much  fat  in  the  sections  as  in  the  case  of  osmic  acid 


Fig.  4. — Tangential  section  of  liver-lobules  from  liver  of  Case  II.     Frozen  section,  Scharlach  R  and  hemalum 

stain.     Same  appearances   as  in   Fig.    3. 


.Staining.  With  Scharlach  R  the  amount  of  fat  seems  still  greater,  but  this  is 
probably  due  to  the  greater  intensity  of  color  in  the  Scharlach  R  stain. 

Nile-blue  Sulphate. — With  Nile-blue  sulphate  the  fresh  frozen  sections 
showed  a  great  variety  of  color  reactions  with  the  fat  droplets.  Tlie  majority 
of  the  larger  droplets  stained  red,  some  pink,  some  pink-violet,  some  purple, 
others  deep  blue.  The  majority  of  the  fine  droplets  stained  pink  or  lavender. 
The  fine  droplets  in  the  adrenal  cortex  and  in  the  lipoid  cells  elsewhere  stain 
pink  or  lavender  to  violet  or  blue. 

IVeigerfs  Hematoxylin.— Deep  blue  to  blue-gray  droplets  are  shown  in  the 
larger  fat  cells.  When  counterstained  with  van  Gieson's  the  blue  droplets  ap- 
pear as  darker  brown  droplets  in  the  ochre-colored  protoplasm. 

Indophenol. — In   sections   stained  with   a   saturated   solution   of   indophenol 
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in  70  per  cent  alcohol  and  contrasted  with  lithiumcarmin  good  fat  preparations 
were  obtained  without   any  differential   staining. 

Benda's  Method. — This  gave  no  differential  staining.  Stains  for  fatty  acids 
and  soaps  negative.  Other  staining  methods  (Smith-Dietrich's,  etc.)  were  nega- 
tive as  far  as  differential  staining  was  concerned. 

Optical  Appearances. — With  polarized  light  doubly  refractile  (anisotropic) 
droplets  were  numerous  in  all  the  cells  containing  fine  fat  droplets.  The  larger 
cell  droplets  or  crystals  were  chiefly  isotropic,  but  anisotropic  droplets  were 
present  in  all  cells  containing  fat.  Crystal-like  bodies  appeared  in  the  droplets 
on    freezing.      \\'arming    caused    the    doubly    refractile    droplets    to    disappear. 


Fig.  5. — Section  of  liver-lobule  from  liver  of  Case  1.  Frozen  section,  Scharlach  R  and  heiiialum. 
Slightly  higher  magnification.  Shows  same  character  of  lipin  changes  as  in  preceding  ligures,  but  in  addition 
a  more  marked  degree  of   peripheral    necrosis  and  proliferation    (more   advanced   cirrhosis). 


Alcohol,  elher.  .xylol  and  hot  paraffin  disscjlvcd  all  (jf  the  (ln)[)lets  from 
the  cells  leaving  vacuoles.  Acids  and  alkalies  did  not  dissolve  them.  Ciiromate 
fixation  caused  the  larger  cell  droplets  to  become  brown  or  greenish.  Xo  effect 
was  noted  upon  the  finer  ones,  h'ormol  fixalion  had  a  marked  effect  upon  the 
largest  fat  dro[)lels  in  the  panniculi,  causing  a  fcjrmation  of  yellowish  or  green 
nee(llc-shai)ed  crystals  in  the  cell.  Portions  of  the  two  livers  have  been  kept  in 
formol  and  given  each  year  to  labnralory  classes  for  fat  study.  W  bile  the  dif- 
ferential reactions  shown  by  Scharlach  l\,  Sudan  iii  and  osmic  acid  are  still 
obtainaljle  they  are  not  as  sharj)  as  at  first;  and  the  Nile-blue  sulphate  reactions 
have  become  very  capricious.  At  present  many  droplets  stain  blue  or  puri)lish 
blue.     Long-continued  residence   in    formol   tmdoubledly   alTei-t^   the   fals  of  the 
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cells.     The  most   accurate  conclusions   therefore   would   be   those   drawn    from 
the  study  of  perfectly  fresh  tissues. 

From  the  fat-reactions  shown  above  it  is  evident  that  the  livers  of  these  two 
cases  of  hypopituitarism  present  an  unusual  lipin  content.  The  presence  of  numer- 
ous anisotropic  droplets,  staining  a  lighter  gray  with  osmic  acid,  brownish  or  yel- 
lowish red  with  Sudan  in  and  Scharlach  R.  and  pale  pink  with  Nile-blue  sul- 
phate make  it  very  probable  that  these  are  cholesterol-esters.  Other  lipoids  may  be 
mixed  with  these  and  with  the  glycerin-esters  in  these  droplets.  The  lipin  combi- 
nation may  be  very  complex.  It  is  quite  evident  that  our  microchemical  tests  at  the 
present  time  are  not  sufficiently  reliable  to  differentiate  accurately  the  different 
lipoids.     We  were  unable  to  make  satisfactory  chemical  studies  of  these  lipins 


Fig.  6. — Section  of  liver-lobule  from  liver  of  Case  II.  Frozen  section,  Scharlach  R  and  hemalum. 
Slightly  higher  magnification.  Shows  the  same  lipin  changes,  and  the  marked  peripheral  necrosis  and  be- 
ginning cirrhosis. 


because  of  the  fact  that  the  greater  part  of  the  material  was  distributed  through 
various  fixing  fluids  at  the  time  of  the  autopsy.  The  reactions  are  sufficiently 
characteristic,  however,  to  enable  us  to  state  that  the  fatty  changes  in  these  cases 
are  not  those  of  ordinary  fatty  infiltration  and  degeneration  but  represent  a 
mixed  glycerin-ester  and  cholesterol-ester  lipoidosis.  Whether  lecithin  is  present 
or  not  it  is  impossible  to  say.  It  is  also  evident  that  many  of  the  liver  cells  con- 
tain chiefly  cholesterol-esters.  Further,  this  cholesterol  lipoidosis  is  not  confined 
to  the  liver,  but  occurs  to  a  marked  degree  in  the  adrenals,  in  the  panniculi,  and 
to  a  lesser  degree  in  scattered  cells  or  groups  of  cells  in  other  organs  and  tissues 
(spleen,  aorta,  kidney,  etc.).  In  the  panniculi  the  bulk  of  the  lipins  are  prob- 
ably glycerin-esters.     The   condition   is  then  one  of  abnormal   lipin   metabolism 
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Fig.  ". — Central  zone  oi"  li\  er-luijule  from  Case  I.  I-rozcii  vf^mni.  Scliarlacli  K  ami  lu-maluin.  High 
power.  Cells  packed  with  small  anisotropic  brownish-red  droplets  and  occasional  larger  isotropic  deep-red 
globules.     Cholesterol-  and  glycerol-ester  steatosis. 


Fig.   8. — Hordcr  l)etwccii   inid-zonc  and   peripheral   zone   of  liver-loliiile  from   liver  of  Case    I.     Frozen 

section,   Scharlach   K  and   hcnialuni.      High  jiower.     To  the   right  (he  zone  of  beginning  ifcrosis;   to  llie   left 

the  liver  ceils  are   tilled   with   miiuite  anisotropic   ilroplets.      'i'he   larg.  r   drops  in   the   Ciillcr   of   lieltl    with   fat 
])artly  torn  out  in  freezing  arc  isnlropic   f.it  globules  staining  ilcep  red. 
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characterized  particularly  by  cholesterin  infiltration  or  retention  (cholesterol 
steatosis).  It  is  to  be  compared  then  to  the  cholesterol  infiltrations  obtained  by 
the  overfeeding  with  cholesterol,  to  the  lipoidosis  of  diabetic  lipoidemia  and 
that  of  Gaucher's  disease.  It  is,  however,  quite  distinct  in  its  histological  pic- 
ture from  these  conditions,  although  the  differences  as  far  as  the  deposit  of  the 
lipoids  are  concerned  may  be  more  of  degree  than  of  kind. 

Just  what  relation  the  peculiar  zonal  necroses  in  the  liver  bear  to  the  lipin 
metabolism,  it  is  impossible  to  say.  The  peculiar  position  of  this  zone,  intra- 
peripheral,  makes  this  change  a  unique  feature  in  the  patholog}--  of  hypopitui- 
tarism. The  cause  of  death  of  the  liver  cells  is  not  evident,  there  are  no  throm- 
boses of  the  Hver  capillaries  at  this  point,  no  congestion,  no  cause  of  local  as- 
phyxia, etc.  That  the  necrosis  is  not  altogether  recent  is  shown  by  the  fibroblastic 
proliferation  and  the  cellular  infiltration.  It  is,  in  fact,  an  early  cirrhosis  be- 
ginning, not  at  the  periphery  of  the  lobule,  but  a  little  distance  within  it,  leaving 
outside  of  it  a  narrow  zone  of  unaffected  liver  cells.  In  the  necrotic  zone  all 
stages  of  atrophy  and  necrosis  of  the  liver-cells  can  be  seen.  At  the  borders 
the  cytoplasm  of  the  liver  cell  is  filled  with  fat-granules ;  these  change  to  brown- 
ish granules,  which,  in  turn,  as  the  cells  become  smaller,  become  less  and  less 
visible,  until  only  pale  colorless  cell  bodies  remain.  The  best  explanation  of  this 
peculiar  zonal  necrosis  is  on  the  assumption  of  some  toxic  substance  brought  in 
the  blood  stream  and  acting  upon  the  liver  cells  at  this  point ;  or  else,  as  a  result 
of  metabolic  disturbances  confined  to  this  zone  of  cells. 

I  have  searched  in  vain  through  the  literature  for  observations  of  a  similar 
intraperipheral  zonal  necrosis,  but  have  found  nothing  comparable  to  this  form. 
The  mid-zonal  necroses  associated  with  marked  fatty  infiltration  of  tlie  central 
zone  with  hyperemia  and  necrosis  of  the  intermediate  zone  are  not  like  this ; 
nor  does  it  resemble  the  mid-zonal  necrosis  seen  in  yellow  fever.  There  is  no 
hyperemia,  the  capillaries  toward  the  central  vein  are  not  obstructed,  and  the 
cells  of  the  central  zone,  while  filled  with  fat  droplets,  are  not  larger  than  normal 
liver  cells.  Finally,  the  necrosis  is  more  peripheral  than  mid-zonal,  involving 
the  inner  portion  of  the  peripheral  zone. 

Both  cases  showed  a  very  striking  postmortem  increase  in  temperature. 
Thermometer  readings  were  taken  of  the  second  case.  Seven  hours  after  death, 
with  all  of  the  internal  organs  removed,  lying  on  a  metal  table  over  which  cold 
water  was  running,  the  panniculus  in  the  flaps  of  the  abdominal  wall  still  were 
unpleasantly  warm  to  the  touch,  and  showed  a  temperature  or  104°.  A  large 
slice  of  the  abdominal  wall  showed  the  same  temperature  some  time  after  re- 
moval from  the  body.  A  clinical  thermometer  plunged  into  the  liver  gave  a 
reading  of  108°.  It  is  most  probable  that  this  excessive  heat-production  is 
related  to  the  abnormal  fat  deposits,  and  to  postmortem  changes  in  the  lipins  of 
the  cell. 

SUMMARY. 

In  hypopituitarism  there  is  a  peculiar  obesity  due  to  infiltration  of  various 
cells  of  the  body  with  a  mixture  of  lipins : — glycerin-esters  and  cholesterol-esters. 
This  condition  of  cholesterol  liposis  is  especially  marked  in  the  liver  and 
adrenals,   but   is   scattered   all   over   the   body.     \\'ith    deficiency   of   hypophysis 
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function  there  appears  to  be  associated  a  cholesterol  retention  or  infiltration. 
Hypopituitarism  must,  therefore,  be  classed  among  the  xanthelasmic  conditions, 
and  is  related  in  kind  to  diabetic  liposis  and  Gaucher's  disease. 

The  hypophysis  is  either  directly  or  indirectly  concerned  with  lipin  meta- 
bolism, particularly  with  cholesterol  steatosis.  Postmortem  hyperpyrexia  may 
be  associated  with  hypopituitarism  and  the  obesity  resulting  from  the  latter 
condition. 

In  the  livers  of  two  cases  of  hypopituitarism  there  occurred  a  peculiar 
intraperipheral  zonal  necrosis,  unlike  all  previously  described  forms  of  zonal 
liver  necrosis.  Associated  with  this  necrosis  is  a  reparative  fibroblastic  pro- 
liferation, giving  rise  to  the  picture  of  an  early  intralobular  cirrhosis.  The 
relationship  of  this  hepatic  change  to  the  hypophysis  conditions  remains  to  be 
shown. 
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THE  EMPLOYMENT  OF  CLOSED  ETHER  ANESTHESIA  FOR 
ORDINARY  LABORATORY  EXPERIMENTS* 


By  D.  E.  Jackson,  Ph.D.,  M.D.,  St.  Louis. 

THE  maintenance  of  a  regular  and  reliable  ether  anesthesia  in  experimental 
animals  is  a  matter  of  much  concern  to  all  investigators  who  find  it  neces- 
sary to  carry  out  this  form  of  work.  For  student  experiments  also  the  needs  in 
this  direction  are  obvious.  A  simple  and  cheap  method  for  this  purpose,  re- 
quiring only  such  apparatus  as  can  readily  be  secured  in  practically  all  labora- 
tories for  experimental  pharmacology,  surgery,  or  physiology  is  described  in 
the  following  paragraphs. 

Fig.  1  shows  the  arrangement  of  the  apparatus  complete  as  it  is  adjusted 
to  an  animal  in  which  a  cannula  has  been  inserted  into  the  trachea.  The  large 
pan  should  be  about  nine  and  one-half  inches  in  diameter  for  animals  (cats, 
rabbits)  ranging  in  size  up  tt)  dogs  weighing  about  15  to  20  pounds.  The  depth 
of  the  pan  should  be  about  three  inches.  For  this  purpose  I  have  used  a  large, 
round,  tinned  iron  (not  aluminum)  cake-pan  purchased  at  a  ten  cent  store. 
For  large  dogs  the  pan  should  be  somewhat  larger  than  the  one  here  described. 
On  pans  of  this  type  the  upper  edge  is  turned  outward  thus  forming  a  kind  of 
flange  with  a  rounded  edge.  At  a  distance  of  about  one-half  inch  below  this  a 
second  ring  (or  flange)  must  be  soldered  around  the  pan.  This  ring  should  ex- 
tend out  from  the  wall  of  the  pan  about  one-fourth  of  an  inch.  The  ring  may 
be  made  of  a  curved  strip  of  tinned  iron,  or  brass  or  copper,  or  a  one-fourth 
inch  soft  copper  tube  may  be  bent  around  the  pan  and  soldered  on.  (The 
copper  tube  will  cost  about  45  cents.) 

Fig.  2  shows  a  plan  of  the  ])an  as  seen  from  above.  Into  the  left  hand 
side  of  the  pan  a  brass  spout  made  of  one  and  one-eighth  inch  brass  tubing  is 
soldered.  This  tube  enters  the  pan  about  half  way  down  its  side  and  extends 
upward  as  it  passes  outward  from  the  pan.  At  a  distance  of  about  two  inches 
from  the  wall  of  the  pan  this  tube  has  an  obtuse  bend  which  allows  the  end  of 
the  spout  to  pass  outward  in  a  horizontal  direction.  This  greatly  facilitates 
its  attachment  to  a  tracheal  cannula  or  tc)  an  air-tight  muzzle  (Figs.  3  and  4). 
if  the  windpipe  is  not  opened.  It  is  important  for  this  tube  to  be  short  and  of 
comparatively  large  bore,  as  this  produces  the  least  possible  obstruction  to  the 
breathing  of  the  animal.  A  large  perforated  cork  is  placed  in  the  horizontal 
portion  of  the  spout  and  the  side  tube  of  the  tracheal  cannula  is  passed  tightly 
through  the  cork.  The  free  end  of  the  tracheal  cannula  carries  a  short  piece  of 
rubber  tubing  wdiich  is  closed  off  as  the  cannula  is  inserted  into  the  trachea  and 
then  attached  to  the  spout  of  the  pan.  If  a  muzzle  is  used,  one  of  the  project- 
ing flanges  either  at  the  end  or  on  the  side  of  the  muzzle  (depending  on  the  po- 
sition of  the  animal)  is  slipped  over  the  horizontal  part  of  the  spout  on  the  pan 
and  the  connection  is  made  air  tight  by  means  of  a  broad  rubber  band  cover- 
ing the  joint  where  the  tubes  overlap.  The  other  flange  on  the  muzzle  is  then 
closed  with  a  stopper. 

*From   the   Department    of   I'hannaeologi,-   of   Washington    Iniversity   !MeilitaI    School. 
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From   the   right-hand   side   of   the   pan    a   brass    (oxygen   inlet)    tube   one- 
fourth  inch  in  diameter  passes  into  the  centre  of  the  lar^e  pan.     At  this  point 


,VJheei  wrench 


Fig.  1. — A  diagram  showing  the  general  appearance  and  arrangement  of  the  apparatus  as  at- 
tached to  the  side  tube  of  a  tracheal  cannula.  Oxygen  is  admitted  slowly  from  the  tank.  The  large  pan 
is  placed  on  a  small  table  close  to  the  operating  board.  The  dog  and  the  operating  board  are  shown 
diagrammatically  as  if  placed  in   an   upright  position. 


-Efher 
inlet 


Oxyqen 
inlet 


I'"ig.    2. — A    general    plan    of    tlic    .ipparalus    (witlmul    llu-    li.ilh    cap)    as    seen    from    above. 


the  tube  bends  downward  at  a  riL^lit  aiigU'  ami  ends  .ibdul  one  hmrtli  inch   from 
the  bottf^n  of  the  large  pan.     Tliis  lube  carries  a  small   ( '^ix  \i\c\\  )   \rc  pan    (two 
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can  be  bought  for  5  cents  at  a  ten  cent  store)  which  is  attached,  bottom  up- 
wards, just  below  the  angle  in  the  brass  tube.  The  perpendicular  portion  of  the 
tube  passes  through  a  hole  made  in  the  centre  of  the  bottom  of  the  small  pan. 
The  outer  flange  of  the  small  pan  should  be  placed  at  a  distance  of  about  one 
and  one-eighth  inches  above  the  bottom  of  the  large  pan. 

Two  other  brass  tubes  one-fourth  inch  in  diameter  and  one  inch  long  are 
soldered  into  the  upper  part  of  the  opposite  sides  of  the  large  pan  just  below 
the  lower  flange  (or  ring).  One  of  these  tubes  serves  as  an  inlet  for  ether 
which  is  admitted  from  a  burette  through  a  rubber  tube,  while  the  other  brass 
tube  is  used  as  an  outlet  and  carries  a  short  piece  of  rubber  tubing  closed  by  a 
pinch  cock. 

When  in  use  a  very  thin  rubber  bath  cap  is  stretched  over  the  large  pan  in 
such  a  manner  as  to  allow  the  rim  of  the  cap  to  close  in  between  the  upper  edge 
(flange)  of  the  pan  and  the  lower  flange  (ring).  This  connection  must  be 
air  tight,  but  this  is  practically  always  accomplished  at  the  first  trial  if  wrin- 
kles are  kept  out  of  the  cap  band.  There  are  many  varieties  of  these  caps  on 
the  market.  The  one  I  have  found  most  satisfactory  is  made  of  two  pieces  of 
rubber,  a  round  sheet  about  ten  and  one-half  inches  in  diameter  which  serves 
as  the  top  of  the  cap,  and  a  second  round  sheet  of  approximately  the  same  di- 
ameter but  having  a  circular  opening  about  four  and  one-half  inches  in  diam- 
eter cut  out  of  its  centre.  This  opening  is  the  portion  which  is  stretched  out  to 
fit  over  the  pan.  These  two  sheets  of  rubber  are  cemented  together  at  the  outer 
edges  and  no  puckering  or  wrinkling  of  the  edges  of  the  cap  occurs  when  the 
rim  is  fitted  down  over  the  pan.  These  caps  are  made  of  very  thin  yellow  rub- 
ber and  cost  25  cents  apiece  (at  a  large  department  store).  Higher  priced 
caps  are  to  be  avoided  as  they  are  likely  to  be  made  of  heavier  material,  and 
often  have  folded  edges  (which  cause  leaks  of  air  around  the  rim  of  the  pan). 
If  reasonable  care  is  taken  of  one  of  these  caps  it  will  last  for  many  weeks.  It 
should  be  washed  and  dried  and  preferably  dusted  with  powdered  starch  each 
time  after  use. 

For  use  the  pan  has  a  layer  of  strong  (not  quite  saturated)  sodium  hydrate 
solution  (calcium  hydrate  may  be  added  if  desired)  about  three-fourths  of  an 
inch  in  depth  poured  into  the  bottom.  The  oxygen  inlet  tube  extends  below 
this  solution  and  wdien  oxygen  is  admitted  from  the  tank  the  solution  is 
splashed  upward  against  the  small  pan.  This  serves  to  help  the  sodium  hydrate 
to  absorb  the  carbon  dioxid  exhaled  by  the  animal.  The  small  pan  prevents  the 
solution  from  splashing  up  into  the  spout  and  reaching-  the  lungs  of  the  animal. 
Ether  is  admitted  from  a  burette  and  only  very  small  quantities  are  needed.  In- 
jections from  the  burette  may  often  not  exceed  one-half  or  one  cubic  centi- 
meter for  half  an  hour  after  the  animal  is  once  thoroughly  well  anesthetized. 
Some  ether  usually  has  to  be  added  from  time  to  time,  but  the  greatest  danger 
in  the  use  of  the  apparatus  is  the  giving  of  too  much  ether.  This  is  well  shown 
in  Fig.  5,  in  which  one  cubic  centimeter  of  ether  was  injected  when  the  animal 
was  already  fairly  deeply  anesthetized.  This  ether  was  later  allowed  to  escape 
(by  opening  the  screw  clamp  at  the  end  of  the  tracheal  cannula). 

If  a  muzzle  similar  to  the  one  shown  in  Figs.  3  and  4  is  used  the  animal 
may  be  attached  to  the  operating  board  and  anesthetized  with   ether   injected 
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into  the  pan.  I  have,  however,  usually  anesthetized  the  animal  on  the  floor 
and  then  inserted  a  tracheal  cannula  wihich  is  at  once  attached  to  the  pan.  This 
method  is  more  rapid  but  more  ether  may  be  wasted  in  starting  the  anesthesia. 
Regarding  the  cost  of  anesthesia  for  animals  by  this  method  I  may  give  the 
following  data  which  is  only  an  approximation  of  the  expense  which  varies 
greatly  with  the  size  (species)  of  the  animal  and  with  the  nature  of  the  ex- 
periment.     In   a   series   of  ten   experiments   on   dogs    (some   very  large,   others 


Fig.    3. — An    air-tight    muzzle    as    used    to    administer   an    anesthetic    to    a    dog    if    the    trachea  is    not 

opened.      The   rear  end   of   the  metal    (brass)    cylinder   is   covered  with   a  disc    of   heavy    rubber   dam  which 

is    perforated    with    a    three-fourths    inch    hole    near    the    center.      The    dog's    nose    and    mouth    arc  passed 
into   the   muzzle    through  this    hole. 


l?ig.  4. — A  view  of  the  left  side  of  the  muzzle  showing  the  .side  flange  for  use  when  tlu-  aniiii.il 
is  lying  on  its  back.  The  flange  slips  over  the  spout  of  the  large  pan,  the  connection  being  covered  willi 
a  broad   rubber  band. 

small)  in  which  the  anesthesia  lastcil  from  perhaps  one  hour  up  to  seven  hours 
and  ten  minutes  1  u.sed  one  forty  gallon  lank  full  of  oxygen,  approximately  two 
pounds  of  sodium  hydrate  and  about  ouf  pound  of  ether.  The  oxygen  (in  40 
gallon  tanks,  one  of  tbc  most  c'\])tnsive  sizes)  cost  $2.25,  the  .sodium  hydrate 
cost  $0.50  per  pound  (abiKtrmally  c.Ni)ensive)  and  the  ether  $0.3()  per  pound. 
This  indicates  that  the  cost  of  these  experiments  was  about  $0.3<)  per  animal, 
and  as  the  average  (hnation  of  carli  e\])erinu'nt   was  approximately   lour  houi"s 
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the  average  cost  per  hour  was  about  nine  or  ten  cents.  This  must  necessarily 
vary  greatly,  however,  with  the  size  of  the  animal,  for  a  small  dog  will  use 
very  much  less  oxygen  and  sodium  hydrate  than  a  large  one.     The  cost  of  the 


ether  is  very  small  in  any  case.  The  chief  point  to  be  considered  in  this  method 
is,  however,  not  the  initial  cost  of  the  chemicals,  but  the  greatly  improved  and 
reliable  form  of  anesthesia.  For  in  a  closed  method  such  as  this,  one  "dose" 
of  ether  is  retained  with  but  exceedingly  small  variations  within  the  animal 
over  prolonged  periods  of  time,  and  the  regularity  of  the  anesthesia  compares 
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more  with  that  produced  by  a  "dose"  of  morphine  than  with  the  ordinary  form 
of  anesthesia  carried  on  by  the  open  methods,  with  ether  bottles,  etc.  One  has 
full  command  of  the  depth  of  the  anesthesia  and  can  vary  it  at  any  time.  Chlo- 
roform, ethylchlorid  or  nitrous  oxid  may  also  be  used  by  this  method  but  for 
ordinary  experimental  work  ether  is  preferable. 

There  were  three  points  about  which  I  was  in  doubt  before  I  had  care- 
fully tried  out  this  method.  These  were  first,  the  question  as  to  whether  or  not 
the  movement  of  the  respired  air  (or  vapors)  above  the  sodium  hydrate  solu- 
tion would  be  sufficient  to  cause  a  satisfactory  absorption  of  the  carbon  dioxide 
exhaled  by  the  animal.  With  very  large  dogs  I  believe  that  CO2  may  thus  ac- 
cumulate to  some  extent  at  times  especially  if  the  alkali  solution  is  not  suffi- 
ciently strong.  With  smaller  animals  (also  rabbits,  etc.")  the  CO,  causes  no 
disturbance  and  is  apparently  practically  completely  absorbed  as  soon  as  ex- 
haled from  the  lungs.  With  a  larger  form  of  apparatus  this  absorption  would 
undoubtedly  be  sufficient  for  anv  animal.  It  was  with  this  object  in  view  that 
the  wide  shallow  cake  pan  was  used  so  as  to  provide  for  a  large  absorbing  sur- 
face. 

The  second  point  about  which  I  was  in  doubt  concerned  the  possible  accumu- 
lation of  too  much  moisture  in  the  air  breathed.  It  is  to  be  remembered  in  this 
connection  that  dogs  give  ofif  exceedingly  little  moisture  in  the  form  of  sweat 
and  excretion  of  water  by  the  lungs  becomes  of  especial  importance.  This  ac- 
cumulation of  watery  vapor,  however,  depends  mainly  on  temperature.  This 
was  the  third  point  about  wdiich  I  was  especially  concerned.  In  practice  it 
does  not  appear,  however,  that  either  of  these  factors  causes  any  special  dis- 
turbance. This  is  probably  due  to  the  use  of  a  considerable  volume  of  cold 
alkali  solution  and  the  further  rapid  cooling  of  the  air  to  room  temperature 
which  can  occur  through  the  very  thin  and  flexible  bath  cap.  A  further  fac- 
tor in  the  cooling  also  is  the  admission  of  oxygen  from  the  high  pressure  tank. 
The  sudden  expansion  of  this  gas  as  it  bubbles  through  the  hydrate  solution 
cools  very  considerably  the  oxygen  admitted.  Unless  the  dog  be  too  large  for 
the  capacity  of  the  apparatus  none  of  these  factors  causes  any  objectionable 
features  in  the  anesthesia. 

It  is  important  for  the  alkali  solulion  to  be  cold,  however,  when  it  is  used. 
The  alkali  should  he  dissolved  and  the  solution  allowed  to  cool  for  several  hours 
before  it  is  employed  for  an  experiment.  Jn  one  instance,  by  mistake,  some 
sticks  of  sodium  hydrate  were  added  to  the  solution  (whicli  had  been  used  be- 
fore) in  order  to  strengthen  it  just  before  an  experiment  was  started.  These 
fresh  sticks  in  dissolving  raised  the  temperature  of  ihe  alkali  solution  in  the 
large  pan  considerably.  Correspondingly  it  was  foun<l  lliat  the  n-ctal  tempera- 
ture of  the  animal  rose  to  lO.S  degrees  I^'ahrcnluil.  In  avi-ragi'  expei-imenls. 
however,  the  temperature  usually  remains  ])raclically  constant  at  the  point  reg- 
istered when  the  ajjparatus  is  attached  to  the  animal,  but  in  long  experiments, 
or  following  severe  o])erations,  tlu-  temperature  slowly  falls,  it  has  seemed  to 
me  that  the  temperature  oilvw  thus  remains  up  to  nonnal  thereby  conser\ing 
the  vitality  of  the  animal  at  times  when  onlinaiy  npen  methods  of  anesthesia 
would  considerabl\-   wi'.aken   the  animal    tln(iUgh   Ik'at    los--. 

Certain   inlert'stin-j    fixtures  ;ire  often   brom^ht   ont    li\-   tlii->  method  of  anes- 
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on  the  orculation  and  .espiration.  The'  secI  d '  ■  '"""  ""  ^^"°"  °^  ^'»hoI 
ten  cub,c  centimeters  of  30%  alcohol  Z  ,  T"'"""  («'"venously)  of 
There   was  a   considerable   inSa,    fa",  °  f   Zf^'^    ^'"PP-^^    'he    respiration. 

blood   pressure   followed   by  a   rise 
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(asphyxial?),  but  the  pressure  did  not  again  soon  begin  to  fall  rapidly  as  would 
ordinarily  occur.  On  the  contrary  the  pressure  remained  high  for  a  very  con- 
siderable period  of  time  during  which  the  respiratory  movements  were  entirely 
absent.  Finally,  as  the  blood  pressure  started  to  fall  rapidly,  the  lungs  were 
inflated  a  few  times  artificially  and  then  the  animal  at  once  started  rapidly  to 


.V%\P''V|/\/\Ai\.V^\ 


Fig.    7. — Intestinal    contractions,    rcsi)iration    and    blood    i>rcssiiro    ot    a    do^    nndcr    closed    etlier    anes- 
thesia,    liijection  of   1    milligram  of  muscarine   caused  marked   reactions  as   indicated   in   the   tracings. 

recover.  The  point  of  interest  here  is  the  very  lono-  period  during  uhicli  the 
animal  lived  in  very  good  condition  while  the  respiration  was  stopped.  It 
would  appear  that  the  api)roxiniately  pure  oxygen  in  the  api)aratus,  with  which 
the  lungs  were  in  lairlv  direct  comnuuiication  lhi"ougli  Ihi'  Iracliea,  must  have 
been  in  part  responsible  fur  the  resuh   obserxcd. 

Another  point  of  interest  is  the   fact  thai,  as  a  nile,  one  must   from  time  to 
time  add  small   amounts  of   ether   tn   the  api)ar;itus   to   maint.iin    the   anesthesia 
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at  a  constant  depth.  It  would  seem  that  this  may  be  due  to  the  very  gradual 
destruction  of  small  quantities  of  the  drug  or  to  its  excretion  in  traces  from 
the  tissues  of  the  animal.  I  have  suspected  that  a  very  limited  amount  may  thus 
escape  through  the  mucous  membranes  of  the  mouth.  Other  small  quantities 
may  be  excreted  into  the  urine  or  pass  into  the  intestinal  contents  or  into  the 
structure  of  the  bones,  etc.,  when  the  depression  of  the  central  nervous  sys- 
tem might  be  decreased  a  little  thus  allowing  slight  symptoms  of  recovery  to 
appear.  It  is  also  possible  that  small  traces  of  the  drug  may  leak  out  through 
the  rubber  bath  cap.  In  all  cases,  however,  it  is  strikingly  evident  that  only  the 
smallest  amounts  of  ether  can  either  be  oxidized  or  excreted  during  the  course 
of  the  longest  anesthesia.  When  the  breath  is  allowed  to  escape  into  the  open 
air  the  ether  is  of  course  rapidly  excreted  by  the  lungs. 


DIAGNOSIS  OF  CANCER* 


By  Max  Kahn,  M.D.,  Ph.D.,  Pittsburgpi,  Pa. 


THE  early  diagnosis  of  cancer  is  so  important  for  the  welfare  of  the  patient, 
that  clinical  methods  alone  are  only  of  limited  and  usually  precarious  sig- 
nificance. The  laboratory  has  been  striving  for  a  number  of  years  to  develop  a 
:est  for  cancer  which  should  be  as  reliable  as  the  Wassermann  test  is  for  syphilis. 
In  the  past  two  decades  or  so,  quite  a  number  of  methods  have  been  sug- 
gested for  the  early  diagnosis  of  malignant  neoplasms.  Not  one  of  the  methods 
:hus  far  recommended  has  proved  specific  and  infallible.  The  enthusiastic 
:laims  of  the  originator  of  each  laboratory  procedure  could  not  be  corroborated 
3y  the  various  other  workers  in  this  field.  Nevertheless,  a  combination  of  sev- 
eral methods  may  aid  the  clinician  very  much  in  the  early  diagnosis  of  cancer, 
riie  tests  thus  far  suggested  may  be  classified  as  follows  :** 

A.  Microscopical. 

1.  Examination  of  shreds  of  pieces   of  tissue. 

2.  Examination  for  bacteria. 

3.  Examination  for  protozoa,  etc. 

B.  Biological. 

1.  Hematological. 

a.  Analysis   for   occult   blood. 

b.  Presence   of   specific   bodies   in   blood. 
**"                     c.     Serological. 

i.  Deviation   of   the   complement. 

ii.  Anaphylactic   studies. 

iii.  Presence   of   precipitins,   lysins,   hemolysins,    etc. 

iv.  Presence   of   antitrypsin. 

V.  Toxicity  of  serum, 

vi.  The  Abderhaldcn  reaction, 

vii.  The   Meiostagmin   reaction. 

2.  Biochemical. 

a.  Gastric   contents'   analyses. 

i.     The    glycyl-tryptophane    and    other    i)ol\  pejititl    reactions. 

ii.     The   Salomon   albumin  test, 
iii.     .Anaphylactic    studies. 
iv.     P'nzyme   tests. 

b.  Urinary  analyses. 

i.     Enzyme   tests, 
ii.     Metabolism    studies    of   nitroj^en,    sulliir    and    iiiui^pjiorus. 

C.  Clinical   methods. 

1.  Test    diets — Glutzinski,    etc. 

2.  Skin    reactions    and    vaccine   methods. 
I  ).     Cluiuical. 

1.     Analyses   of   gastric   contents. 

a.  Presence  of  lactic,  acetic,  oleic  acids,  etc. 

b.  The   hypoacidil_\'    detcrniinalions. 

c.  Tests    for  blood. 

d.  .Analysis   for   nitrogen,   albumin,   ijliosphorus'   etc. 


'Frnm    the    liiorlieniical    l<:il)OiaU)iy,    Wcstorii    I'cmisylv.iiii.i    I  liis|iii,il,    I'IiIsIhiikIi.    Pa. 
'Kaliii,   .Max:      .Xrcli.    Diagnosis,   Jub'.    •''N. 
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2.  Analysis  of  urine. 

a.  Colloidal   nitrogen   estimation. 

b.  Neutral   sulfur   determination. 

c.  Determination  of  oxyproteic  acid. 

d.  Sundry  other  relictions. 

3.  Examination    of    puncture    Huids    from    serous    cavities. 

We  have  compiled  in  a  table  of  statistics  the  findings  of  various  scientists, 
who  have  reported  either  favorable  or  unfavorable  results  with  the  more  im- 
portant of  these  tests. 


TESTS. 

FAVORABLE 

NON-FAVORABLE 

CANCER           NON-( 

:ancer 

CANCER 

NON-CANCER 

% 

%                   % 

% 

% 

% 

7o 

% 

+ 

+ 

- 

+ 

- 

+ 

- 

The  Abderhalden  Reaction 

100 

0           6 

94 

30 

70 

10 

90 

The  Meiostagmin 

89 

11            0.9 

94.1 

83 

7 

40 

60 

The  von  Dungern 

89.8 

10.2         72 

92.8 

40 

60 

35 

65 

The  Brieger-Trebing 

93.6 

6.4       30.7 

69.3 

56 

44 

75 

25 

The  Salomon  Test 

95 

5          10 

90 

60 

40 

10 

90 

The  Salkowski-Kojo  Test 

93 

7          12 

88 

70 

30 

20 

80 

The  Salomon-Saxl  Test 

85 

15            7 

93 

80 

20 

45 

55 

The  Kelling  Test 

81 

19          18 

82 

70 

30 

35 

65 

Glycyl-Tryptophane 

95 

5           0 

100 

95 

5 

90 

10 

Oxy-proteic  Acid 

90 

10           8 

92 

80 

20 

40 

60 

We  have  given  special  attention  to  the  Salomon  test  for  gastric  cancer,  and 
to  the  Salkowski-Kojo  and  the  Salomon-Saxl  test  for  malignancy  of  any  part 
of  the  body. 

I.       SALOMON    TEST    FOR    GASTRIC    CANCER.* 

On  the  assumption  that  malignant  disease  of  the  stomach  is  accompanied  by 
degeneration  processes  which  liberate  debris  and  protein  matter  into  the  stomach 
cavity,  Salomon  recommended  a  test  which  he  thought  was  diagnostic  of  cancer 
of  the  stomach.  This  theoretical  assumption  is  in  accordance  with  our  knowl- 
edge of  cancer  in  general,  and  the  results  reported  by  various  observers  would 
seem  to  bear  out  the  theory.  It  must  be  remarked,  however,  that  such  diseases 
as  gastric  ulcer  would  also  cause  a  gastroalbumorrhea,  as  has  been  demonstrated 
by  several  opponents  of  Salomon's  test. 

Salomon's  method  for  testing  the  stomach  contents  for  the  albumin  fraction 
is  as  follows :  The  stomach  is  first  carefully  washed  on  the  evening  before  test- 
ing, after  a  preliminary  nonalbuminous  fluid  diet  had  been  administered  for 
twenty-four  hours.  On  the  next  morning  the  stomach  is  thoroughly  washed 
with  normal  saline  solution  (400  c.c.)  the  same  fluid  being  repeatedly  used  and 
then  tested  for  the  quantity  of  nitrogen  by  the  Kjeldahl  method  and  for  the 
quantity  of  albumin  by  the  Esbach  method. 

Salomon  found  the  nitrogen  content  in  noncarcinomatous  cases  to  be  be- 
tween 0  and  16  milligrams  per  100  c.c.  of  fluid.  His  study  of  six  cases  of  can- 
cer of  the  stomach  revealed  between  10  and  70  milligrams  of  nitrogen  per  c.c. 
and  the  albumin  content  was  between  0.06  and  0.5  parts  per  thousand.  Accord- 
ing to  Salomon  a  case  is  extremely  suspicious  of  carcinoma  if  the  nitrogen  con- 

*Kahn,  Max,  and  Jacobowitz,  T. :     Med.   Rec,  New  York,   Dec.   11,   191S. 
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mt  is  more  than  20  milligrams  per  100  c.c.  of  the  fluid,  or  if  the  Esbach  test 
'ives  a  distinct  precipitate. 

W'olfl:'  and  junghans  modified  the  Salomon  technic  somewhat.  They  de- 
ermined  the  albumin  by  the  phosphotungstic  acid  reagent.  They  obtained  very 
ood  results.  Smithies  found  that  the  Wolff-Junghans  modification  is  of  de- 
ided  value.  Another,  modification  of  this  test  has  been  recommended  by  Good- 
lan,  who  desired  to  eliminate  the  labor  involved  in  a  Kjeldahl  determination. 
le  analyzed  the  gastric  contents  for  phosphorus. 

Siegel  concurred  with  Salomon's  opinion,  concluding  from  his  own  results 
liat  a  figure  over  25  milligrams  of  nitrogen  per  100  c.c.  is  suspicious  of  gastric 
ancer,  Orlowski,  Schittenhelm  and  Lowes,  Zirkelbach,  W'itte,  and  Schupfer  are 
onvinced  that  the  Salomon  test  is  of  value.  Gerster  regards  this  test  as  useful 
1  cancer  of  the  lesser  curvatvire  without  stenosis,  unless  the  cancer  has  formed 
n  an  old  ulcer,  in  which  case  the  little  hydrochloric  acid  present  would  digest 
he  albumin  present.  Zirkelbach,  however,  is  of  the  opinion  that  the  minimum 
litrogen  content  suggestive  of  cancer  is  30  milligrams  nitrogen  per  100  c.c.  of  the 
k'ashing  fluid.  Berent  and  Guttmann,  Romano.  Minkowski  and  Yague  have  re- 
orted  very  unfavorable  results  with  this  test.  Goodman,  on  the  basis  of  his 
ndings  with  his  modified  technic,  concluded  that:  (1)  In  normal  individuals 
nd  in  persons  suft'ering  from  diseases  exclusive  of  carcinoma  of  the  stomach, 
he  Salomon  test  gives  more  than  20  milligrams  of  nitrogen  per  100  c.c.  of  wash 
/ater;  (2)  not  all  cases  of  gastric  carcinoma  reveal  more  than  20  milligrams  of 
itrogen — the  absence  of  ulceration  is  probably  responsible  for  this;  (3)  the 
est  is  by  no  means  pathognomonic  and  can  be  considered  as  contributary  only 
0  the  other  symptoms;  (4)  the  phosphoric  acid  of  the  wash  water  of  a  noncar- 
inomatous  case  is  less  than  10  milligrams  per  100  c.c,  whereas  in  cancerous 
onditions  it  usually  exceeds  10  milligrams. 

Mention  should  be  made  of  the  work  of  Clarke  and  Rehfuss,  which  was 
ommunicated  by  Hawk  before  the  Columbia  University  Biochemical  Associa- 
ion.  The  following  is  a  summary  of  their  findings :  "The  protein  content  of 
he  gastric  juice  was  investigated  by  the  method  of  Wolff,  namely,  by  succes- 
ively  diluting  the  gastric  juice  and  adding  phosphotungstic  reagent.  It  was 
ound  that  the  normal  gastric  juice  /r;-  se  contained  only  traces  of  protein.  ne\er 
iving  a  reaction  in  dilutions  greater  than  1  :40.  The  protein  content  of  the 
pecimens  removed  by  the  fractional  method,  after  administration  of  Ewald 
leals,  was  also  determined.  The  macerated  Ewald  meal  ;';;  ritro  never  gave  a 
eaction  in  a  dilution  greater  than  1  :40.  Treated  in  the  incul)at(ir  with  artificial 
astric  juice,  the  authors  were  unable  to  demonstrate  an  increasing  content  due 
0  the  effect  of  the  gastric  juice  on  the  proteins  of  the  bread.  If,  therefore,  nia- 
erial  removed  from  the  stomach  at  intervals  develops  a  greater  protein  cun- 
ent  than  the  theoretical  content  due  lo  the  action  of  the  gastric  juice  on  the 
iread  proteins,  we  are  able  to  say  that  it  comes  from  other  sources  than  bread." 
n  cancer  the  authors  f(jund  a  high  protein  coefficient. 

We  have  found  the  v^alomon  test  to  be  of  distinct  value  in  the  diagnosis 
if  cancer  of  the  stomach.  It  will  be  seen  from  the  accompanying  tables  that  the 
igures  obtained  in  gastric  malignancy   were  \ery  much   higlu'r  than   the  figures 
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Albumin  in  the  Gastric  Washings  of  Nongastric  Cases. 


NAME. 


diagnosis. 


NITROGEN 

MGS.  IN 

100  c.c. 


ALBUMIN   PARTS   P.M. 


ESBACH. 


TSUCHIYA. 


1 

J.  M. 

2 

I.  B. 

3 

N.  R. 

4 

F.  M. 

5 

A.  J. 

6 

S.  H. 

7 

A.  K. 

Diabetes 

12.5 

Traces 

Traces 

Diabetes 

9.4 

None 

Traces 

Pulm.  Tbc. 

7.?, 

None 

None 

Fracture 

5.9 

None 

Traces 

Fracture 

1.4 

None 

None 

Syphilis 

8.2 

None 

None 

Syphilis 

5.4 

None 

None 

Gastroalbumorrhea  in  Carcinoma  oe  the  Stomach. 

NO. 

nitrogen 
name.               mgs.  in 
1       100  c.c. 

ALBUMIN   PARTS   P.M. 

ESBACH.                TSUCHIYA. 

8 

Mrs.  W. 

69.8 

0.75 

0.8 

9 

M.  W. 

52.7 

0.6 

0.75 

10 

F.  C. 

71.5 

0.65 

0.8 

11 

S.  G. 

47.9 

0.6 

0.8 

12 

E.  F. 

33.2 

0.4 

0.5 

13 

M.  G. 

44.8 

0.5 

0.7 

14 

Z.   H. 

51.2 

0.5 

0.6 

15 

A.  T. 

32.4 

0.4 

0.5 

16 

D.   S. 

67.4 

0.75 

0.9 

17 

E.    M. 

62.8 

0.8 

0.9 

18 

W.  J. 

32.5 

0.6 

0.8 

19 

A.  H. 

27.9 

0.4 

0.6 

20 

G.  T. 

35.5 

0.5 

0.75 

21 

G.   F. 

29.3 

0.4 

0.75 

22 

J.    L. 

51.2 

0.5 

0.6 

In  Cancer  oe  the  Esophagus. 

23 
24 

25 

N.  Z.                62.7                    1.2 
N.  H.                 28.4                    0.4 
J.   T.                  43.9                    0.6 

1.5 
0.6 
0.8 

Gastroalbumorrhea  in  Noncancerous  Diseases  op  the  Stomach. 

NO.                       NAME. 

diagnosis. 

nitrogen. 

MGS.  IN 

100  c.c. 

ALBUMIN   PARTS   P.M. 

i 

ESBACH.       1         TSUCHIYA. 

26 

B. 

Gastric  ulcer 

25.5 

0.2 

0.2 

27 

S.  K. 

Gastric  ulcer 

32.4 

0.4 

0.4 

28 

M.  F. 

Gastric  ulcer 

41.2 

0.5 

0.6 

29 

M.  M. 

Gastric  ulcer 

33.7 

0.4 

0.3 

30 

B.  W. 

Gastric  ulcer 

35.9 

0.4 

0.5 

31 

J.  J. 

Gastric  ulcer 

22.6 

0.3 

0.3 

32 

R.  K. 

Gastric  ulcer 

12.8 

None 

Trace 

2>Z 

K. 

Cardiospasm 

1.5 

None 

None 

34 

M. 

Acute  gastritis 

38.9 

0.5 

0.5 

35 

F. 

Hyperacidity 

12.5 

None 

Traces 

36 

Katz 

Gastrectasis 

3.9 

None 

None 

37 

L.  B. 

Tabetic  crises 

2.4 

None 

None 

38 

T. 

Hyperacidity 

1.7 

None 

None 

39 

L.  K. 

Chronic  gastritis 

19.8 

0.2 

0.3 

40 

J.   U. 

Anaciditv 

5.5 

None 

Trace 

41 

M.  D. 

Appendicitis 

2.6 

None 

None 

42 

S. 

Hernia 

2.4 

None 

None 

43 

M.  M. 

Intestinal  stasis 

4.7 

None 

None 
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lOund  in  other  diseases  of  the  stomach.  Care  must  be  observed  to  eliminate 
l,-astric  ulcer  and  acute  inflammation  of  the  stomach  mucosa.  A  negative  Salo- 
mon test  is  significant  of  a  nonmalignant  condition.  A  positive  test  has  to  be 
udged  discriminatingly. 

We  wish  to  call  attention  to  the  fact  that  ordinary,  routine  examination  of 
he  gastric  contents  after  an  Ewald  test  meal  is  of  but  little  value  as  an  aid  to 
liagnosis  of  gastric  carcinoma. 

Graham  and  Guthrie  analyzed  the  gastric  contents  of  150  patients  suffering 
vith  carcinoma  ventriculi.  They  obtained  the  following  results,  which  we  shall 
)resent  in  the  form  of  a  table : 

Free    hydrochloric    acid    present    in 70  cases 

Free  hydrochloric  acid  (no  blood,  lactic  acid,  food)   in 46 

Blood  present  in 80  " 

Blood  and  lactic  acid  present  in 20  " 

Blood  and  food  present  in 15  " 

Blood  and  food  and  lactic  acid  present  in 30  " 

Food  remnants  present  in 62  " 

Lactic   acid   present    in 64  " 

II.     the:  salkowski-kojo  and  the  salomon-saxe  tests.* 

Salkowski-Kojo  Test. — In  1892,  Topfer  found  that  the  urine  of  patients 
.uffering  from  cancer  contained  a  very  large  amount  of  "extractive  substance." 
Phis  "extractive  substance"  was  calculated  by  first  determining  the  quantity  of 
otal  nitrogen  and  then  subtracting,  from  this  amount,  the  sum  of  the  nitrogen 
-alues  for  urea,  uric  acid,  and  ammonia,  of  the  same  urine.  Bondzynski  and 
jottlieb,  five  years  later,  reported  that  the  nitrogen  in  oxyproteic  acid,  in  the 
irine,  was  2  to  3  per  cent  of  the  total  urinary  nitrogen.  Salkowski,  and  Hess 
md  Saxl,  using  difterent  procedures,  concluded  that  the  oxyproteic  acid  portion 
)f  the  alcohol-precipitable  substances  is  increased  in  the  urine  of  human  beings 
iuffering  from  carcinoma. 

Salkowski  and  Kojo,  in  a  preliminary  communication,  recently  suggested 
;everal  methods  for  the  determination  of  colloidal  nitrogen  in  the  urine.  A  year 
atcr,  Kojo  published  the  results  of  a  comparative  study  of  the  various  proced- 
ires  suggested  in  this  connection.  Kahn  and  Rosenbloom  studied  the  zinc-sul- 
ate-precipitable,  colloidal,  nitrogenous  material  from  the  urine  of  normal  sub- 
ects,  as  well  as  of  carcinomatous  patients,  and  concluded  that  the  amount  of 
:olloidal  nitrogen  was  invariably  increased  in  carcinoma.  They  also  found  that 
liseases  like  myocarditis,  diabetes,  leukemia,  anrl  anemia,  likewise  gave  a  high 
:olloidal-nitrogen  index.  They  concluded  that  this  quantitative  test  was  not 
jpecific  for  cancer.  Kahn  and  Rosenbloom  studied  the  amount  of  colloidal  ni- 
rogen  in  the  urine  of  a  dog  suffering  from  a  malignant  neoplasm.  In  this  case 
hey  used  dialysis  as  a  part  of  the  method  and  found  that  the  quantity  of  col- 
oidal  nitrogen  was  much  greater  in  the  in-ine  of  the  diseased  dog  than  the 
imount  present  in  the  urine  of  normal  dogs. 

Volpe  found  that  the  colloidal-nitrogen  index  is  of  sju'cial  vahie  in  cancer 
liagnosis.      Mancini,    using    tiu'    v^alkowski    mctliod,    foiuid    lliat    there    were    in- 

•Goodridge.   F.    O..   mid    Kahn,    Max:      liiochcni.    null.,    1015,    iv.    118. 
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creased  eliminations  of  colloidal  nitrogen  in  the  urines  of  patients  afflicted  with 
cancer,  but  this  increase  also  occurred  in  pneumonia  and  pleurisy.  Seminov  re- 
ported that  the  colloidal  nitrogen  output  is  low  in  nomial  individuals  and  is  in- 
creased in  cancer  patients.  He  concluded  that  although  the  normal  index  ex- 
cludes the  possibility  of  a  malignant  growth,  the  increased  amount  of  colloidal 
n-itrogen  in  the  urine  is  not  specific  for  carcinoma.  Konikov  found  that  the 
average  amount  of  colloidal  nitrogen  in  the  urine,  as  determined  by  the  Sal- 
kowski-Kojo  method,  was  1.68  per  cent  of  the  total  nitrogen  in  normal  cases, 
and  2.47  per  cent  in  carcinomatous  individuals.  Of  73  cases  of  cancer  in- 
vestigated by  him,  only  9  showed  a  higher  coefficient  than  2.5  per  cent. 

According  to  Marcel,  Labbe,  Dauphin  and  others,  on  the  other  hand,  in- 
crease in  the  urinary  colloidal  nitrogen  is  an  index  of  a  derangement  of  nitro- 
genous metabolism ;  and  while  it  may  serve  to  detect  functional  insufficiency  in 
the  liver,  it  is  not  at  all  specific  for  cancerous  states.  Carforio,  also,  concluded 
that  the  colloidal  nitrogen  index  is  not  pathognomonic  of  cancer. 

Salomon-Sa.vl  Test. — Salomon  and  Saxl  have  described  a  neutral-sulfur  re- 
action in  the  urine.     Like  all  other  tests  in  this  connection,  it  has  given  excellent^ 
results  in  some  hands  btit,  in  others,  has  proved  valueless.     The  abnormal  con- 
stituent in  the  urine  of  carcinomatous  patients  is  a  neutral-sulfur  fraction,  the 
sulfur  of  which  can  be  split  off  by  means  of  hydrogen  peroxide,  and  can  be  de-j 
termined  as  barium  sulfate.     Positive  urines  yield  0.010  to  0.018  gm.  of  barium 
sulfate  from  this   fraction,   for   100  c.c.  of  urine.     Of  41   carcinoma  cases   ex- 
amined by  Salomon  and  Saxl,  30  were  positive,  4  faintly  positive,  1  questionable,] 
and  6  negative.     Of   182  normal  urines,  6  were  positive,  3   faintly  positive,   1 
questionable  and  172  negative. 

Peterson  divided  his  cases  into  three  classes.  (A)  Clinically  noncancerous! 
suspects :  of  26  patients  examined,  25  gave  a  negative  Salomon  and  Saxl  neutral- 
sulfur  reaction.  (B)  Clinically  cancer  suspects:  of  20  cases  examined,  5  were 
negative,  2  alternately  positive  and  negative'  reactions,  and  13  cases  positive. 
(C)  Manifest  cancer:  of  19  cases,  17  always  gave  a  good  positive  reaction;  the 
two  negatives  were  icteric  and  cachectic.  Dozzi  found  that  the  test  was  in- 
variably negative  in  all  his  patients  free  from  cancer  or  tuberculosis,  but  the  fre- 
quency of  the  positive  responses  in  tuberculous  patients  detracted  from  its  value 
as  a  sign  of  cancer,  although  cancer  is  rarely  mistaken  for  tuberculosis.  The 
only  cancer  cases  that  gave  negative  results  were  those  in  which  the  cancer  had 
been  excised.  Murachi,  also,  found  an  increase  in  the  neutral  sulfur  from  can- 
cer patients.  The  coefficient,  according  to  him,  may  be  3.8  per  cent  of  the  total 
sulfur. 

In  contrast  to  the  foregoing,  Pribram  found  that  only  60  per  cent  of  can- 
cer patients  gave  a  positive  Salomon-Saxl  test,  that  the  test  is,  therefore,  far 
from  specific.  Alekseev  came  to  a  similar  conclusion.  Mazzitelli  has  studied 
this  test  in  50  cases  of  cancer,  with  and  without  cachexia.  Of  18  cases  of  the 
latter  variety,  the  test  was  positive  in  14;  but  also  in  8  of  10  cases  of  tuber- 
culous cachexia,  and  16  or  23  cases  of  cachexia  of  various  origins,  including  11 
with  cancer  and  4  with  tuberculosis;  Greenwald  concluded  that  this  test  has  no 
value  in  the  diagnosis  of  cancer. 
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The  procedure  for  carrying  out  these  tests  is  as  follows :  Of  course,  the 
specimen  of  urine  examined  is  a  twenty-four  hour  collection,  preserved  with 
about  5  grams  thymol. 

Salkowski-Kojo  Test. — The  urine  was  first  tested  for  coagulable  protein, 
iwhich,  if  found,  was  removed  by  means  of  heat  coagulation,  with  addition  to 
the  boiling  liquid  of  a  few  drops  of  dilute  acetic  acid  sol.  To  100  c.c.  of  mixed, 
filtered,  24  hour  specimen  of  urine,  zinc  sulfate  was  added  in  sufficient  quantity 
to  efifect  saturation.  The  saturated  liquid  was  allowed  to  stand  for  24  hours, 
then  was  filtered  through  ashless  paper,  and  the  precipitate  washed  several 
times  on  the  paper  with  saturated  zinc  sulfate  solution,  to  remove  nitrogenous 
substances  adherent  to  the  precipitate.  The  paper  and  precipitate  were  then 
placed  in  a  Kjeldahl  flask  and  the  nitrogen  content  determined  by  the  Kjeldahl 
method.  The  total  nitrogen  in  5  c.c.  of  urine  was  also  determined  by  the 
Kjeldahl  method.  The  ratio  of  the  nitrogen  in  the  zinc  sulfate  precipitate  to  the 
total  urinary  nitrogen  was  computed. 

Salomon-Saxl  Test. — The  technic  of  the  Salomon  and  Saxl  neutral-sulfur 
test  is  the  following:  150  c.c.  of  urine,  freed  from  coagulable  protein  by  heat 
and  acid,  are  diluted  with  100  c.c.  of  water.  A  mixture  of  100  c.c.  of  sat. 
aqueous  sol.  of  barium  hydroxid  and  50  c.c.  of  sat.  aqueous  sol.  of  barium 
chlorid  is  added,  the  liquid  filtered,  and  the  filtrate  tested  with  barium  to  see  if 
precipitation  is  complete.  In  order  to  remove  the  ethereal  sulfates,  300  c.c.  of 
the  filtrate  are  treated  with  30  c.c.  of  cone,  hydrochloric  acid  sol.,  and  boiled  for 
15  min.  In  an  Erlenmeyer  flask,  using  a  funnel  condenser.  The  flask  is  then  placed 
on  a  water-bath  for  24  hours.  Of  the  clear  filtrate,  200  c.c.  are  mixed  with  3  c.c. 
of  hydrogen  peroxide  (perhydrol-Merck),  and  boiled  for  15  min.  with  a  funnel 
condenser.  After  boiling,  the  liquid  is  transferred  to  a  conical  graduate,  where, 
at  the  end  of  6  hr.,  the  amount  of  precipitate  is  observed.  Antipyrin  and  creosote 
medications  interfere,  according  to  certain  authors,  with  this  test. 

Goodridge  and  Kahn  concluded  from  their  observations  that  positive  re- 
sults with  either  the  colloidal-nitrogen  test  (Salkowski-Kojo)  or  the  neutral- 
sulfur  test  (Salomon-Saxl),  alone,  are  not  indicative  of  carcinoma.  When  per- 
formed conjointly  on  urine  of  the  same  case,  however,  positive  results  with  both 
methods  are  strongly  indicative  of  malignancy.  The  appended  table  extracted 
from  the  work  of  Goodridge  and  Kahn.  is  representative  of  the  figures  they  ob- 
tained. 


— 

Total   N 

Colloid-N 

IVr    cent 

Total    S 

S.'ilonion- 

Per   cent 

in 

in  100  c.c. 

Colloid-N 

in 

Saxl    neu- 

Neutral   S 

No. 

Name 

Diagnosis 

100  c.c. 

urine 

of 

100   c.c. 

tral    S    in 

in 

urine 

gm. 

Total    N 

urine 

100  c.c. 

Total    S 

gm. 

gm. 

urine 
gni. 

1 

A.  I. 

Normal 

0.7459 

0.01006 

1.35 

0.112 

0.0019 

1.72 

2 

A.  T. 

" 

0.787.=; 

0.0098 

1.25 

0.109 

0.0018 

1.65 

.3 

1.  S. 

" 

().X132 

0.0109 

1.84 

0.097     11 

ot  \v'k'<I 

CSS  than  1 

4 

M.  K. 

•' 

0.7986 

0.0U)7 

2.10 

0.124 

0  0027 

2.07 

5 

I).   F. 

" 

0.9178 

0.0164 

1.74 

0.171 

0.(10.?.? 

I'M 

no 
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No. 

Name 

Diagnosis 

Total   N 

in 

100  c.c. 

urine 

gni. 

Colloid-N 

in   100  c.c. 

urine 

gm. 

Per    cent 
Colloid-N 

of 
Total    N 

Total    S 

in 
100   c.c. 

urine 
gm. 

Salomon- 
Saxl    neu- 
tral   S    in 
100   c.c. 
urine 
gm. 

Per   cent 

Neutral    S 

in 

Total   S 

23 

T.  A. 

Cancer  of  uterus 

0.9756 

0.0419 

4.3 

0.085 

0.0031 

3.7 

24 

M.  W. 

Gastric  cancer 

1.1071 

0.0636 

5.75 

0.087 

0.0035 

4.1 

25 

F.  C. 

Gastric  cancer 

1.1950 

0.0652 

4.62 

0.108 

0.0041 

3.8 

26 

A.   R. 

Cancer  of  breast 

1.2104 

0.0568 

4.7 

0.152 

0.0045 

2.9 

27 

S.  G. 

Gastric  cancer 

0.9260 

0.0361 

3.9 

0.095 

not  w'g'd 

less  than  1 

28 

T.  S. 

Cancer  of  liver 

0.5762 

0.0247 

4.3 

0.104 

0.0035 

3.4 

29 

T.  A. 

Cancer  of  uterus 

1.3550 

0.0469 

4.2 

0.087 

0.0032 

3.7 

30 

M.  W. 

Gastric  cancer 

0.8722 

0.0305 

3.5 

0.1055 

0.0025 

2.5 

31 

S.  G. 

Gastric  cancer 

0.9128 

0.0447 

4.9 

0.1243 

0.0045 

4.4 

32 

A.  R. 

Cancer  of  breast 

1.0424 

0.0458 

4.4 

0.1175 

0.0037 

3.2 

33 

A.  G. 

Cancer  of  rectum 

0.4728 

0.0212 

4.5 

0.1480 

0.0050 

3.4 

34 

C.J. 

Cancer  of  cervix 

1.1307 

0.0431 

4.7 

0.0875 

0.0030 

3.5 

35 

W.  J. 

Gastric  cancer 

0.9246 

0.0388 

4.2 

0.0986 

0.0036 

3.7 

36 

B.  M. 

Cancer  of  liver 

1.1108 

0.0377 

3.4 

0.097 

0.0031 

3.2 

37 

K.  B. 

Cancer  of  liver 

0.8229 

0.0427 

5.2 

0.1452 

0.0062 

4.3 

38 

E.  F. 

Cancer  of  stomach 

1.1055 

0.0608 

5.5 

0.1+45 

0.0059 

4.1 

39 

B.J. 

Cancer  of  pancreas 

1.1782 

0.0494 

4.2 

0.1378 

0.0060 

4.4 

40 

E.  M. 

Cancer  of  stomach 

1.1363 

0.0441 

3.8 

0.1025 

0.0043 

4.2 

41 

B.  M. 

Cancer  of  liver 

0.8912 

0.0427 

4.8 

0.1644 

0.0070 

4.0 

42 

C.J. 

Cancer  of  cervix 

0.7755 

0.0334 

4.3 

0.1552 

0.0067 

4.5 

43 

P.  B. 

Cancer  of  uterus 

0.5737 

0.0252 

4.4 

0.1275 

0.0049 

4.1 

44 

M.  G. 

Cancer  of  stomach 

0.9345 

0.0345 

3.7 

0.09865 

0.0035 

3.4 

45 

E.  F. 

Cancer  of  stomach 

0.8548 

0.0435 

5.1 

0.1143 

0.0038 

3.5 

46 

M.  W. 

Gastric  cancer 

0.9845 

0.0502 

5.1 

0.0975 

0.0026 

2.7 

47 

F.  O. 

Cancer  of  pelvis 

0.9642 

0.0424 

4.4 

0.0956 

0.0039 

4.2 

48 

M.  F. 

Cancer  of  cervix 

0.8750 

0.0411 

4.7 

0.1140 

0.0031 

2.9 

49 

C.J. 

Cancer  of  cervix 

0.(A37 

0.0270 

4.2 

0.1231 

0.0037 

3.1 

50 

R.  W. 

Cancer  of  rectum 

0.8821 

0.0379 

4.3 

0.1242 

0.0041 

3.4 

82 

L.  S. 

Lung   the. 

0.872 

0.0117 

1.35 

0.1409 

0.0047 

3.4 

83 

A.  H. 

Nephritis 

0.695 

0.0118 

1.75 

not  w'g'd 

less  than  1 

86 

C.  H. 

Myocarditis 

1.078 

0.0363 

3.4 

"       " 

'•       "     " 

89 

S.  E. 

Typhoid 

0.9465 

0.0118 

1.25 

"       " 

"       "     " 

92 

B.  R. 

Empyema 

0.8253 

0.0139 

1.75 

"       " 

"       "     " 

95 

H.  W. 

Endarteritis   obliter. 

0.7321 

0.0102 

1.4 

" 

"     " 

97 

M.   R. 

Endarteritis  obHter. 

1.0878 

0.0097 

0.9 

" 

"     " 

98 

J.  R. 

Sarcoma  of  leg 

1.046 

0.0468 

4.5 

« 

«           a        .< 

99 

C.  S. 

Leukemia 

1.0975 

0.0239 

2.2 

" 

"       " 

100 

Child 

HemophiHa 

0.784 

0.0109 

1.4 

0.1482 

0.0033 

2.4 

101 

C.   F. 

Pernicious  anemia 

1.095 

0.0130 

1.2 

0.1843 

0.0045 

2.5 

102 

R.  K. 

Atrophic   cirrhosis 

0.5965 

0.0106 

1.8 

0.1077 

0.0029 

2.8 

104 

A.  E. 

Pneumonia 

0.6546 

0.0111 

1.7 

not  w'g'd 

less  than  1 

105 

R.  E. 

Pneumonia 

1.0725 

0.0161 

1.5 

" 

'■     " 

108 

J.  M. 

Diabetes 

1.0953 

0.0466 

4.25 

" 

"     " 

109 

J.   A. 

Diabetes 

1.2075 

0.0465 

3.75 

u 

"     " 

110 

B.   S. 

Diabetes 

0.9642 

0.0501 

5.2 

" 

"       "     " 

113 

A.   K. 

SyphiHs 

0.7114 

0.0263 

3.7 

" 

"     " 

114 

H.  H. 

Syphilis 

0.7227 

0.0296 

4.1 

" 

"     " 

115 

S.  H. 

Syphilis 

0.5835 

0,0222 

3.8 

" 

"     " 

116 

M.  F. 

Gastric    ulcer 

0.6444 

0.0077 

1.2 

" 

"     " 

117 

M.  M. 

Gastric  ulcer 

0.9007 

0.0126 

1.4 

0.1586 

0.0036 

2.4 

118 

B.  W. 

Gastric  ulcer 

0.8767 

0.0075 

0.85 

0.1755 

0.0042 

2.5 

119 

C.   Z. 

Gastric  ulcer 

0.6114 

0.0109 

1.7 

not  w'g'd 

less  than  1 

124 

P.  B. 

Endoca'-ditis 

1.0755 

0.0258 

2.4 

" 

"     " 

127 

H.  F. 

Lung   tbc. 

1.2005 

0.0281 

1.4 

0.1722 

0.0063 

3.7 

128 

N.  K. 

Lung  Ibc. 

0.9234 

0.0139 

1.5 

0.1645 

0.0046 

2.9 

DIAGNOSIS    OF    CANCER  HI 

Since  1914  we  have  had  occasion  to  perform  these  tests  for  malignancy  in  a 
large  number  of  cases.  From  our  statistics  we  conclude  that  a  positive  result 
with  both  the  Salkowski-Kojo  and  Salomon-Saxl  Test  is  very  suspicious  of 
carcinoma. 
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THE  UTILIZATION  OF  DEXTROSE  IN  THE  ANLMAL  BODY* 


By  J.  J.  R.  MaclKod,  M.B.,  Clevei^and,  Ohio. 


THE  common  practice  for  determining  the  assimilation  limit  of  dextrose 
consists  in  giving  a  weighed  quantity  of  this  sugar  by  mouth  on  an  empty 
stomach  and  thereafter  testing  the  urine  at  intervals  for  its  presence.  When 
the  urine  is  allowed  to  collect  for  twenty-four  hours,  the  mixed  specimen  shows 
no  trace  of  dextrose  in  the  majority  of  healthy  individuals  after  a  dose  of  200 
gm. ;  after  300  gm.  a  somewhat  higher  percentage  of  cases  develop  a  mild 
glycosuria,  but  frequently  no  trace  becomes  evident  even  after  500  grams.  Be- 
yond the  last  mentioned  amounts,  the  limit  of  ingestion  is  reached,  on  account 
of  nausea,  etc.,  and  it  is  improbable  that,  even  if  larger  amounts  could  be 
tolerated,  any  more  of  the  dextrose  would  be  absorbed  than  with  300  or  400 
grams. ^  It  is  likely  that  glycosuria  would  have  been  detected  in  the  above  tests 
had  the  urine  been  examined  at  frequent  intervals  after  taking  the  dextrose 
instead  of  examining  a  mixed  specimen,  but  even  granting  this  to  be  the  case,  it 
is  clear  that  the  assimilation  limit  can  signify  practically  nothing  regarding  the  j 
ability  of  the  organism  to  metabolize  carbohydrate.  " 

These  observations  have  an  important  bearing  on  the  now  well-established 
practice  used  for  the  detection  of  incipient  (so-called  "latent")  cases  of  diabetes. 
Following  the  suggestions  of  the  von  Noorden  school,  it  is  usual  to  consider  that 
a  patient  is  to  be  thus  classified  if  dextrose  appears  in  the  urine  after  alimen-  I 
tary  ingestion  of  100  gm.  dextrose  on  an  empty  stomach.  In  the  light  of  the 
above  results  and  for  many  other  reasons,  there  is  considerable  doubt  as  to  the 
value  of  this  test.  Thus,  when  a  solution  of  dextrose  is  given  orally,  its  rate 
of  absorption  will  depend  very  largely  on  the  motility  of  the  stomach.  If  this 
be  normal,  the  solution  will  very  quickly  find  its  way  past  the  pyloric  sphincter 
into  the  intestine,  where  it  will  be  rapidly  absorbed.  If  on  the  other  hand  the 
pyloric  sphincter  should  not  open  freely,  the  passage  of  the  dextrose  into  the 
intestine  may  be  so  delayed  that  no  more  is  present  in  this  place  at  one  time 
than  would  be  the  case  after  an  ordinary  diet  of  polysaccharide.  And  even  after 
the  sugar  solution  enters  the  small  intestine  differences  in  the  amount  of  the 
intestinal  contents  with  which  it  becomes  mixed,  in  the  extent  of  bacterial 
growth,  and  in  the  absorption  process,  may  very  materially  affect  the  rate  at 
which  the  dextrose  gains  entry  to  the  blood. 

Recognition  of  these  facts  has  led  those  who  have  desired  to  determme  the 
assimilation  limit  in  laboratory  animals  to  administer  the  dextrose  intrave- 
nously. But  even  this  refinement  in  technic  has  not,  as  a  rule,  had  the  effect 
of  rendering  the  results  of  any  very  evident  value  as  a  criterion  of  the  utilization 
of  dextrose  in  the  animal  body.  The  reason  for  this  unreliability  of  the  method 
is  mainly  that  the  period  of  injection  of  the  dextrose  solution  usually  occupies 
only  a  few  minutes,  so  that  it  causes  a  sudden,  instead  of  a  very  gradual  increase 
in  the  sugar  concentration  of  the  blood,  the  conditions  being  quite  unlike  those 
which  exist  during  the  normal  absorption  of  dextrose  from  the  intestine.     The 

*From  the  Laboratory  of  Physiology,  Western  Reserve  Medical   School. 
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mechanism  by  which  the  body  ordinarily  disposes  of  excessive  amounts  of  dex- 
trose, absorbed  into  the  portal  blood,  is  not  adjusted  to  operate  when  the  sys- 
temic blood  is  suddenly  overcharged  with  this  substance.  In  the  one  case  the 
dextrose  is  a  foodstuff;  in  the  other,  because  of  its  excessive  concentration  in 
the  blood,  it  is  more  or  less  of  a  poison.  Such  results,  in  other  words,  merely 
show  us  how  much  dextrose  can  be  added  at  one  time  to  the  organism  without 
any  overflow  taking  place  into  the  urine,  but  they  furnish  us  with  no  information 
regarding  the  power  of  the  organism  to  utilize  a  constant  though  moderate 
excess  of  this  substance.  In  the  one  case  it  is  the  "saturation  limit."  in  the 
j other  the  "utilization  limit"  of  the  organism  for  dextrose,  that  we  are  really  con- 
isidering  (Blumenthal"). 

Consideration  of  these  principles  has  led  \\'oodyatt,  Sansum  and  Wilder^ 
to  undertake  a  thorough  reinvestigation  of  the  whole  problem  of  the  utilization 
or,  as  they  prefer  to  call  it,  the  tolerance  of  the  body  for  dextrose.  They  em- 
phasize the  obvious  fact  that  the  ability  of  the  organism  to  utilize  dextrose  "must 
depend  on  the  rate  at  which  the  tissues  are  able  to  abstract  it  from  the  blood  by 
their  combined  powers,  to  burn  it,  to  reduce  it  into  fat  or  to  polymerize  it  into 
glycogen."  To  form  any  estimate  of  the  combined  eft'ect  of  these  processes, 
we  must  take  into  account  not  only  the  amount  of  dextrose  per  unit  of  body 
weight  (grams  per  kilo.),  but  also  the  rate  of  injection,  for  "tolerance  must  be 
regarded  as  a  velocity,  not  as  a  weight."  \\'oodyatt  and  his  co-workers  have 
devised  a  very  satisfactory  apparatus  by  which  such  injections  can  be  made  at  a 
regular,  definite  rate  over  prolonged  periods  of  time.  We  have  used  this  appa- 
ratus extensively  in  this  laboratory,  and  can  vouch  for  its  perfect  reliability. 
It  is  being  used  now  in  clinical  practice  wherever  continuous  injection,  not  only 
of  dextrose  but  of  any  other  fluid  (e.g.,  of  bicarbonate  solutions  in  cases  of 
acidosis)    is   desired. 

Briefly  summarized,  the  ccmclusions  which  W'oodyatt,  etc.,  have  so  far 
drawn  from  their  investigations  are  as  follows :  In  a  normal  ral)l)it.  dog  or 
man,  0.8-0.9  gram,  of  glucose  per  kilo,  body  weight  and  per  hour  can  be 
utilized  by  the  organism  for  an  indefinite  time  without  causing  glvcosuria. 
When  between  0.8  and  2  grams  are  injected,  a  part  of  the  excess  a[)pears  in  the 
urine,  steadily  increasing  tmtil  a  maximum  is  reached,  after  which  the  excreted 
fraction  remains  constant  (at  about  one-tenth).  If  more  than  about  2  grams 
per  kg.  and  hr.  are  injected,  "a  large  percentage  of  all  glucose  in  excess  of  tlie 
2  grams  per  kg.  and  hr.  appears  in  the  urine,  once  constant  conditions  arc 
established." 

Being  thus  furnished  with  accurate  information  regarding  the  tolerance  of 
the  organism  for  dextrose,  the  question  naturally  presents  itself:  how  is  tlie 
dextrose  disjiosed  of?  As  indicated  above,  three  means  of  disposal  are  avail- 
able: conversion  into  glycogen,  oxidation  into  carbon  dioxide  and  water,  and 
reduction  into  fat.  It  is  commonly  assumed  that  the  operation  of  these  processes 
is  pretty  much  in  the  order  named;  th;it  is,  the  excess  of  dextrose  is  first  of  all 
dealt  with  by  con\ersion  of  llic  excess  into  glycogen,  which  process  is  soon 
followed,  if  not  accompanied  from  the  starl,  by  an  increased  combnslion  of 
dextrose  in  the  tissues  and  then,  if  there  still  be  an  rxcess  to  deal  wilh,  by  the 
reduction   of   some   of   the   carbohydrate    to    fat.      hiipi  irt.nit    in\i'sligations    have 
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recently  been  published  by  several  workers  (Murlin  and  Kramer,*  Verzar,^  etc.), 
regarding-  the  burning  of  the  excess  of  dextrose,  but  as  to  the  mechanism  in- 
volved in  its  polymerization  into  glycogen  or  its  reduction  to  fat,  little  is  as  yet 
known. 

From  the  point  of  view  of  diabetes,  it  is  obviously  important  that  we  should 
pay  particular  attention  to  the  glycogenic  mechanism,  for  it  is  the  first  line  of 
defense  against  the  invasion  of  the  tissues  by  an  excess  of  dextrose,  and  it  is 
presumably  only  after  this  barrier  is  broken  through  that  there  is  danger  of 
the  whole  defensive  system  of  the  body  against  such  an  excess  becoming  dis- 
organized. A  fundamental  question  regarding  this  first  line  of  defense  is  of 
course  concerned  with  its  disposition ;  in  what  parts  of  the  body  is  it  best  devel- 
oped? There  are  theoretically  two  methods  by  which  such  a  problem  could  be 
investigated :  first,  by  comparing  the  amount  of  glycogen  in  the  various  parts 
of  the  body  before  and  after  the  continuous  administration  of  dextrose,  and 
secondly,  by  comparing  the  percentage  of  dextrose  in  the  blood  flowing  into  and 
out  of  the  organs.  Of  these,  the  first  mentioned  method  has  been  extensively 
used  and  the  results  have  shown  that  by  far  the  largest  storage  of  glycogen, 
per  unit  of  tissue,  occurs  in  the  liver,  and  the  next  largest  in  the  muscles,  in 
which  however  the  distribution  is  by  no  means  uniform,  constantly  active 
muscles  such  as  the  heart  and  diaphragm,  being  especially  rich  in  glycogen.  As 
judged  then  from  the  concentration  of  glycogen  which  may  be  present,  the  liver 
would  appear  to  be  the  strongest  line  of  defense,  and  the  position  of  this  organ 
in  relationship  to  the  usual  path  of  invasion  of  dextrose  would  indicate  that  it 
is  also  the  most  advanced. 

If  instead  of  the  concentration,  we  consider  the  total  storage  capacity  (for 
glycogen)  of  the  liver  as  compared  with  that  of  all  the  muscles,  we  find  it  to 
be  at  least  potentially  greater  in  the  muscles  than  in  the  liver,  so  that  the  ques- 
tion naturally  presents  itself  as  to  the  circumstances  under  wdiich  this  muscle 
storage  will  be  called  into  operation.  It  can  only  be  the  dextrose  wdiich  escapes 
the  liver  and  gains  entry  to  the  systemic  blood  that  the  muscles  deal  with ; 
but,  to  what  extent  does  this  occur?  Is  the  glycogenic  mechanism  of  the  liver 
so  efficient  that  it  holds  back  most  of  the  absorbed  dextrose  until  the  hepatic 
cells  become  overloaded  with  glycogen,  or  does  the  liver  only  hold  back  some  of 
the  excess  of  dextrose  in  the  portal  blood  and  allow  the  rest  to  pass  on?  As 
judged  from  the  results  which  have  been  published  in  recent  years  bearing  on 
the  behavior  of  the  percentage  of  dextrose  in  the  blood  of  the  systemic  circula- 
tion during  the  alimentary  ingestion  of  dextrose  (Boe,^  etc.),  it  would  appear 
that  much  of  the  dextrose  passes  through  the  liver,  thus  causing  a  post-prandial 
hyperglycemia  and  indicating  that  the  liver  barrier  is  much  less  efficient  than 
had  previously  been  thought  to  be  the  case. 

****** 

To  throw  further  light  on  the  problem,  we  have  been  engaged  for  some 
time  in  an  investigation  of  the  comparative  dextrose-storing  abilities  of  the  liver 
and  muscles  as  judged  by  the  second  of  the  possible  methods  indicated  above, 
namely,  by  a  comparison  of  the  dextrose  concentration  in  the  inflowing  and 
outflowing  blood  of  the  liver  and  muscles.  Theoretically,  such  a  plan  of  inves- 
tigation would  seem  to  be  ideal  in  furnishing  us  with  the  information  we  desire. 
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but  in  practice  the  interpretation  of  the  results  is  considerably  obscured  on 
account  of  the  enormous  volumes  of  blood  which  pass  through  these  organs, 
'thus  making  it  possible  that  considerable  quantities  of  dextrose  might  be  re- 
1  moved  from  or  added  to  them  without  any  very  definite  change  occurring  in 
,the  percentage  of  dextrose  in  the  blood.  Thus,  in  a  dog  of  average  size,  6  kg., 
j about  400  c.c.  of  blood  traverses  the  liver  in  one  minute.  If  the  percentage 
of  dextrose  should  fall  from  0.200  in  the  blood  of  the  portal  vein  to  0.175  in 
that  of  the  hepatic  veins,  it  would  mean  that  in  one  minute  0.1  gm.  of  dextrose 
[had  been  retained,  or  6  gm.  an  hour,  or  1  gm.  per  kg.  per  hr.  That  is  to  say, 
with  the  amount  of  dextrose  just  over  the  tolerance  limit  of  0.8  gm.  per  kg, 
and  hr.,  and  assuming  that  all  of  the  absorbed  dextrose  was  retained  by  the 
liver,  there  would  be  a  difference  between  the  percentages  of  dextrose  in  the 
portal  and  hepatic  vein  bloods  of  only  0.025,  which,  although  well  beyond  the 
experimental  error  of  the  methods  now  commonly  used  for  sugar  estimation  in 
blood,  is  nevertheless  far  from  striking. 

I  The  experiments  were  performed  on  etherized  dogs  that  had  been  fed  for 

some  days  previously  on  a  mixed  diet  of  bread  and  flesh.  The  liver  and  muscles 
would  therefore  contain  a  moderate  amount  of  gycogen.  By  a  technic,  tlie 
1  details  of  which  are  described  elsewhere,  cannulse  were  then  placed  in  the 
branches  of  the  portal  vein,  inferior  vena  cava,  and  iliac  vein ;  and  through  these 
cannulse  small  measured  quantities  of  blood  (2  c.c.)  were  removed  at  frec[uent 
intervals,  and  the  sugar  percentage  determined  by  Pearce's  modification  of  the 
Lewis-Benedict  method'.  Another  cannula  was  inserted  into  one  of  the  smaller 
branches  of  the  mesenteric  vein,  through  which  the  solution  of  dextrose  was 
injected.  To  maintain  the  injection  at  a  constant  rate,  the  cannula  was  connected 
either  with  a  constant  pressure  perfusion  flask  or  with  the  A\'oo(lyatt  apparatus. 

In  order  to  allow  as  much  as  possible  for  the  slight  dift'erenccs  in  blood- 
sugar  concentration  which  are  to  be  expected,  even  with  active  glycogen  forma- 
tion, the  blood  samples  were  removed  at  frequent  intervals  (3-10  minutes),  and 
curves  plotted,  with  the  percentage  of  dextrose  along  the  ordinates  and  lime 
intervals  along  the  abscissa.  If  the  curves  thus  drawn  for  the  portal  vein  and 
vena  cava  should  coincide,  it  would  indicate  that  no  detectable  glycogen  forma- 
tion had  occurred  in  the  liver;  and  similarly,  if  the  same  were  the  case  for 
those  of  cava  and  iliac  vein,  that  the  muscles  of  the  corresponding  hind  limb 
had  retained  none  of  the  dextrose.  Want  of  correspondence  of  the  curves  need 
not  however  mean  that  sugar  retention  or  lilieration  has  occurred,  for  the  same 
results  would  be  obtained  when  water  was  added  to  or  removed  from  the  blood. 
To  control  this  source  of  confusion  in  the  interpretation  of  the  results,  enumera- 
tion of  the  corpuscles  or  estimation  of  llie  hemoglobin  should  have  l)eon  made. 
The  already  existing  complexity  of  the  experiments,  however,  made  it  impos- 
sible for  us  to  do  this. 

The  results  will  be  ])ublislK'<l  in  detail  elsewhere,  bul  a  few  of  (he  most 
important  conclusions  which  may  be  drawn  from  thiin  will  be  indicated  in  a 
preliminary  way  here.  W  hen  the  dextrose  is  injected  in  amounts  that  are  below 
the  tolerance  limit  of  the  animals  (0.8  gm.  per  kg.  and  hr. ).  a  more  or  less  rapid 
increase  occurs  in  the  blood-sugar  until  a  certain  level  is  attained,  after  which 
the  percentage  remains  constant.     The  time  re(|uired   for  this  level,  or  plateau. 
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to  be  reached  is  definitely  shorter  with  small  than  with  large  injections;  thus, 
the  level  was  reached  in  about  2h  minutes  with  0.4  gm.  dextrose  per  kg.  and  hr.. 
and  35  minutes  with  0.7  gm.  These  facts  indicate  that  the  sugar-retaining 
powers  of  the  organism  very  quickly  adjust  themselves  to  the  increased  work 
thrown  on  them  by  the  addition  of  dextrose  to  the  blood.  Utilization  soon  be- 
comes so  adapted  that  the  dextrose  is  removed  from  the  blood  as  quickly  as  it 
is  being  added,  so  that  after  the  plateau  has  been  gained,  the  rate  of  disposal  of 
dextrose  by  the  organism  may  be  determined  by  the  rate  at  which  the  injection 
is  being  made.  This  gives  us  a  valuable  test  object  on  which  to  investigate 
the  influence  of  various  conditions  (such  as  injections  of  acids  and  alkalies, 
drugs,  stimulation  of  nerves,  etc.)  on  sugar  utilization.  We  shall  return  im- 
mediately to  some  results  of  this  nature,  but  meanwhile  it  is  important  to  note 
that  comparisons  of  the  sugar  percentage  in  the  blood  of  the  above  mentioned 
veins  did  not  show  any  constant  difl^erences  to  exist,  so  that  we  cannot  conclude 
from  them  whether  the  liver  or  the  muscles  contributes  the  more  to  the  removal 
of  the  excess  of  dextrose,  when  this  excess  is  of  small  magnitude. 

These  results  prompted  us  to  repeat  the  investigations  using  injections  of 
dextrose  that  were  decidedly  above  the  utilization  limit.  Under  such  conditions 
it  was  thought  that  the  ability  of  the  liver  and  muscles  to  form  glycogen  would 
become  stimulated  to  such  a  degree  that  differences  in  the  concentration  of 
sugar  in  the  inflowing  and  outflowing  blood  would  become  apparent.  Three 
such  experiments,  each  occupying  several  hours,  were  performed,  the  rate  of 
injection  being  respectively  2.4  gm.,  3.0  gm.  and  3.5  gm.  dextrose  per  kg.  and 
hour.  In  all  three  cases  the  blood-sugar  curves  rose  steadily  throughout  the 
injection  periods,  there  being  no  tendency,  as  in  the  previous  experiments  to 
the  establishment  of  a  plateau.  In  the  experiments  in  which  2.4  and  3.5  gm. 
dextrose  were  injected,  the  blood-sugar  curve  was  decidedly  highest  in  the  por- 
tal vein,  next  in  the  vena  cava,  and  lowest  in  the  iliac  vein,  the  differences 
between  them  being  about  equal,  thus  indicating,  as  far  as  can  be  judged  from 
such  results,  that  the  sugar-retaining  powers  of  the  liver  and  combined  muscles 
of  the  hind  limb  are  equal.  In  the  experiment  in  which  3.0  gm.  dextrose  was 
injected,  however,  the  curve  for  the  blood  of  the  iliac  vein  stood  constantly  at 
a  higher  level  than  that  of  the  vena  cava,  which  on  the  other  hand  was  distinctly 
lower  than  that  of  the  portal  vein.  On  superficial  examination  such  a  result 
would  seem  to  indicate  that,  instead  of  retaining  some  of  the  dextrose,  the 
muscles  had  actually  been  contributing  dextrose  to  the  blood,  a  conclusion  which 
it  is  unlikely  can  be  correct.  A  much  more  probable  cause  for  the  anomalous 
result  is  that  the  blood  had  lost  water  during  its  passage  through  the  muscles, 
and  this  loss  of  water  was  probably  to  be  accounted  for  by  the  fact  that  consider- 
able quantities  of  hydrochloric  acid  were  injected  at  frequent  periods  along  with 
the  dextrose.  Unfortunately  in  this  experiment  neither  the  H-ion  concentration 
of  the  blood  nor  the  number  of  corpuscles  in  it  was  determined,  so  that  we  can- 
not be  certain  that  our  explanation  of  the  results  is  correct. 

These  observations  on  the  effect  of  large  injections  of  dextrose  are  of 
especial  interest,  because  it  has  been  by  such  experiments  that  several  investi- 
gators have  sought  to  throw  light  on  the  problem  of  the  disposal  of  dextrose  in 
the  animal  body.     The  most  recent  work  of  this  nature  is  that  of  Kleiner,^  who 
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3und  that  after  the  injection  of  large  amounts  of  dextrose  (4  gm.  per  kg.  body 
'eight)  intravenously,  the  blood-sugar  suddenly  became  enormously  increased 
nd  then  immediately  began  to  fall,  reaching  the  normal  again  in  about  90 
linutes.  It  was  found  that  although  some  of  this  excess  is  drained  away  in 
le  urine,  the  amount  must  be  small,  since  as  rapid  a  disappearance  of  the 
xcess  of  sugar  occurred  in  dogs  from  which  the  kidneys  had  been  removed 
s  in  norm.al  animals.  In  another  series  of  animals,  the  aorta  and  vena  cava 
-ere  tied  just  above  the  diaphragm,  so  as  to  exclude  the  liver  from  th.e  cir- 
ulation,  and  it  was  found  that  the  injected  sugar  disappeared  just  as  quickly 
s  in  intact  animals.  From  this  result  Kleiner  concludes  that  conversion  by 
le  liver  of  some  of  the  excess  of  sugar  into  glycogen  cannot  be  an  impor- 
mt  factor  in  the  disappearance,  but  that  absorption  by  the  muscles  must  be 
lainly  responsible.  By  examination  of  the  amount  of  sugar  in  the  muscles, 
great  increase  was  found,  some  of  the  absorbed  dextrose  being  present  in 
polymerized  state.  There  is,  however,  one  serious  objection  to  all  experi- 
lents  of  this  nature,  namely,  that  by  the  sudden  addition  of  excessively  large 
mounts  of  dextrose  to  the  blood  at  one  time,  conditions  become  estab- 
shed  which  can  never  obtain  in  even  the  severest  types  of  experimental 
iabetes.  Not  only  will  the  osmotic  relationships  between  the  blood  and  tissue 
uids  be  entirely  upset,  but  toxic  influences  dependent  either  directly  on  the 
xcess  of  dextrose  itself,  or  indirectly  on  the  appearance  of  decompo'sition  prod- 
cts  (e.g.,  lactic  acid)  produced  from  it.  will  come  into  play,  and  almost  cer- 
linly  throw  out  of  working  order  those  mechanisms  which  under  ordinarv  cir- 
nmstances  would  take  care  of  any  physiological  excess  of  dextrose  in  the 
[ood. 

The  main  difiference  between  our  own  and  Kleiner's  results  is  that  we  have 
Dund  the  liver  to  be  capable  of  removing  some  of  the  excess  of  dextrose, 
hereas  Kleiner  did  not.  It  might  be  raised  as  an  objection  to  our  results  that 
le  lower  percentage  of  dextrose  in  the  blood  of  the  vena  cava  over  that  in  the 
Drtal  vein  was  merely  due  to  the  dilution  which  the  blood,  flowing  into  the  cava 
•om  the  liver,  suffered  on  mixing  with  the  blood  meanwhile  ascending  from  the 
g  veins  and  to  its  dilution  by  the  blood  of  the  hepatic  arten,-.  Although  we  are 
repared  to  admit  that  such  dilution  may  account  for  part  of  the  decrease,  wc 
;el  confident  that  it  is  an  unimportant  factor  because:  (1)  the  veins  of  one 
idney  and  one  hind  leg  were  ligated,  and  (2)  in  one  of  the  three  experiments 
f  this  group  there  was  a  higher  percentage  of  sugar  in  the  muscle-blood  than 
I  that  of  the  vena  cava  opposite  the  liver. 

*         :!;         *         :t;         *         * 

As  has  been  indicated  above,  one  object  of  the  abcne  observations  was 
)  secure  suitable  experimental  conditions  u])on  which  to  investigate  the  influ- 
ice  of  various  factors  on  the  assimilation  of  dextrose.  ( )f  these  we  have  so  far 
ivestigated  the  influence  of  alterations  in  the   reaction  of  the  blood. 

Before  proceeding  to  indicate  the  general  nature  of  the  results,  it  may  lu' 
ell  to  point  out  that  there  has  Ix'en  an  accumulating  mass  of  e\  idence  during 
xent  years  tending  to  show  that  the  behaviour  of  carbohydrate  in  the  animal 
Ddy  is  decidedly  influenced  by  the  reaction  of  tln'  tissue  fluids.  Thus,  in 
y^spnea,  where  the  H-ion  concentration  of  the  blood  becomes  increased,  hyper- 
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glycemia  and  glycosuria  are  commonly  observed,  and  after  the  administration 
of  acids  bv  stomach  the  assimilation  limit  of  dextrose  becomes  much  depressed. 
Hyperglycemia  is  also  more  readily  established  when  acid  and  dextrose  are  in- 
gested than  when  a  corresponding  quantity  of  dextrose  is  given  alone,  and  glyco- 
gen accumulates  in  the  liver  to  a  much  less  degree  (EHas^).  On  the  other  hand, 
when  alkalies  are  administered  intravenously  to  normal  rabbits,  a  decrease  fre- 
(juently  occurs  in  the  percentage  of  blood-sugar  (Underbill"),  and  when  given 
to  dogs  rendered  diabetic  by  extirpation  of  the  pancreas,  the  glycosuria  almost, 
if  not  entirely,  disappears  (Murlin  and  Kramer'*).  Furthermore,  adrenin  does 
not  cause  so  marked  a  degree  of  hyperglycemia  when  it  is  administered  to  rab- 
bits following  the  injection  of  sodium  carbonate  as  it  does  in'  normal  animals 
(Underbill). 

In  view  of  these  results  the  question  arises :  upon  what  sugar-disposing 
function  of  the  body  does  the  acid  or  alkali  exert  an  influence?  Two  possi- 
bilities are  to  be  thought  of:  it  acts  either  (1)  on  the  storage  (polymerization) 
of  sugar  as  glycogen  in  the  liver  and  muscles,  or  (2)  on  the  oxidation  of  sugar 
in  the  tissues.  To  throw  light  on  this  problem  Murlin  and  Kramer  examined 
the  respiratory  quotient,  CO-  ,  of  normal  and  diabetic   dogs  under  the  admin- 

o- 

istration  of  sodium  carbonate  and  dextrose.  An  increase  in  the  quotient 
(towards  1.0)  indicates  increased  combustion  of  dextrose,  and  although  such 
was  not  found  to  occur  when  alkali  was  given  to  a  normal  animal,  it  did  occur 
when  alkali  was  given  intravenously  along  with  dextrose  to  one  that  was  diabetic. 
The  conclusion  drawn  from  these  results  is  that  the  alkali  stimulates  the  oxida- 
tion of  dextrose  in  the  tissues,  a  process  which,  however,  might  be  taking  place  at 
the  same  time  as  one  of  a  greater  storage  of  other  molecules  of  dextrose  as  glyco- 
gen. Kramer  and  Marker^ ^  have  however  recently  contributed  evidence  which 
would  seem  to  indicate  that  such  increased  glycogen  formation  does  not  occur 
under  the  above  conditions.  These  authors  found  that  glycogen  did  not  appear 
in  the  liver  following  the  administration  of  the  alkali,  nor  by  giving  adrenin  to 
a  depancreated  dog  that  had  been  retaining  dextrose  while  on  a  meat  diet,  were 
they  able  to  cause  an  increased  excretion  of  dextrose  in  the  urine. 

These  very  significant  observations  concerning  the  beneficial  influence  of 
alkali  administration  on  that  form  of  experimental  diabetes  which  most  closely 
simulates  the  more  acute  varieties  of  the  disease  in  man  prompted  us  to  investigate, 
by  the  methods  above  described,  whether  or  not  sugar-storage  by  liver  and 
muscles  could  be  stimulated  by  injections  of  alkali  (sufficient  to  perceptibly 
lower  the  H-ion  concentration  of  the  blood),  and  whether  acids  would  have  the 
opposite  influence. 

Details  of  our  results  will  be  published  elsewhere,  and  we  will  accordingly 
only  briefly  ofifer  a  preliminary  notice  of  some  of  them  here.  In  the  first  place, 
it  was  noted  that  when  neutral  dextrose  solutions  are  injected  intravenously, 
there  is  a  distinct  tendency  for  the  H-ion  concentration  of  the  blood — as  meas- 
ured by  the  colorimetric  method — to  become  increased.  This  is  possibly  due 
to  the  production  of  decomposition  products  of  the  dextrose  (lactic  acid)  ;  at 
least  we  have  been  able  to  show  that  the  blood  of  such  injected  animals  contains 
about  twice  as  high  a  percentage  of  lactic  acid  as  that  of  normal  animals.     Even 
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«vhen,  along  with  the  dextrose,  moderate  quantities  of  sodium  carbonate  are 
ilso  injected,  there  may  be  distinct  (colorimetric)  evidence  of  increasing  blood 
icidity,  so  that  to  really  produce  an  alkalosis,  when  dextrose  is  being  injected, 
/ery  large  injections  of  alkali  are  necessary.  When  enough  alkali  was  injected 
;o  distinctly  depress  the  H-ion  concentration  of  the  blood,  it  was  usually  found 
:hat  the  liver  more  actively  removed  sugar  from  the  blood  flowing  through  it 
ban  ordinarily.  By  injecting  a  sufficient  amount  of  alkali  into  dogs  whose  blood 
dready  contained  an  excessive  concentration  of  dextrose,  as  a  result  of  previous 
■ceding  with  excess  of  carbohydrate  and  operative  manipulation,  a  distinct  low- 
ering of  the  blood-sugar  concentration  became  evident,  but  it  could  not  be 
ihown,  by  comparison  of  the  curves  representing  this  in  the  portal  vein,  vena 
:ava  and  iliac  veins,  whether  the  liver  or  muscles  were  mainly  responsible  for 
he  disappearance. 
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PITUITARY  STANDARDIZATION* 


By  H.  C.  HAMII.TON  AND  L.  ^^^  Rowe,  Detroit,  Mich. 


THE  value  of  pituitary  extract  (posterior  lobe")  as  an  effective  therapeutic  agent 
for  controlling  blood  pressure  and  for  stimulating  uterine  contractions  in  the 
second  stage  of  labor  is  universally  recognized.  Because  of  these  important 
uses  it  is  necessary  that  the  extract  be  standardized  as  accurately  as  possible. 

The  crude  materials  from  which  valuable  substances  are  obtained  are  unfor- 
tunately very  Aariable.  This,  however,  is  of  slight  importance  compared  to  the 
effect  that  the  various  chemical  and  pharm,aceutical  manipulations,  incident  to 
the  preparation  of  these  substances,  have  on  their  activity.  The  adoption  of  a 
high  standard  of  activity  and  rigid  adherence  to  the  same  is  imperative  for  a 
product  of  such  great  physiologic  importance  as  that  of  pituitary  extract.  In  the 
case  of  this  extract,  as  is  also  true  of  extracts  of  some  other  glands  and  crude 
drugs,  the  chemical  constituent  to  wdiich  it  owes  its  therapeutic  value  has  not  been 
isolated. 

In  such  cases  advantage  is  taken  of  the  fact  that  active  medicinal  substances 
when  administered  to  animals  have  characteristic  physiologic  effects  which  are 
more  or  less  typical  and  which  can  be  used  as  assay  reactions.  This  procedure 
is  similar  to  the  use  of  chemical  reactions  on  which  to  base  chemical  assay 
processes.  Biologic  standardization  is  now  generally  recognized  as  an  indispens- 
able adjunct  to  the  commercial  valuation  and  to  the  scientific  investigation  of 
certain   substances   of   great   importance   in   medicine. 

\\'hen  several  physiologic  effects  are  more  or  less  characteristic  of  the 
substance  in  question,  differences  of  opinion  naturally  prevail  as  to  which  is 
best  adapted  to  an  accurate  quantitative  assay  process. 

It  is  the  intention  of  the  authors  to  describe  the  two  methods  that  have  been 
proposed  a'.id  used  for  the  assay  of  the  various  substances  and  extracts  derived 
from  the  pituitary  gland,  and  to  point  out  the  advantages  and  disadvantages  of 
each  as  these  have  developed  under  practical  working  conditions. 

The  two  methods  referred  to  above  are  those  known  as  the  blood  pressure 
and  the  oxytocic  tests. 

In  a  former  communication^  some  of  the  physiologic  effects  following  the 
administration  of  extracts  of  the  pituitary  body  were  reviewed  and  discussed 
as  to  their  adaptibility  to  the  purpose  of  standardization. 

Of  the  various  characteristic  effects,  that  on  the  circulatory  system  was 
considered  most  constant  and  subject  to  the  least  variation  due  to  causes  other 
than  differences  in  the  amount  administered.  This  effect  was,  therefore,  adopted 
as  an  assay  reaction  to  determine  the  activity  of  solutions  prepared  directly  or 
indirectly  from  the  infundibulum  of  the  pituitary  gland. 

THE    BLOOD    PRESSURE    METHOD. 

The  method  of  assay  in  brief  is  as  follows :  A  dog  weighing  approximately 
10  kilos  is  anesthetized,  preferably  with  chloretone,  and  is  prepared  for  test  pur- 
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poses  by  inserting  a  cannula  into  a  femoral  or  other  convenient  vein  for  inject- 
ing the  solution,  and  another  cannula  into  one  of  the  carotid  arteries.  By 
means  of  a  flexible  connection  the  artery  is  joined  to  a  manometer  attached  to 
a  kymograph,  to  obtain  a  record  of  the  normal  heart  action  and  blood  pressure 
for  comparison  with  that  following  an  injection  of  the  active  extract.  The  stand- 
ard originally'  used  for  comparison  in  making  such  assays  was  the  activity  ob- 
tainable from  the  dried,  defatted,  powdered,  infundibular  portion  of  the  bovine 
glands.  Gland  material  so  prepared  seems  to  retain  its  activity  indefinitely  and 
to  permit  of  quick  and  complete  extraction  by  simple  infusion.  Later,  however. 
the  possible  objections  to  this  have  been  obviated  by  the  use  of  a  stable  and 
highly  active  water-soluble  powder  prepared  by  Aldrich.-  This  was  carefully 
assayed  and  its  activity  compared  with  that  of  the  former  standard.  The 
Standard  Test  Solution  is  prepared  from  this,  using  a  sufficient  quantity  of  the 
powder  to  make  a  solution  containing  in   1   c.c.  the  highest  activity   found  in 

1  mg.  of  the  dried  gland  material  referred  to  above. 

The  technic  of  the  test  is  to  inject  the  standard  test  dose — 1  c.c.  of  the 
Standard  Test  Solution — into  the  vein,  note  the  rise  in  blood  pressure,  and 
after  15  minutes  repeat  the  injection.  It  is  some  times  necessary  to  repeat  this 
injection  two  or  three  times  before  one  obtains  an  equal  change  in  blood  pressure 
from  two  consecutive  injections  of  the  test  dose. 

The  standard  and  sample  are  then  injected  alternately  with  intervals  not 
less  than  15  minutes,  varying  the  amount  of  the  sample,  if  necessary,  until  the 
rise  in  blood  pressure  is  the  same  from  definite  quantities  of  each.  The  activity 
of  the  sample  can  be  deduced  from  the  amounts  used  and  is  stated  in  terms  of 
the  Standard. 

The  following-  points  must  be  carefully  observed  as  a  means  of  making 
this  an  accurate  quantitative  method  for  the  valuation  of  pituitary  .extracts : 

1st.  The  dog  must  be  healthy  and  should  maintain  a  good  normal  blood 
pressure. 

2nd.     It  must  be  completely  anesthetized  until  all  reflexes  arc  destroyed. 

3rd.  It  must  be  sensitive  to  changes  of  10  per  cent  in  the  amount  ot  pituitary 
extract  injected.  For  example,  if  doses  of  0.9,  1  and  1.1  c.c.  of  the  test  solution 
induce  the  same  amount  of  change  in  bloc^d  pressure  with  no  measurable  dif- 
ferences between  them,  that  dog  is  not  in  a  condition  satisfactory  for  stand- 
ardization work. 

4th.     It  nuist  be  sufficiently  sensiti\c  lo  pituitary  exlraci  so  that  1  or  at  most 

2  c.c.  of  the  Test  Solution  (q.v.)  raises  the  i)ressure  at  least  1  cm. 

5th.  Two  consecutive  injections  should  have  at  least  15  minutes  interval 
between  them. 

The  method  just  described  wa>  adopted  tentatively  until  a  more  logical  or 
accurate  one  could   be   developed. 

THIv   ISOI,  \Ti;i)   rTKlvt'S  TKST. 

The  increasing  use  of  ])ituitary  extract  in  obstetric  work,  suggested  a  much 
more  logical  method  of  assay  than  the  one  di'seribed,  namely,  a  te^t  based  on 
the  action  of  jiituitary  extracts  on  the  uterus  muscle.  Such  a  method  w;is  used 
and  first  described  bv  Dale  and  i.aidlaw'  and  afterwards  by  \arious  investigators. 
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notably  Fiihner'  and  Guggenheim.'^  The  experimental  work  has  been  exhaus- 
tively summarized  by  Roth*^  who  assayed  eleven  commercial  samples  and  reported 
his  results. 

The  great  diilerences  in  activities  of  the  samples  examined  led  him  to  the 
conclusion  that  "the  statement  'physiologically  standardized'  means  practically 
nothing."  Roth,  however,  apparently  overlooked  the  fact  brought  out  by  his 
own  tests  that  in  every  case  the  two  samples  from  the  same  manufacturer  had 
the  same  activity,  indicating  that  each  laboratory  although  having  a  different  stand- 
ard had  adhered  to  it. 

The  fault,  if  any  existed,  was  hot  in  the  lack  of  a  standard  nor  in  a  failure 
to  apply  standardization  tests,  but  in  the  failure  of  the  manufacturers  to  co- 
operate in  choosing-  a  single  standard. 

Roth,  in  a  previous  article'^  proposed  the  use  of  /3-iminazo!yiethylamine, 
commonly  called  histamine,  as  a  standard  for  measuring  the  activity  of  pituitary 
extracts.  His  proposal  now  reappears  as  the  official  standard  for  a  U.  S.  P.  solu- 
tion of  hypophysis  extract  and  is  compulsory  to  the  extent  that  extracts  standard- 
ized in  any  other  way  do  not  meet  official  requirements.  A\'hile  a  very  dilute 
solution  is  required  for  standardization  purposes,  the  present  almost  prohibitive 
price  of  histamine,  due  to  the  fact  that  the  supply  in  this  country  is  very  limited, 
tends  to  preclude  its  use  as  a  standard. 

Such  a  standard  is  also  open  to  question  from  two  viewpoints.  Are  different 
lots  of  histamine  equal  in  their  action  on  the  uterus?  Is  a  substance  which  has 
no  practicable  value  in  obstetrics,®  when  used  alone,  a  true  standard  for  determin- 
ing the  activity  of  a  powerful  oxytocic  agent  such  as  pituitary  extract,  and  is  it  a 
proper  standard  when  the  action  in  question  is  as  a  pressor  agent?  If  the  value 
of  pituitary  extract  were  only  as  an  oxytocic  agent  or  if  only  that  portion 
applied  to  obstetrical  purposes  were  to  come  under  the  U.  S.  P.  ruling  then  some 
of  the  objections  to  the  method  and  the  standard  would  be  removed.  Under 
present  conditions,  however,  a  more  commendable  standard  would  be  a  substance 
prepared  from  the  gland  and  having  the  same  qualitative  action  as  fresh  glandular 
extracts. 

While  the  details  of  the  technic  and  equipment  for  this  test  vary  in  different 
laboratories,  the  essentials  are  briefly  as  follows :  One  horn  of  the  excised  uterus 
of  a  young  virgin  guinea  pig  is  used,  it  being  suspended  between  a  fixed  point, 
and  the  end  of  a  movable  lever.  It  is  bathed  in  Locke's  solution  which  is  kept 
at  a  uniform  temperature  of  38°  C  and  constantly  aerated  with  air  or  oxygen. 

The  solutions  to  be  tested  are  mixed  with  the  Locke's  solution  in  which  the 
muscle  is  suspended  and  only  the  small  part  in  contact  with  the  strip  of  uterus 
is  responsible  for  the  effect  produced.  The  exquisite  sensitiveness  of  this  muscle 
to  the  action  of  stimuli  such  as  an  active  pituitary  extract,  is  shown  by  the  fact 
that  some  specimens  are  sensitive  and  respond  to  the  stimulus  of  the  infinitesimal 
amount  which  comes  in  contact  with  them  from  a  solution  containing^  only  1 
part  in  100.000,000.  This  shows  too  the  exceedingly  powerful  character  of  the 
active  principle  of  the  gland,  for  although  the  substance  referred  to  above  was 
highly  purified,  it  did  not  possess  the  physical  characteristics  of,  and  probably  was 
not  a  pure  principle. 

Without  entering  into  a  detailed  description  of  the  method  by  the  authors, 
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which  is  outlined  above,   some  points  will  be  especially  considered  because   so 
much  depends  on  the  carefulness  with  which  they  are  followed. 

The  Test  Animals. — While  differences  of  opinion  exist  as  to  the  one  best 
adapted,  most  investigators  have  agreed  on  the  young  virgin  guinea  pig  weighing 
250  to  350  gms.  and  rejecting  those  in  the  oestral  stage. 

The  Organ. — One  horn  of  the  titerus  using  a  strip  1  to  2  cm.  long.  It  should 
be  normally  slender  and  not  congested.  Congested,  thickened  uteri,  while  often 
very  sensitive,  are  too  irritable  for  standardization  tests. 

The  Apparatus. — This  includes  the  kymograph,  a  writing  lever,  a  constant 
temperature  bath  accurately  adjusted  to  hold  a  temperature  of  38°  C,  an  inner 
container  for  Locke's  solution  in  which  the  uterus  muscle  is  suspended,  and  facili- 
ties for  preheating  the  Locke's  solution  to  the  same  temperature  as  that  of  the 
bath,  and  for  its  aeration   (see  Fig.  1). 

The  heating  of  the  constant  temperature  bath  can  be  done  accurately  and 
conveniently  by  the  method  described  by  Dale  and  Laidlaw,  a  gas  flame  striking" 
a  copper  rod  which  passes  into  and  around  the  outer  vessel.  The  apparatus  in 
use  at  present  and  which  has  proved  very  satisfactory  for  maintaining  a  uni- 
form temperature  consists  of  a  rectangular  vessel  of  8  liters  capacity  which  is 
heated  from  below  by  an  electric  heating  coil  enclosed  in  a  soapstone  box.  The 
amount  of  current  is  regulated  by  a  rheostat  and  when  once  adjusted  will  main- 
tain the  temperature  of  the  water  bath  at  38°  C  provided  the  room  temperature 
remains  fairly  constant.  The  large  outer  vessel  has  a  soapstone  bottom  covered 
inside  with  copper  while  two  sides  are  made  of  double  walled  glass  with  an  air 
space  between.  The  apparatus  is  well  adapted  to  the  purpose  intended  and  is 
very  simple  in  construction  and  operation. 

The  preheating  of  Locke's  solution  is  most  conveniently  done  by  keeping  a 
supply  in  another  container  in  the  outer  bath  in  which  it  attains  and  holds  the 
same  temperature  as  that  in  contact  with  the  muscle.  (Note  bottle  to  right 
in  large  vessel.) 

The  aeration  of  the  muscle  is  best  secured  by  the  method  suggested  by 
Dale  and  Laidlaw,  conveying  a  current  of  air  or  oxygen  through  the  tube  (leading 
to  top  of  inner  container)  which  forms  the  lower  support  of  the  muscle,  the 
upper  end  of  the  muscle  being  attached  by  thread  or  otherwise  to  the  writing 
lever. 

The  writing  lever  should  be  light,  such  as  a  straw  or  an  aluminum  wire, 
should  move  almost  without  friction,  and  magnify  the  contractions  3  to  5  times. 

Not  of  least  importance  is  the  Locke's  solution  which  should  be  made  of 
the  best  quality  "reagent"  chemicals. 

The  Technic— This  includes  weighting  the  muscle  to  counteract  the  exces- 
sive contractions  of  an  irritable  uterus;  injecting  into  the  Locke's  solution  quan- 
tities of  sample  and  standard  which  will  induce  equal  contraction  of  the  uterus 
less  than  the  maximum  for  the  specimen ;  maintaining  in  the  meantime  a  constant 
temperature,  removing  spent  pituitary  solution;  washing  the  specimen,  and  re- 
peating injections  not  too  often  to  destroy  its  tonicity.  Injections  can  best  be 
made  by  means  of  a  hypodermic  syringe  which  forces  the  dose  into  the  solution 
and  tends  ^o  mix  and  make  the  solution  homogeneous  almost  immediately.  This 
is   aided  by   the   continuous   bubbling  of   air  through   the   solution.     When   the 
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maximum  contraction  for  any  dose  has  been  reached  and  no  further  rise  of  the 
writing  lever  takes  place,  the  spent  solution  is  withdrawn  through  a  valve 
at  the  bottom  of  the  inner  container  passing  through  the  bottom  of  the 
outer  bath.  The  specimen  is  washed  with  fresh  Locke's  and  an  additional 
quantity  is  left  in  contact  filling  the  container  to  some  determined  volume. 
Another  injection  can  be  made  as  soon  as  the  muscle  has  relaxed  to  normal 
length. 

DISCUSSION   OF   METHODS. 

The  oxytocic  test  on  the  uterus  muscle  is  without  question  more  logical  than 
the  blood  pressure  effect  for  standardizing  substances  used  almost  exclusively 
as  oxytocic  agents,  unless  there  is  evidence  that  the  same  active  constituent  is 
responsible  for  both  effects.  If  this  is  true  in  any  particular  instance,  then 
accuracy  and  convenience  only  need  be  consulted.  Opinions  differ  regarding  this 
point  as  applied  to  the  pituitary  gland  but  the  most  generally  accepted  one  is 
that  there  are  several  active  bodies  with  different  physiologic  actions.  In  other 
words  an  extract  of  the  gland  might  raise  the  blood  pressure  without  having  any 
oxytocic  activity.  This  is  a  point  which  requires  more  than  passing  considera- 
tion. Because  of  the  fact  that  a  good  specimen  of  the  isolated  uterus  of  a 
guinea  pig  is  sensitive  to  a  much  smaller  quantity  of  pituitary  extract  than  can  be 
detected  by  the  blood  pressure  test  and  that  such  a  test  organism  is  also  very 
sensitive  to  other  substances  and  to  variations  in  the  test  conditions,  it  is  very  diffi- 
cult to  prove  that  there  is  both  a  pressor  principle  and  an  oxytocic  principle  in  the 
glands.  The  authors  have  not  yet  found  any  data  to  support  the  contention  that 
the  two  actions  are  not  due  to  an  identical  substance.  Any  chemical  treatment  to 
isolate  one  from  another  either  destroys  both  actions  or  affects  them  equally. 

Another  objection  urged  against  the  blood  pressure  method  as  of  note- 
worthy importance,''  is  the  statement  that  repeated  injections  of  pituitar>^  ex- 
tracts, even  when  prepared  from  the  separated  infundibulum,  induce  progressively 
decreasing  pressor  effects  until  the  depressor  predominates  and  no  rise  in  blood 
pressure  follows  the  injection  of  the  active  extract.  This,  however,  is  not  a  valid 
objection  when  the  test  conditions  outlined  above  are  followed  carefully. 

In  many  cases  between  20  and  30  doses  of  0.05  c.c.  Pituitrin  or  an  equivalent 
quantity  of  similar  preparations  have  been  injected  intravenously  into  dogs 
without  the  depressant  efifect  becoming  noticeably  increased.  (See  tracing,  Fig.  2.) 
If  large  doses  were  used  and  the  injections  followed  each  other  closely  the 
objection  noted  would  be  a  valid  one.  All  physiological  testing,  however,  must 
be  done  under  rigidly  prescribed  conditions,  otherwise  there  is  little  accuracy. 

In  this  m.ethod  of  testing,  the  test  animal  is  the  dog  admitted  by  all  to  be 
the  least  subject  to  the  so-called  tolerance;  the  doses  are  small;  they  follow 
each  other  at  intervals  not  less  than  15  minutes;  sample  and  standard  are  injected 
alternately  and  must  give  an  equal  rise  in  pressure,  the  rise  in  pressure  from  the 
standard  test  dose  must  be  10  mm.  or  more.  Under  such  conditions  the  method 
is  satisfactory. 

McCord^  demonstrated  that  the  isolated  organs  except  the  heart  respond 
almost  without  fatigue  to  repeated  injections  of  pituitary  extracts,  the  effect 
in  nearly  every  case  being  markedly  constricting  on  the  muscle  walls.  The  heart 
was  depressed  and  in  a  very  large  majority  of  the  experiments  there  resulted  a 
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"decreased  rate  and  amplitude.  These  results  seem  to  indicate  that  the  pressor 
effect  on  the  vessels  is  fairly  constant,  and  discredit  any  theory  of  a  pressor 
principle  distinct  from  a  depressor  principle. 

This  is  corroborated  by  Roth'^  in  the  statement :  "By  the  blood-pressure 
method,  a  comparison  could  easily  be  made  between  Sample  1  (Pituitrin,  P.D. 
&  Co.,)  and  Sample  3  (Infundin)  since  the  pressor  response  was  little  diminished 
even  after  hours  when  weak  dilutions  were  used." 

Roth  further  states,  however,  "On  the  other  hand,  it  was  very  difficult  to 
compare  Samples  6  (Hypophysin)  with  Sample  1  (Pituitrin,  P.D.  &  Co.),  and 
impossible  to  compare  Sample  8  (Pituitary  Ext.  Schering)  with  Sample  1." 
This  statement  has  not  been  verified  because  if  each  is  injected  in  sufficient 
quantity  to  give  equal  heights  of  blood  pressure,  the  activities  are  certainly  in 
inverse  ratio  to  the  dilutions  used.  If  a  preparation  fails  to  raise  the  blood 
pressure,  but  with  a  dose  7^^  times  as  large  as  another  sample,  has  an  equal 
effect  on  the  isolated  uterus,  who  can  say  that  the  latter  and  not  the  former 
is  the  true  index  to  its  therapeutic  value?*  If  an  extract  is  so  poorly  prepared 
that  a  large  quantity  is  needed  to  raise  the  blood  pressure  measurably,  deleterious 
substances  may  be  present  in  such  a  proportion  as  to  obscure  the  pressor  effect. 
However,  would  not  these  other  substances  have  an  equalh'  obscuring  effect  on 
the  oxytocic  test  ? 

The  foregoing  statements  regarding  the  objections  raised  against  the  blood- 
pressure  method  are  not  intended  to  be  taken  as  refuting  them  but  to  explain 
why  the  authors  do  not  consider  them  so  vitally  important  and  to  lay  the  facts 
open  for  general  consideration.  The  fact  that  the  oxytocic  test  and  the  com- 
parison with  histamine  as  a  standard  are  now  incorporated  in  the  9th  Revision 
of  the  United  States  Pharmacopeia  would  indicate  that  these  objections  have 
been  either  answered  or  overlooked,  possibly  the  latter  since  those  most  inter- 
ested in  the  subject  were  ignorant  of  this  contemplated  step  until  it  was  ac- 
complished. 

The  isolated  uterus  test,  while  in  some  respects  logical,  is  not  in  its  present 
form  practicable  to  be  used  as  a  commercial  method  for  the  final  standardizing 
of  pituitary  extracts.  It  is  a  good  qualitative  test  but  lacks  the  accuracy  and 
dependability  necessar}^  for  commercial  quantitative  standardization. 

While  apparently  simple  both  in  technic  and  in  the  apparatus  needed,  experi- 
ence has  proved  that  in  the  former,  at  least,  it  is  quite  the  contrary ;  the  large 
number  of  pigs  that  are  not  adapted  to  the  test,  the  slow  and  unsatisfactory  pre- 
liminary standardization  of  the  uterus,  and  the  inaccuracy  of  the  test  when 
applied  to  weak  extracts  are  objectionable  features  as  great  as,  if  not  greater  than, 
the  objections  advanced  against  the  blood-pressure  method. 

In  attempting  to  apply  this  method  there  were  weeks  at  a  time  when  some 
unfavorable  conditions  prevented  our  obtaining  results  allowing  any  degree  of 
comparison.     Compare  also  Dale  and  Laidlaw   (loc.  cit.). 

In  some  cases  the  uterus  is  so  sensitive  as  to  respond  bfyoiul  tlie  limits  ot 
measurement  to  minutf  (|uantities  of  an  extract.  W'righliiig  the  lever  to  overcome 
part  of  this  sensitiveness  often  results  in  kilHng  tlie  sc  nsiti\  I'ness  i'\en  when  this 
is  done  with  the  greatest  care. 

On   some  occasions    (and   this   is   the   most    frequent    cause    l^n   rejecting   a 
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specimen)  it  is  impossible  to  obtain  two  equal  consecutive  contractions  of  the 
uterus  from  equal  amounts  of  the  same  extract. 

At  times  the  return  to  normal  after  a  contraction  is  so  slow  that  whether 
one  waits  for  spontaneous  relaxation  or  attempts  to  counterbalance  the  con- 
traction with  weights  or  bring-  about  relaxation  by  means  of  an  adrenalin  solution, 
the  sensitiveness  of  the  specimen  is  lost. 

That  the  difficulties  of  the  test  have  been  discovered  by  every  investigator  is 
evidenced  by  the  fact  that  there  is  little  agreement  among  them  in  the  description 
of  the  technic  employed.  Guggenheim  claims  that  the  rat  is  free  from  some 
of  the  objections  charged  to  the  guinea  pig.  Roth  claims  that  the  uterus  of  a 
virgin  guinea  pig  is  better  than  that  from  dog,  cat  or  mouse.  He  also  claims 
that  for  only  about  two  hours  can  a  uterus  specimen  be  used  for  this  work  while 
Fiihner  could  use  the  same  strip  for  a  week. 

The  latest  report  on  this  point  is  that  of  Fenger,  which  appeared  since  writ- 
ing this  article,'"  w^ho  states  that  "The  selection  of  a  suitable  uterus  is  not 
always  an  easy  matter.  Often  three  or  four  pigs  have  to  be  killed  before  a 
satisfactory  strip  is  obtained.  The  individual  sensitiveness  towards  pituitar}- 
and  histamine  varies  considerably.  It  is,  consequently,  by  comparing  several 
tracings  on  different  days  that  a  fairly  correct  conclusion  in  regard  to  actual 
strength  of  a  certain  solution  can  be  drawn.  It  would  be  advisable  to  obtain 
a  standard  which  resembles  more  closely  the  active  principle  of  the  posterior  lobe 
than  does  histamine." 

\\'ith  the  strictest  attention  to  details  some  of  the  objections  have  been 
minimized  but  when  the  test  can  not  be  made  more  accurate  than  merely  to  dis- 
tinguish between  dilutions,  1-1000,  1-20C0  and  1-3000  [the  middle  one  being 
considered  equal  to  standard  and  the  others  credited  with  respectively  greater 
and  less  contractions  than  standard  (see  reference  6)],  its  accuracy  leaves  much 
to  be  desired. 

\\'hile  apparently  the  oxytocic  test  on  the  uterus  muscle  is  the  more  logical 
one  for  standardizing  pituitary  extracts  intended  for  obstetrical  use,  one  cannot 
but  question  whether  it  more  certainly  indicates  oxytocic  activity  than  does  the 
blood  pressure  test.  Several  substances  such  as  blood  serum,  beef  bouillon, 
peptone,  egg  white,  putrid  meat  extracts,  act  on  the  uterus  muscle  without 
having  any  recognized  oxytocic  value.  ",  ^-  In  the  case  of  pituitary  extract,  is  it 
more  than  merely  a  coincidence  that  it  acts  on  the  excised  uterus  muscle  and  also 
on  the  gravid  uterus?  Agents  with  oxytocic  value  are,  without  exception,  those 
which  react  on  smooth  muscular  tissue ;  the  arterioles  and  small  veins,  as  well 
as  the  uterus,  belong  to  this  class  of  muscle.  It  is  the  action  of  pituitary  extracts 
on  these  unstriated  muscles  wliich  brings  about  increased  blood  pressure.  This 
seems,  therefore,  to  be  a  logical  test  reaction.  In  this  connection  another  point 
should  be  given  due  consideration — the  increasing  use  of  pituitary  extract  for 
its  blood  pressure  efifect  [)articularly  during  or  after  surgical  operations.  By 
its  use  the  systemic  pressure  is  increased  while  the  pressure  in  the  pulmonary 
circuit  is  lowered — a  condition  described  by  \\'iggers^^  as  "a  fortunate  combina- 
tion of  actions."  Shall  we  apply  the  oxytocic  test  exclusively  to  a  substance  so 
valuable  for  its  pressor  efifects? 
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From  Roth's  results''  we  tabulate  the  following  comparisons  of  pressor  and 

uterine  values  : 

Values, 

sample.  pressor.  uterine. 

1  15  7.5 

6  1  1 

8  ?  1 

On  the  face  of  this  report  it  would  seem  possible  for  the  obstetrician  to 
determine  whether  Sample  1  is  15  times  or  only  7^  times  as  acti^'e  as  Sample  6. 
More  striking  still  is  the  discrepancy  in  the  case  of  Sample  8  of  which  Roth  in- 
jected 250  times  as  much  as  of  Sample  1  without  an  equal  rise  in  blood  pressure 
while  the  uterus  test  would  indicate  that  it  was  not  devoid  of  activity.  This 
again  is  contrary  to  the  statements  of  Dale  and  Laidlaw^  that  the  pressor  and 
oxytocic  effects  seem  to  go  hand  in  hand,  an  observation  made  also  by  Frankl- 
Hochwart  and  Frohlich^*  and  repeatedly  confirmed  in  our  own  work. 

The  problem  seems  to  be  one  not  for  the  pharmacologist  alone,  but  for  the 
clinician  as  well. 

While  we  are  not  condemning  as  useless  the  uterus  test  for  standardizing 
pituitar}^  extracts,  we  are  not  willing-  to  subscribe  to  the  popular  opinion  that 
this  test  alone  is  deserving  of  recognition,  that  it  has  greater  accuracy  as  a 
standard  method  of  assay  than  the  pressor  test,  or  that  the  latter  is  not  a  measure 
of  oxytocic  activity. 

We  conclude,  therefore : 

First,  that  neither  method  in  its  present  form  is  ideal  as  a  means  of  standard- 
izing pituitary  extracts. 

Second,  that  most  specimens  of  the  isolated  guinea  pig  uterus  are  sensitive  to 
the  action  of  these  extracts,  some  are  exquisitely  sensitive  but  few  are  suffi- 
ciently uniform  in  the  reaction  to  be  used  for  accurate  standardization  purposes. 

Third,  that  the  pressor  test  is  a  fairly  accurate  measure  of  pituitary  activity,  is 
not  an  illogical  indicator  of  oxytocic  value,  and  is  free  from  some  of  the  most 
objectionable  features  of  the  uterine  method. 

We  regret  our  inability  at  the  present  time  to  add  anything  to  the  refine- 
ment of  either  method  but  suggest  first,  that  the  possibilities  of  the  i^-essor  test 
be  further  developed  since  it  has  been  found  capable  in  our  hands  of  recog- 
nizing differences  in  pressor  activity  of  less  than  10  per  cent;  second,  that 
chemists,  i)harmacologists.  and  ch'nicians  work  together  in  an  cfi'orl  to  determine 
wdiether  pressor  and  oxytocic  vakies  depend  on  the  same  active  principle. 
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REVIEW  OF  THE  FOLIN  AND   DENIS   METHODS  FOR   THE   DETER- 
MINATION OF  NITROGEN  BY  DIRECT  NESSLERIZATION 


By  Roy  G.  Pe;arce;,  M.D.,  Cleveland,  Ohio. 


THE  colorimetric  methods  for  the  determination  of  nitrogen  in  the  blood 
and  the  urine  have  required  that  the  ammonia  produced  by  the  destruc- 
tive digestion  with  sulphuric  acid  or  by  catalyzers,  such  as  urease,  be  removed 
from  the  digestive  mixtures  by  aereation.  This  procedure  besides  requiring 
some  time  is  difficult  to  carry  through  with  certainty  that  all  the  ammonia  is 
recovered,  so  that  the  publication  of  a  method  by  Folin  and  Denis*  for  the  direct 
Nesslerization  of  the  ammonia  in  such  mixtures  is  very  welcome  and  of  great 
value.  Folin  and  Denis  have  described  methods  for  the  estimation  of — (1)  the 
total  nitrogen  in  the  urine,  (2)  urea  nitrogen  in  the  blood  and  urine,  (3)  urinary 
ammonia,  and  (4)  the  nonprotein  nitrogen  in  the  blood.  The  methods  are  briefly 
given  here.  The  directions  follow  closely  the  concise  descriptions  given  by  Folin 
and  Denis,  and  it  is  urged  that  they  be  followed  accurately,  since  any  alteration 
may  lead  to  error,  as  the  authors  point  out  in  the  original  paper. 

TOTAL    NITROGEN-    IN    THE    URINE. 

The  presence  of  large  amounts  of  sulphates  in  the  digestion  mixture,  fol- 
lowing the  destructive  digestion  of  the  urine  with  sulphuric  acid  was  the  chief 
obstacle  in  the  direct  Nesslerization  of  the  ammonia  contained  therein.  Folin 
and  Denis  have  discovered  that  the  presence  of  phosphoric  acid  in  the  digestion 
mixture  not  only  hastens  the  oxidation  but  also  allows  direct  Nesslerization  of  the 
ammonia. 

SOLUTIONS   AND   APPARATUS   REQUIRED. 

Ncssler  Reagent. — This  is  prepared  as  follows :  Seventy-five  grams  of  potas- 
sium iodide  are  dissolved  in  50  c.c.  of  warm  distilled  water  and  100  grams  of 
mercuric  iodide  added.  The  mixture  is  stirred  until  the  solution  is  complete. 
The  solution  may  be  a  little  turbid.  It  is  then  diluted  with  four  or  five  hundred 
cubic  centimeters  of  water,  filtered,  and  the  filtrate  made  up  to  one  liter.  This 
is  the  stock  solution  from  which  the  dilute  Nessler  reagent  used  in  direct 
Nesslerization  is  made  by  adding  to  300  c.c.  of  the  above  solution  200  c.c.  of  a 
10  per  cent  sodium  hydrate  solution  and  500  cc.  of  water.  Fifteen  cc.  of  this  dilute 
Nessler's  solution  added  rapidly  to  solutions  containing  the  amount  of  am- 
monia in  the  various  colorimetric  determination  will  yield  crystal-free  mixtures. 

Ammoniuin  Sulphate  Solution. — Folin  and  Denis  recommend  Kahlbaum's 
C.  P.  ammonium  sulphate  for  the  preparation  of  the  standard.     This  is  pure  but 


*FoIin,   Otto     and   Denis,   W. :      Nitrogen    Determination   by   Direct   Nesslerization,   Jour.    Biol.    Chem., 
September,   1916,  xxvi,   473  to  505. 
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must  be  dried  in  a  desiccator  for  several  days,  or  by  heating  it  to  about  110°  C. 
for  an  hour  before  it  is  weighed  out.  The  standard  is  made  as  follows :  4.716 
grams  of  the  salt  is  weighed  out  accurately  and  dissolved  in  one  liter  of  0.2 
normal  surphuric  acid.  The  solution  contains  one  milligram  of  nitrogen  per 
CO.  and  keeps  very  well.     From  this  solution  appropriate  dilutions  can  be  made. 

Sodium  Hydrate  Solution. — 100  grams  of  sodium  hydrate  are  dissolved  in 
one  liter  of  water. 

The  Digestion  Mixture. — 300  c.c.  of  ordinary  phosphoric  acid  "syrup"  (con- 
taining about  83%  H3PO4)  are  added  to  100  c.c.  of  concentrated  sulphuric  acid. 
To  this  mixture  15  c.c.  of  a  10%  solution  of  copper  sulphate  are  added  and  the 
solution  is  filtered. 

Pipettes  and  Glass  Ware. — A  long  stem  calibrated  Oswald  pipette,  which 
delivers  accurately  1  c.c.  of  water  when  drained  for  ten  seconds  against  the  side  of 
a  test  tube  and  then  blown  clean,  is  required  for  measuring  the  urine.  An  ordi- 
nary 1  c.c.  pipette,  200  or  250  c.c.  volumetric  flasks,  micro-burners,  hard  glass 
test  tubes  (200  nm-i.Xl3  mm.)  and  a  Duboscq  colorimeter,  the  zero  point  of 
which  has  been  determined  with  care,  complete  the  necessary  equipment. 

The  Determination. — The  urine  is  diluted  so  that  1  c.c.  contains  from  0.7 
to  1.5  mg.  nitrogen.  In  general,  the  following  rules  may  be  applied:  Dilute 
urines  having  specific  gravities  of  less  than  1.018,  five  times;  urines  having 
specific  gravites  between  1.018  and  1.030,  dilute  ten  times,  and  those  whose 
specific  gravities  are  above  1.030,  dilute  twenty  times. 

One  c.c.  of  the  diluted  urine  is  measured  by  the  Oswald  pipette  into  a  large 
test  tube,  and  1  c.c.  of  the  phosphoric-sulphuric  acid  mixture  is  added.  A  fresh 
bit  of  granite  is  introduced  to  prevent  bumping.  The  tube  is  then  heated  over 
a  micro-burner,  until  nearly  all  the  water  has  been  driven  off  as  indicated  by  the 
absence  of  foaming  or  by  the  appearance  of  denser  sulphuric  acid  fumes  within 
the  test  tube.  The  mouth  of  the  test  tube  is  then  covered,  and  the  heating 
continued  with  the  flame  regulated  so  that  only  a  little  of  the  acid  fumes  escape 
from  the  tube.  In  one-half  to  three  minutes,  counting  from  the  time  the  test 
tube  is  closed,  the  digestion  should  be  clear  and  blue,  green,  or  light  yellow  in 
color.  This  color  is  due  to  the  copper.  The  heating  is  continued  for  30  to  60 
seconds,  but  in  no  case  should  the  time  of  heating  be  less  than  two  minutes 
after  the  closure  of  the  tube. 

The  test  tube  is  then  allowed  to  cool  for  two  or  three  minutes  and  a  little 
w^ater  is  added  and  the  contents  rinsed  into  a  200  or  250  c.c.  volumetric  flask, 
using  about  150  c.c.  of  water  for  the  y^urpose. 

The  titratable  acid  content  of  1  c.c.  of  the  ])hosphoric-sulphuric  acid  mix- 
ture is  now  determined  using  10%  sodium  hydrale  with  phenoliHUlialein  as  an 
indicator.  The  number  of  c.c.  of  alkali  used  in  nentiali/ing  the  acid  is  then 
multiplied  by  1.375.  This  figure  represents  the  iiunili(.T  of  c.c.  of  alkali  which 
must  be  added  to  the  digestion  mixture  to  make  il  neutral.  Two  c.c.  in  excess 
of  this  amount  are  added  to  make  the  solution  dclinitclN-  alkaline. 

The  standard  solution  is  prepared  as  follows:  Into  anotlier  volumetric 
flask  of  the  same  capacity  as  that  used  in  the  case  of  ihr  unknown,  introduce 
1  c.c.  of  the  sulphuric-phosphoric  mixture  and  20  c.c.  of  an  .mnnoninm  suljihate 
which  is  prepared  from  the  standard  stock  solution  by  dilnting  it    I  went  v   times. 
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(The  diluted  solution  contains  0.05  mg.  nitrogen  per  ex.,  and  is  a  dilution  quite 
appropriate  as  a  standard  for  most  nitrogen  determination  in  blood  and  urine.) 
About  125  c.c.  of  water  and  the  same  amount  of  alkali  that  was  used  in  the 
case  of  the  unknown  is  then  added  and  thoroughly  mixed.  Then  to  each  flask 
15  c.c.  of  the  dilute  Nessler  reagent  is  added  from  a  cylinder  and  the  contents 
thoroughly  mixed.  The  flasks  are  filled  to  volume  and  again  mixed.  A  small 
part  of  the  unknown  is  then  poured  out  as  an  added  precaution  against  incom- 
plete mixing',  and  a  portion  of  the  remainder  is  filtered  through  a  cotton  plug 
or  centrifuged.  If  the  sediment  thus  obtained  is  mixed  with  a  red  deposit  the 
Nesslerization  is  faulty  and  the  fluid  must  be  discarded.  The  liquid  above 
the  sediment  must  be  clear  and  not  "smoky."  This  fluid  is  to  be  used  in  com- 
parison w-ith  the  standard  as  follows : 

Both  cups  of  the  colorimeter  are  filled  with  a  portion  of  the  standard  and 
the  colorimeter  set  at  20  mm.  Adjust  the  cups  to  the  same  color  intensity. 
When  this  is  done,  replace  the  fluid  in  one  of  the  cups  with  the  unknown  and 
make  one  leisurely  careful  reading.  This  method  of  reading  the  colorimeter  has 
been  found  to  give  the  best  results.  As  stated  above  the  color  of  the  standard 
is  given  by  0.05  mg.  of  nitrogen  per  100  c.c.     The  calculation  of  the  unknown  is 

20  ^^  .  .     ,  ,       . 

r- ? — 1 -, X  -05  =  m<J'.  niti'ogen  m  1  c.c.  or  urine. 

readmg  of  the  unknown 

THE    DETERMINATIOX    OF    THE    XONPROTEIX    NITROGEN    OF    THE    BLOOD. 

Folin  and  Denis  discovered  that  by  using  m. -phosphoric  acid  as  a  precipitant 
for  the  blood  proteins,  the  nonprotein  nitrogen  of  the  blood  can  be  determined 
by  direct  Nesslerization  in  a  manner  similar  to  that  just  described.  The  method  is 
as  follows : 

Since  ///.-phosphoric  acid  (glacial  phosphoric  acid)  is  not  stable  in  watery 
solutions ;  it  should  be  prepared  fresh  from  the  sticks.  The  sticks  weigh 
about  25  grams  and  will  dissolve  in  100  c.c.  of  cool  water  in  an  hour's  time. 
The  solution  thus  obtained  can  be  used  for  two  or  three  days.  The  other 
solutions  required  are  the  same  as  those  used  in  the  estimation  of  the  total 
nitrogen   in    the   urine. 

Into  50  c.c.  volumetric  flask  containing  20  c.c.  of  water.  5  c.c.  of  blood  along 
with  3  c.c.  of  the  25%  m.-phosphoric  acid  solution  are  introduced  and  mixed 
thoroughly.  After  allowing  the  mixture  to  stand  for  an  hour  the  flask  is 
filled  to  the  mark,  and  the  contents  filtered  through  dry  filter  paper.  If  the 
first  few  drops  are  not  water-clear,  they  must  be  discarded  or  put  back  upon  the 
filter.  If  time  is  a  factor  it  is  not  necessary  to  allow  the  mixture  to  stand  an 
hour.  In  this  case  the  volume  is  made  up  at  once  and  the  contents  transferred  to  a 
larger  flask,  which  is  vigorously  shaken  for  three  to  five  minutes  and  filtered. 
Clear  filtrates  can  be  obtained  in  this  way. 

Ten  c.c.  of  the  clear  filtrate,  corresponding  to  1  c.c.  of  blood,  are  placed 
in  a  large  test  tube  and  after  the  addition  of  1  c.c.  of  the  phosphoric-sulphuric 
acid  mixture,  the  tube  is  heated  over  a  micro-burner  exactly  as  described  for 
the  urinary  nitrogen.  \\'hen  the  digestion  is  completed  the  contents  of  the  test 
tube  are  rinsed  into  a  100  c.c.  volumetric  flask,  using  about  60  c.c.  of  water. 
The   titrating   value    of    the    phosphoric-sulphuric   acid    mixture    is    obtained    as 


METHODS  FOR  DETERMIXATIOX  OF   NITROGEN   BY  DIRECT   NESSLERIZATION       133 

described  above,  and  1.375  times  the  amount  plus  1  c.c.  for  alkalinity  of  10% 
sodium  hydrate  is  added.  The  flask  is  cooled  and  10  c.c.  of  the  dilute  Nessler 
reagent  is  added,  and  the  flask  filled  to  the  mark.  Filter  or  centrifuge,  if  neces- 
sary, and  the  nitrogen  is  determined  with  the  colorimeter,  using  as  a  standard 
the  ammonium  sulphate  solution  as  described  in  the  total  urinary  nitrogen  method. 
In  cases  where  there  is  a  very  high  nonprotein  content,  a  standard  of  1  mg. 
ammonia  nitrogen  may  be  required.  In  working  with  such  blood  the  standard  is 
ibest  prepared  as  follows :  The  acid  is  diluted  and  the  alkali  is  added  to  the 
jflask  which  is  to  contain  the  standard,  without  adding  the  standard  ammonia, 
bntil  the  color  has  been  developed  in  the  unknown.  By  inspection  it  can  readily 
be  told  after  a  little  practice  how  strong  the  standard  should  be,  and  the 
istandard  ammonia  added  accordingl}^ 

THE  DETERMINATION  OF  AMMONIA  IN  THE  URINE  BY  DIRECT   NESSLERIZATION. 

The  presence  of  creatinin  in  the  amount  that  it  is   found  in  normal  urine 

prevents  the  direct  determination  by  Nesslerization  of  its  ammonia.     Folin  and 

Denis  have  determined  that  if  the  amount  of  creatinin  be  reduced  to  a  trace  or 

even  a  large  trace,  direct  Nesslerization  is  possible.     This  they  do  by  the  use  of 

lood  charcoal.    The  determination  is  carried  through  as  follows : 

Ten  c.c.  of  urine,  along  with  1  c.c.  of  m.-phosphoric  acid  (25%),  9  c.c.  of 
water,  and  2  grams  of  blood  charcoal  (Merck's),  are  placed  in  a  large  test  tube 
and  vigorously  shaken  for  a  minute  or  so.  The  contents  of  the  tube  are  filtered 
through  dry  filter  paper,  and  1  to  5  c.c.  of  the  filtrate  transferred  to  a  100  c.c. 
olumetric  flask.  About  70  c.c.  of  distilled  water  is  then  added  and  15  c.c.  of 
the  dilute  Nessler  reagent  previously  described  is  quickly  introduced.  The  con- 
tents of  the  flask  is  thoroughly  mixed  and  made  up  to  100  c.c.  A  portion  of 
the  clear  solution  obtained  is  then  compared  in  the  colorimeter  with  the  standard 
ammonia  solution  which  has  been  treated  with  dilute  Nessler  reagent  as  pre- 
viously described  in  the  estimation  of  total  nitrogen  in  the  urine. 

THE  DETERMINATION  OF  THE  UREA  IN  THE  BLOOD  AND  THE   L'RINE 
BY  DIRECT  NESSLERIZATION. 

By  using  a  25%  solution  of  w. -phosphoric  acid  as  a  precipitant  of  the  urease 
materials  used  in  the  hydrolysis  of  urea,  it  is  possible  to  determine  the  urea  in 
the  blood  and  urine  by  direct  Nesslerization,  as  in  the  case  of  the  mclhods  pre- 
viously described. 

The  urease  can  be  prc']xire(l  readily  by  rubbing  up  5  grams  of  s(iy  lican  meal 
(The  Soja  bean  meal  sold  as  a  food  for  diabetics  can  be  used  )  with  5  c.c.  of  water; 
■400  c.c.  of  water  and  100  c.c.  of  alcohol  are  then  added.  10  to  15  c.c  of  the  sus- 
pension obtained  arc  used  in  each  determination.  The  preparation  remains  good 
for  two  days  at  room  temperature. 

The  urea  in  the  blood  is  determined  as  follows:  5  c.c.  of  blood  and  10 
c.c.  of  the  suspension  of  soy  bean  meal  are  ])laced  in  a  50  c.c.  volumetric  Hask, 
which  is  stoppered  and  allowed  to  stand  for  an  hmir.  25  c.c.  of  \vater  along 
with  2  c.c.  of  the  ;;/.-phosi)horic  acid  (25/(  )  are  then  added  and  the  ilask  made 
up  to  volume.  The  contents  are  thoroughly  mixed  and  allowed  to  stand  for 
45  minutes  or  over  night,  after  which  they  arc  filtered.     A  half  gram  of  blood 
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charcoal  is  added  to  the  filtrate,  which  is  thoroughly  mixed  and  again  filtered. 
In  the  case  of  normal  or  approximately  normal  blood,  transfer  10  c.c.  of  the 
last  filtrate  (corresponding  to  1  c.c.  of  blood)  to  a  25  c.c.  volumetric  flask,  and  add 
5  c.c.  of  the  Nessler's  reagent,  make  up  to  volume,  mix,  and  compare  at  once  in 
a  colorimeter  with  a  0.25  mg.  ammonia  nitrogen  solution  (standard  ammonia 
solution  diluted  one  to  four),  Xesslerized  in  a  50  c.c.  flask  with  10  c.c.  of  Ness- 
ler's reagent.  If  less  blood  is  used,  a  larger  portion  of  the  filtrate  can  be  used 
for  Nesslerization.  The  determination  of  the  urea  in  the  urine  is  not  essentially 
different  than  that  used  in  the  determination  of  the  urea  in  the  blood. 

One  c.c.  of  urine  is  transferred  with  an  Oswald  Pipette  to  a  100  c.c.  volumetric 
flask,  along  with  15  c.c.  of  the  soy  bean  suspension.  After  allowing  the  mixture 
to  stand  for  an  hour,  25  c.c.  of  water  and  1  c.c.  of  259c  /;?. -phosphoric  acid  are 
added  and  thoroughly  mixed.  One  gram  of  Merck's  blood  charcoal  is  then 
introduced  and  about  25  c.c.  of  water.  The  contents  are  then  thoroughly  mixed, 
and  made  up  to  volume  and  filtered.  From  5  to  20  c.c.  of  the  clear  filtrate  are 
transferred  to  a  100  c.c.  measuring  flask  (the  amount  should  contain  from  0.7 
to  01.3  mg.  nitrogen).  Dilute  with  water  to  about  60  c.c.  and  Nesslerize  in  the 
usual  way,  and  compare  with  a  standard  in  the  colorimeter.  The  standard  should 
contain,  in  the  majority  of  cases,  1  mg.  nitrogen. 


URINALYSIS  IN  RELATION  TO  RENAL  LESIONS* 


By  J.  R.  Stark,  M.D.,  Cincinnati,  Ohio. 


THE  object  of  the  work  upon  which  this  paper  is  based,  was  to  discover  what 
relation  exists  between  urinalysis,  the  clinical  diagnosis  of  nephritis,  which 
is  so  frequently  directly  based  upon  urinary  findings,  and  the  anatomic  changes 
in  the  kidneys.  The  material  which  served  as  the  basis  consisted  of  six  hundred 
clinical  histories  in  connection  with  which  the  term  nephritis  was  used  in  the 
clinical  diagnosis.  All  of  the  cases  studied  had  gone  to  autopsy  and  therefore 
the  anatomic  renal  material  was  complete.  The  clinical  history,  autopsy  protocols, 
gross  material,  and  microscopical  preparations  were  therefore  available  for  study. 
It  was  very  quickly  discovered  that  the  term  nephritis,  qualified  or  unquali- 
fied, was  a  loose  one,  and  was  often  used  with  such  apparent  lack  of  interest  or 
understudy  that  very  frequently  there  was  no  clear  clinical  data  in  the  histories 
to  warrant  it.  For  this  reason  the  number  of  cases  which  were  really  useful 
for  investigation  reduced  itself  to  100,  and  to  obtain  even  this  number  it  was 
necessary  to  include  those  in  which  the  clinical  histor}-  included  such  terms  as 
"albumin  present,"  "blood  and  pus,"  or  "albumin  and  casts."  Such  expressions 
are  obviously  inadequate  ones  upon  which  to  base  a  discussion,  and  yet  if  clin- 
ical diagnoses  are  made  upon  such  fragmentar}^  bits  of  information,  and  if  his- 
tories are  to  serve  their  function  in  the  present  or  in  the  future,  then  these  in- 
adequacies, because  they  indicate  clinical  historical  incompleteness,  should  have 
attention  attracted  to  them. 


*From  the  Mary  M.  Emery  Department  of  Pathology  of  the   University  of  Cincinnati,  and  the  Patho- 
logic  Institute  of  the   Cincinnati  General   Hospital. 
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After  II  preliminary  survey  of  these  100  cases  they  were  divided  into  three 
roups,  as  follows : 

I.     Those  in  which  the  clinical  and  anatomic  diagnosis  did  not  agree,  26. 
II.     Those  in  which  the  clinical  and  anatomic  diagnosis  agreed,  36. 
III.     Those  in  which  there  was  no  clinical  diagnosis,  but  in  which  the  clin- 
^al  data  indicated  some  renal  abnormality,  37. 

GROUP    I. 

In  this  group  there  was,  as  already  noted,  a  discrepancy  between  the  clinical 
onclusions  and  the  anatomic  findings.  For  instance,  nine  cases  were  clinically 
liagnosed  as  chronic  diffuse  nephritis,  whereas  at  the  postmortem  table  they 
►roved  to  be  acute.  Seven  were  just  the  reverse,  clinically  they  were  acute 
lephritis ;  anatomically,  chronic.  In  five  cases  the  kidneys  were  tuberculous. 
The  clinical  diagnosis  in  two  of  these  was  acute  nephritis ;  in  two,  chronic  ne- 
)hritis ;  and  in  one,  cystitis.  There  were  five  other  cases  belonging  in  this  group. 
Dne  was  diagnosed  clinically  as  tuberculous  nephritis  and  proved  to  be  carcinoma 
)f  the  kidney ;  two  were  clinically  acute  parenchymatous  and  anatomically  diag- 
losed  as  "nephritis"  and  proved  to  be  chronic  diffuse  nephritis. 

The  facts  mentioned  above  are  tabulated  as  follows : 


Table  I. 


CLINICAL  DIAGNOSIS. 

Chronic    diffuse    nephritis 

Acute  nephritis 

Acute  nephritis 

Chronic  nephritis 

Cystitis 

Tuberculous  nephritis 

Acute   parenchymatous 

nephritis 
"Nephritis" 


ANATOMIC  DIAGNOSIS. 

Acute  nephritis 

Chronic  diffuse  nepliritis 

Tuberculous  nephritis 

Tuberculous  nephritis 

Tuberculous  nephritis 

Carcinoma 

Chronic  diffuse  nephritis 

Chronic  diffuse  nepliritis 


NO.    CASES. 

9 
7 
2 
2 
1 
1 
2 


Total    : 26 

The  five  tuberculous  kidneys  are  probably  the  most  interesting  and  the  uri- 
lalysis  and  clinical  symptoms  are  worthy  of  especial  attention.  In  the  clinical 
;ystitis  case,  there  was  a  history  of  frequent  and  painful  urination  with  a  urinaly- 
is  of  "S.g.  1010,  albumin  trace,  few  red  blood  cells,  no  pus  or  casts"  and  no 
)ther  tuberculous  lesion  was  found  in  the  body.  The  two  chronic  nephritides 
ihowed  urines  with  the  following  analyses  respectively — S.g.  1024-1002.  albumin 
:race,  no  cells  or  casts  in  either.  The  two  acute  nephritis  urinalyses  showed  re- 
spectively S.g.  1020 — not  given,  albumin  ncg.— a  trace,  few  granular  and  hyaline 
rasts,  no  blood — few  red  blood  cells,  and  no  casts.  These  last  four  eases  had 
lefinite  pulmonary  lesions  but  no  history  of  any  urinary  disturbance.  The  con- 
rast  between  the  two  supposedly  acute  nephritic  cases  are  typical  examples  of 
kvhat  one  may  expect  to  learn  from  in-inalyses.  as  will  be  shown  more  fully  in 
:he  course  of  this  ]iapcr.  Not  only  are  they  not  the  analyses  of  aeule  nephritis, 
3Ut  they  mislead  one  as  to  the  true  condition  existent. 

The  typical  analyses  referred  to,  which  one  ordinarily  reganls  as  delinitc, 
ire,  briefly  mentioned:     Urine  in  acute  nephritis  is  deeri-aseil  in  ammnit.  or  com- 
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pletely  suppressed,  S.g.  1025  to  1028,  sediment  large,  and  albumin  in  large 
amounts,  as  high  as  8.5  per  cent.  Microscopically  there  are  usually  red  and 
white  blood  cells  in  variable  amounts,  epithelial  cells,  hyaline,  blood  and  epithelial 
casts.  The  urine  in  the  chronic  diffuse  nephritides  with  more  of  the  interstitial 
change,  shows  an  increased  output,  S.g.  1005  to  1012,  very  scanty  sediment,  al- 
bumin as  a  trace  or  completely  absent,  solids  decreased  in  amount.  Microscop- 
ically there  is  often  a  shower  of  red  blood  cells,  fine  and  coarse  granular  or 
hyaline  casts.  A  kidney  of  the  parenchymatous  variety  of  the  chronic  diffuse 
nephritis  type,  is  expected  to  excrete  a  decreased  amount  of  urine  with  a  S.g.  of 
1020  to  1040,  a  heavy  sediment,  albumin  present  in  large  amounts  %%  by  weight. 
Microscopically  there  are  hyaline  epithelial,  fine  and  coarse  granular,  and  fatty 
casts.     Leucocytes  are  abundant  with  occasional  red  blood  and  epithelial  cells. 

The  above  simple  analyses  only  take  into  consideration  those  factors  which 
are  at  every  one's  disposal  and  are  more  or  less  routine  procedures  in  an  in- 
stitution. 

In  order  to  make  this  group  more  complete  the  urinalyses  in  the  remainder 
of  the  cases  are  given  as  completely  as  they  were  in  the  history. 

Tabi,e  II. 

URINALYSES  OF  CASES   CLINICALLY  DIAGNOSED  CHRONIC  AND  ANATOMICALLY   ACUTE. 


S.g. 

Albumen. 

Casts. 

Cells. 

?* 
? 

Trace 

None 

? 

Reds  and  white 

1012 
1022 
1020 
1018 
1020 

? 

-I-H- 
Neg. 

+ 

Very  many  cellular 

Granular 

Hyalin  and  Granular 

Neg. 

? 

Pus  and  reds 
None 

? 

Reds 

1016 
1012 

Neg. 
+ 

Neg. 
Granular 

Neg. 
No  Reds 

?*Not  given  in  the  history. 

Table  III. 

URINALYSES    OF   CASES    CLINICALLY    ACUTE    AND   ANATOMICALLY    CHRONIC. 


S.G. 

Albumen. 

Casts. 

Cells. 

1022 

+ 

Large   amt.   granular 
? 

? 

? 

? 

1040* 
1032 

++ 

+ 

-H- 

Abundant   granular 

Epithelial,    hyaline 

Granular 

? 

pus,  no  reds 

? 
? 

1040 
1006 

+ 

-H- 

Granular,  hyaline 
Granular,  hyaline 

? 
? 

*Sugar  present  in  urine. 

The  above  analyses,  incomplete  as  they  are,  are  still  sufficient  to  show  how 
little  one  may  depend  upon  an  analysis  in  nephritic  lesions. 


GROUP  II. 


In  thirty-seven  cases  the  clinical  and  pathological   diagnoses  agreed.     The 
next  question  which  arose  concerning  this  group  was,  in  how  many  cases  where 
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he  correct  diagnosis  was  made  did  the  analysis  given  correspond  even  fairly  ac- 
urately  to  the  composite  description  herein  given?  Only  fourteen  out  of  these 
hirty-seven  cases  showed  the  typical  analysis  which  could  warrant  its  being  an 
id  in  the  diagnosis. 

Table  IV. 

No.   of   clinical    and   anatomical   chronic   interstitial    nephritis   cases   with 

typical  urinalysis    5 

No.  of  clinical  and  anatomical  acute  nephritis  cases  with  typical  urinalysis.  6 

No.   of   clinical   and   anatomical   chronic   parenchymatous   nephritis    cases 

with  typical  urinalysis 1 

No.  of  clinical  and  anatomical  pyonephrosis  cases  with  typical  urinalysis.  .  2 

In  the  other  cases  the  chief  factor  which  was  at  variance  was  the  specific 
gravity.  Where  given,  it  was  almost  invariably  too  high  by  quite  a  wide  mar- 
gin. In  chronic  diffuse  nephritides  the  albumen  was  often  marked  three  plus 
(+++)  while  in  five  acute  conditions  the  only  notice  that  was  taken  of  albumin 
Afas  the  laconic  expression  of  "present."  Casts  were  too  variable  a  quantity  to 
ieserve  much  mention.  Coarse  granular  casts  were  found  in  the  acute  nephritides 
ivhile  in  others  no  casts  were  found.  The  chronic  interstitial  varieties  in  most 
nstances  contained  all  varieties  in  considerable  amounts. 

In  only  a  few  of  the  sixty-three  cases  was  albumin  absent  and  yet  its  pres- 
2nce  in  large  amounts  was  not  an  indication  of  the  amount  of  renal  damage. 
The  converse  proved  to  be  equally  correct. 

As  an  example  of  the  conditions  frequently  encountered,  the  following  case 
covers  a  number  of  the  points:  In  a  fulminating  case  of  lobar  pneumonia  the 
urine  showed  "S.g.  1020,  albumin  negative,  a  few  granular  and  hyaline  casts, 
and  no  abnormal  cells."  The  clinical  diagnosis  was  chronic  diffuse  nephritis, 
which  corresponds  very  closely  to  the  typical  urinary  picture  except  for  the  high 
specific  gravity.  Postmortem  these  kidneys  proved  to  be  involved  in  an  extreme 
grade  of  acute  nephritis,  with  no  chronic  change  as  one  might  expect  from  the 
clinical  condition.  This  case  is  not  an  exceptional  one  but  is  a  typical  example 
of  the  discrepancies  which  one  meets  daily. 

The  high  specific  gravity  in  all  cases  would  tend  to  mislead  one  did  he  not 
consider  that  the  kidneys  are  only  one  exit  for  the  elimination  of  water.  In  fevers 
with  profuse  sweating,  in  cases  in  which  there  is  diarrhea,  and  in  cases  in  which 
but  little  water  is  ingested,  it  is  to  be  expected  that  the  specific  gravity  would  rise 
above  that  usually  described  in  chronic  nephritides.  Further,  the  total  solid  ex- 
cretion probably  bears  little  if  any  relation  to  the  water  output,  for  in  the  func- 
tional renal  test  we  often  get  a  high  percentage  of  phenolsulphonphthalein  with 
a  small  amount  of  fluid  excretion,  while  in  diabetes  with  polyuria  the  specific 
gravity  is  high. 

Also  leucocytes  or  "pus"  arc  not  found  where  most  expected.  In  five  cases 
showing  infarction,  acute  interstitial  nephritis  or  "surgical  kidneys"  llio  urine 
was  free  from  white  blood  cells,  while  in  two  others  where  the  report  w.i--  "(|uan- 
tities  of  pus"  and  the  clinical  diagnosis  c)slitis,  the  postmortem  examinatii  ui  re- 
vealed pyonephritis. 

It  must  not  be  considered  that  these  i-omi)arisons  are  from  ])ickc-(l  or  lui- 
usual  cases,     'i'liey  rei)resent  tyi)ical  clinical   rt'ports  with  tluir  postmorttMU   \eri- 
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fications  or  contradictions.  Of  course,  sixty-three  cases  may  hardly  be  suffi- 
cient upon  which  to  base  a  radical  report,  yet  if  one  realizes  that  in  at  least  five 
hundred  and  fifty  out  of  the  six  hundred  cases  studied  there  was  some  nephritic 
lesion,  and  that  of  this  number  only  sixty-three  cases  having  both  a  urinalysis 
and  a  clinical  diagnosis  could  be  obtained,  then  it  seems  apparent  that  the  cli- 
nicians also  lay  very  little  stress  upon  urinalysis  as  a  diagnostic  measure.  So 
we  are  led  to  the  conclusion  that  a  urinarv^  examination  is  of  as  little  value,  in 
itself,  as  a  leucocyte  count,  a  Wassermann,  a  gastric  analysis,  or  other  labora- 
tory procedures  without  other  data,  and  that  in  the  differential  diagnosis  of  kid- 
ney lesions  the  urinary  picture  is  of  practically  no  importance. 


TECHNIC  FOR  STAINING  BLOOD,  ESPECIALLY  FOR  PLASMODIA 


By  Wm.  Krauss,  M.D.,  Memphis,  Tenn. 


STAINING  technic.  Dissolve  25  centigrams  eosin,  w.g.  in  25  c.c.  fresh  dis- 
tilled water.  Label:  No.  1.  Dissolve  25  centigrams  azur  II  in  25  c.c.  fresh 
distilled  water.  Label :  No.  2.  Provide  also  chemically  pure  absolute  methyl  al- 
cohol, fresh  distilled  water,  anilin  oil,  each,  a  sufficient  quantity;  a  10  c.c.  gradu- 
ate; a  Petri  dish  or  special  staining  dish. 

Note :  The  stains  are  best  kept  in  glass  stoppered  "balsam  bottles."  These 
have  "outside  closure"  and  admit  dropping  pipets  easily.  "Ice  house"  distilled 
water  is  rarely  fit  for  this  purpose.  It  is  well  to  have  the  special  staining  dish 
(Sargent)  and  the  slide  attachment  for  the  centrifuge.     (B.  &  L.  O.  Co.) 

Proceed  as  follows:  Flood  the  slide  with  the  methyl  alcohol.  Measure  5 
c.c.  distilled  water,  add  a  drop  of  anilin  oil,  shake;  add  two  drops  No.  1,  shake; 
add  four  drops  No.  2,  shake ;  pour  into  dish.  After  at  least  one  minute's  fixation 
in  the  alcohol,  put  the  slides  face  down  into  the  stain.  The  adhering  alcohol  may 
remain.  Leave  undisturbed  for  ten  minutes.  Remove  slides,  dry  on  centrifuge, 
examine  under  oil. 

N.  B. — Fungi  may  develop  in  the  staining  solutions  and  absorb  stain.  This 
necessarily  changes  the  proportions;  also,  the  droppers  may  be  of  unequal  size. 
The  proportion  is  right  if  the  finished  mixture  is  quite  blue  when  seen  in  glass 
dish  over  white  paper.  The  leucocytes  must  show  very  deeply  stained,  other- 
wise the  parasites  remain  unstained.  Never  use  the  same  dropper  in  both  solu- 
tions, as  they  precipitate  each  other.  To  remove  smudges  and  precipitates  from 
the  stained  smear,  gently  wipe  ofif  with  a  pledget  of  cotton  dripping  wet  with 
aceton,  going  over  the  slide  only  once. 


^  CONVENIENT  ELECTRICAL  SUPPLY  SYSTEM  FOR  A  PHYSIOLOGY 

LABORATORY* 


By  C1.AYT0N  McPeek,  M.D.,  C.  I.  Reed,  A.B.,  and  Frank  Beck, 

CoEUMBUs,  Ohio. 


\  CONVENIENT  system  of  electrical  supply  is  of  considerable  importance 
Li.  in  a  physiological  or  pharmacological  laboratory.  In  most  schools,  the  dry 
;:ell  is  still  employed  as  a  means  of  supply  for  use  in  experimental  work.  While 
this  affords  an  independent  supply  for  each  student,  or  each  group  of  students 
using  the  same  set  of  apparatus,  there  are  the  disadvantages  of  constant  expense 
;n  the  purchase  of  new  cells,  time  loss  on  the  part  of  the  student  in  securing  and 
ponnecting  new  batteries,  the  clumsiness  and  inconvenience  of  the  apparatus 
Ivhen  the  batteries  are  connected,  and  the  constantly  varying  supply  of  current 
;'rom  this  source. 

j  On  account  of  these  disadvantages  a  new  system  has  been  installed  in  this 
laboratory,  which,  after  several  months  of  trial  in  class  work  has  proved  so 
satisfactory  that  it  has  seemed  desirable  that  it  be  brought  to  the  attention  of 
Dthers  who  may  care  to  profit  by  its  use. 

The  apparatus  consists  of  a  motor  generator  charging  set,  manufactured  by 
;he  Robbins-Myers  Co.,  of  Springfield,  O.,  which  may  be  operated  by  either  an 
ilternating  or  direct  current  at  either  110  or  220  volts.  This  apparatus  gener- 
ites  10  amperes  at  8  volts  D.  C,  charging  a  three  cell  storage  batter}^  of  the  "Ever- 
ready"  type.  This  battery  is  of  6  volt,  80  ampere-hour  capacity  and  is  mounted 
on  a  shelf  under  the  switchboard.  On  the  switchboard  are  placed  fused  switches, 
jacks,  fuses  and  parallel  and  series  bar  connections.  The  switchboard  is  made 
of  a  1-inch  marble  slab,  12  inches  by  24  inches,  supported  by  iron  brackets  so  as 
to  leave  a  5-inch  space  between  it  and  the  wall  for  making  final  connections  af- 
ter it  is  in  place.  The  connections  may  be  traced  out  by  reference  to  the  diagram 
in  Fig.  1. 

The  110  volt  supply  enters  through  the  fused  switch  S,  then  passing  to  the 
motor  end  of  the  generator  through  the  rheostat  R,  by  means  of  which  the 
speed  and  proper  charging  rate  for  the  battery  may  be  regulated.  The  current 
from  the  generator,  at  7  to  8  volts,  passes  through  the  fused  switch  C. 

When  the  battery  is  to  be  charged,  both  switches  are  closed.  The  current 
will  flow  from  the  positive  (-|-)  terminal  of  the  switch  C  to  the  positive  terminal 
6,  through  the  fuse  and  jack  G  to  one  cell  of  the  battery;  from  the  negative  ( — ) 
pole  of  the  cell  to  terminal  5,  through  the  series  bar  B  to  terminal  4  and  through 
jack  F  to  the  iniddle  cell  of  llic  battery  to  terminal  3  and  again  through  tlic 
series  bar  B  to  terminal  2  thence  through  the  fuse  to  the  jack  E,  and  the  re- 
maining cell  <jf  the  battery  to  terminal  1,  thence  to  the  negative  side  of  switch  C. 

When  the  charge  is  completed,  switch  C  should  lie  o])ene(l  lirst,  otherwise  the 
battery  will  discharge  into  the  generator,  since  all  jacks,  terminals,  fuses  and 
switches  are  back-connected  on  the  switchboard. 

Jacks  D,  E,  F,  G,  H  and  K  are  made  of  brass  of  %  inch  (lianicter,  turned 


•From    the    I,al>oratory    of    Pliysiology    of    the    College    of    Physiology    of   the    Ohio    Stat-:    University. 


140 


THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 


down  ill  a  lathe,  with  a  head,  threaded  to  ^  inch  and  drilled  out  having  an 
opening  of  about  34  'nch  in  diameter.  These  are  placed  in  holes  drilled  through 
the  switchboard  and  held  in  place  by  nuts  on  the  reverse  side  of  the  board. 
Under  the  nuts  are  brass  clips  for  the  connections  with  the  circuit  wires. 

Terminals  1,  2,  3,  4,  5  and  6  are  of  spring  brass  1-16  inch  thick  and  1  inch 
wide,  bent  into  right  angles  and  fastened  to  the  board  with  brass  machine  screws 
which  pass  through  the  marble  and  support  brass  clips  to  which  wires  are 
soldered  for  the  rear  connections  of  the  terminals.  The  two  series  of  the  ter- 
minals are  %  inch  apart;  into  this  space  is  inserted  the  series  bar,  used  in  charg- 
ing or  discharging  the  battery. 

The  series  bar  is  of  hard  wood  Yz  inch  thick  with  brass  contact  plates  1-16 
inch  thick,   mounted   on   each   side,   corresponding   to   the   positions   of   the   ter- 


BATTERY     _ 

+  + 


TO  BIHPIHG  POSTS 


110  V.  SUPPLY 


MOTOR -GEN. 


miiials.  Copper  rivets  form  connections  between  2  and  3  and  also  between  4  and 
5.  Contacts  1  and  6  are  not  so  connected.  A  ^  inch  hole  in  one  end  of  the 
bar  fits  onto  a  brass  stud  of  corresponding  size,  mounted  on  the  board,  so  that 
there  can  be  no  error  in  inserting  the  bar. 

The  parallel  bar  is  also  of  hard  wood,  with  contacts  of  brass  mounted  on 
each  side  so  as  to  connect  in  parallel,  terminals  3,  5  and  1  and  also  2,  4  and  6. 
When  the  battery  is  not  in  use,  the  parallel  bar  is  inserted.  This  permits  of  an 
"evening-up"  between  the  cells  of  the  battery  so  that  all  may  be  kept  at,  ap- 
proximately, the  same  voltage.  This  bar  may  also  be  used  when  only  two  volts 
are  required  on  the  circuit,  so  bringing  an  equal  load  upon  all  the  cells. 

With  this  arrangement,  three  voltages  may  be  supplied  to  the  circuit  H-K 
which  leads  to  the  binding  posts  on  the  desks  in  the  laboratory.  The  connec- 
tions between  the  jacks  and  the  laboratory  circuit  are  made  by  means  of  two 
cables  about  18  inches  long  whose  wires,  passing  through  wooden  handles  at 
each  end,  are  soldered  onto  brass  plugs  attached  to  the  end  of  the  handle.  The 
plugs  are  ^4  irich  in  diameter  and  slotted  so  as  to  form  good  connections  when 
inserted  into  the  jacks. 
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If  one  cable  connects  D  to  H  and  the  other  connects  E  to  K,  with  the 
!->eries  bar  in  place,  two  volts  are  discharged.  With  D  and  H  still  connected, 
f  K  is  inserted  in  F,  4  volts  will  be  obtained.  With  the  connections  between  D 
imd  H,  and  G  and  K,  6  volts  will  be  discharged.  If  all  the  cells  are  not  needed, 
jind  it  is  desirable  to  employ  4  volts,  the  load  may  be  shifted  by  connecting  E  to 
H  and  G  to  K. 

In  charging  the  series  bar  is  always  used.  Periodic  readings  of  the 
specific  gravity  of  the  fluid  in  the  cells  are  taken  by  means  of  a  special  hydro- 
neter  designed  for  the  purpose.  Whenever  the  gravity  falls  as  low  as  1.150, 
l:he  battery  should  be  charged  until  it  reads  1.270.  A  fall  in  the  voltage  dis- 
charge as  indicated  by  the  readings  of  the  voltmeter,  Y,  which  is  tapped  onto  the 
circuit,  indicates  recharging.  Each  cell  usually  registers  2.1  volts.  Charging 
can  usually  be  done  outside  of  the  regular  laboratory  periods.  Unless  it  is  un- 
avoidable, the  cells  should  not  be  charged  while  the  students  are  using  the  cur- 
rent for  the  generator  will  produce  variations  in  the  strength  of  the  current  that 
sometimes  seriously  disturb  the  experiments  in  progress. 

Should  it  be  desirable  to  test  the  voltage  of  the  cells  separately,  the  volt- 
jmeter  may  be  detached  from  its  connections  with  the  laboratory  circuit  and 
iapplied  to  each  cell. 

The  laboratory  circuit  is  conducted  by  wires  led  through  conduits  under 
jthe  floor  and  brought  up  to  binding  posts  mounted  on  wooden  blocks  between 
jthe  ends  of  the  desks  so  that  the  students  at  each  desk  may  have  free  use  of  one 
set  of  binding  posts.  A  circuit  from  an  electric  time  clock  is  also  led  through 
the  same  conduit  and  brought  up  to  a  separate  set  of  posts  mounted  on  the  blocks 
between  the  desks. 

Incidentally,  it  may  be  mentioned  that  pipes  for  gas  and  compressed  air  are 
brought  up  from  the  floor  between  the  desks  and  fitted  with  two  way  outlets, 
so  that  each  desk  is  supplied  with  gas,  air,  electricity  and  time  current,  inde- 
pendently. This  arrangement  removes  the  necessity  of  overhead  wires  or  pip- 
ing, which  are  both  inconvenient  and  unsightly. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


DISCHARGE  VOLTAGE  AVAILABLE. 


2.1 

4.1 

2.0 

Z.I 

1.9 

3.3 

1.8 

3.0 

1.7 

2.75 

1.6 

2.62 

1.6 

2.5 

1.55 

2.42 

1.5 

24 

145 

2.3 

1.42 

2.21 

1.4 

2.12 

1.32 

2.05 

1.3 

2.0 

1.28 

1.9 

1.2 

1.85 
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1.02 

1.63 
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In  order  to  determine  the  efficiency  of  the  system,  a  series  of  tests  were 
made,  in  which  the  students  were  instructed  to  connect  the  inductoria  with  the 
binding  posts  at  the  desks,  with  a  simple  key  in  circuit.  A  voltmeter  was  con- 
nected with  one  pair  of  binding  posts  and  readings  were  taken  as  the  keys  were 
closed,  one  at  a  time.  Tests  were  made  with  line  supplies  of  2  and  4  volts.  The 
results  are  shown  in  the  preceding  table.  The  first  column  shows  the  number  of 
keys  closed;  the  second  shows  the  voltmeter  readings  with  a  line  discharge  of 
2.1  volts;  the  third  column  shows  the  voltage  with  a  battery  discharge  of  4.1 
volts. 

It  will  be  apparent  from  this  table  that  there  is  considerable  variation  in 
the  line  voltage  when  a  large  number  of  inductoria  are  in  use  at  the  same  time. 
This  disadvantage  may  be  obviated  if  the  battery  is  so  placed  in  the  laboratory 
that  several  feed  lines  may  be  leading  off  from  it  to  the  desks,  thus  placing  only 
a  few  desks  on  one  line.  On  account  of  the  arrangement  of  this  laboratory,  it 
was  found  necessary  to  place  the  battery  in  a  small  room  from  which  only  one 
supply  line  could  conveniently  be  led  into  the  laboratory,  hence  all  of  the  32 
desks  are  tapped  onto  one  line.  However,  since  but  few  of  the  students  are 
using  the  current  at  the  same  time,  the  system  is  still  more  satisfactory,  even 
under  these  conditions,  than  the  old  method  of  obtaining  current  from  dry  cells. 

At  first,  there  was  installed  a  generator  without  the  storage  battery,  which 
supplied  current  as  needed.  It  was  found,  however,  that  this  caused  a  vibration 
in  the  current  in  the  primary  coils  of  the  inductoria  sufficient  to  induce  a  very 
weak  faradic  current  in  the  secondary  coil.  This  interfered  seriously  with  the 
efforts  of  the  student  to  obtain  satisfactory  results  on  simple  make  and  break 
stimulations.  This  also  constitutes  a  disturbing  factor  if  the  battery  is  charged 
when  the  students  are  using  the  current.  A  series  wound  motor-generator  can 
be  used  with  more  satisfaction  than  a  shunt  wound  one. 

Aside  from  this  one  disadvantage  of  variability  in  voltage,  which  does  not 
become  a  disturbing  factor  under  most  conditions  of  laboratory  experimentation, 
this  system  presents  a  number  of  advantages.  The  entire  first  cost  of  installa- 
tion did  not  exceed  $125.00,  and  the  expense  of  current  and  upkeep  is  very 
small.  There  is  also  a  great  saving  of  time  to  both  the  student  and  the  instructor. 
There  is  a  fairly  constant  supply. at  all  times  and  the  outlets  are  so  distributed 
that  the  student  can  move  his  apparatus  to  any  part  of  the  laboratory  and  still 
be  within  easy  reach  of  any  set  of  binding  posts.  There  is  also  a  minimum 
amount  of  time  required  on  the  part  of  the  student  with  relation  to  accessory 
apparatus,  no  part  of  the  system  requiring  a  great  deal  of  attention  in  order  to 
keep  it  in  good  condition  and  ready  for  use. 
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EDITORIALS 


Tuberculosis 


THHERE  is  a  demand  on  the  part  of  the  intelhgent  laity  that  the  crusade  for 
X  the  restriction  of  tuberculosis  be  pushed  with  all  the  intelligence  and  enthu- 
siasm that  the  medical  profession  can  command.  The  verdict  of  science  is  that 
tuberculosis  is  a  preventable  disease ;  one  which  we  can  reasonably  hope  to 
wholly  eradicate  in  time  from  the  list  of  diseases  that  afilict  the  race.  The  intel- 
ligent laity  accepts  this  verdict  and  demands  that  the  medical  profession  follow 
the  way  pointed  out  by  science.  Thirty  years  ago  a  sanitarium  devoted  to  the 
care  of  tuberculosis  patients  was  a  rare  thing.  There  were  not  many  medical  men 
at  that  time  who  had  the  visions  wliicli  Trudeau  saw  in  tlie  forests  about  Saranac. 
Now,  there  are  hundreds  of  sanitoria  devoted  to  this  disease.  Nearly  every 
state  has  one  or  more  such  institutions  and  municipalities  are  doing  even  bet- 
ter. Forty  years  ago  the  best  physician  was  not  sure  Ihal  any<nK'  over  recovered 
monary  tuberculosis,  his  i)aticnt  must  sliow  marked  emaciation,  a  chronic  cough, 
profuse  expectoration,  and  an  afternoon  elevation  of  tcm])erature.  Practically 
all  who  reached  this  statue  died  and  the  conclusion  generally  reached  bv  the 
from  this   disease,      liefore   he   could    make   an    un(|uestionable   diagnosis   of   pul- 
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best  physicians  was  that  pulmonary  tuberculosis  terminated  fatally  in  one  hun- 
dred per  cent.  This  belief  was  quite  universally  held  by  the  laity  and  the  physi- 
cian, who  had  a  heart  like  other  men,  postponed  announcement  of  his  diagnosis, 
he  equivocated,  he  temporized,  and  often  he  lied  directly.  At  that  time  and 
under  the  conditions  then  existent,  this  was  to  his  credit  rather  than  otherwise,  but 
he  got  into  a  habit  which  many  older  men  have  never  been  able  to  cast  aside  and 
more  unfortunately  still,  many  younger  ones  have  acquired.  In  the  sixties  Vil- 
lemin  demonstrated  experimentally  that  tuberculosis  is  an  infectious  and  trans- 
missible disease,  but  his  work  threw  no  light  on  the  diagnosis,  and  while  the 
up-to-date  physician  might  take  some  precautions  against  the  spread  of  the 
disease,  he  gained  in  nothing  else.  In  the  eighties  Koch  identified,  isolated  and 
grew  in  pure  cultures,  the  infective  agent,  the  existence  of  which  in  tuber- 
culous sputum,  Villemin  had  demonstrated.  For  a  time  after  Koch's  discovery 
the  identification  of  the  specific  bacillus  was  deemed  essential  to  a  positive  diag- 
nosis. This  was  a  step  in  advance,  but  a  short  one.  If  we  wait  until  tubercle 
bacilli  have  appeared  in  the  sputum,  in  the  majority  of  instances  we  have  waited 
too  long.  At  present  with  marked  advance  in  the  interpretation  of  physical 
signs,  by  a  close  study  of  the  clinical  fluctuations  in  temperature,  especially  as 
influenced  by  exercise,  by  x-ray  studies  and  by  means  of  the  different  tuberculin 
tests,  the  disease  can  in  most  instances  be  recognized  while  it  is  yet  in  its  in- 
cipiency  and  while  it  is  highly  amenable  to  hygienic  treatment.  Hundreds,  and 
in  some  sections,  thousands  of  people  are  now  going  to  the  physician  to  find  out 
whether  they  have  the  infection.  Forty  years  ago  it  was  a  cruel  thing  to  pronounce 
a  diagnosis  of  tuberculosis  even  when  its  existence  in  an  advanced  stage  was 
plainly  evident.  Today  failure  to  recognize  this  disease  in  its  earliest  stages 
shows  ignorance  on  the  part  of  the  physician  and  may  result  in  irretrievable  in- 
jury to  the  patient. 

The  wide-awake,  conscientious  physician  is  on  the  lookout  for  every  scien- 
tific advance  in  our  knowledge  of  tuberculosis.  Doctor  Gerald  B.  Webb,  of 
Colorado  Springs,  has  consented  to  become  a  member  of  our  editorial  staff  and 
will  devote  his  energies  to  the  subject  of  tuberculosis. 

—V.  C.  V. 
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ORIGINAL  ARTICLES 


AN    EXPERIMENTAL    INVESTIGATION    OF   CERTAIN   PHENOMENA 
RELATING  TO  THE  ACTION  OF  DRUGS  ON  THE  RATE  OF 
OXYGEN  CONSUMPTION  IN  THE  ANIMAL  BODY* 


By  D.  E.  Jackson,  Ph.D.,  M.D.,  St.  Louis,  Mo. 


A  SIMPLE,  cheap  form  of  apparatus  for  recording  the  relative  rates  of 
oxygen  consumption  by  an  anesthetized  animal  is  shown  in  Fig.  I.  This 
apparatus  is  practically  identical  with  that  described  in  a  recent  article^  on  the 
employment  of  closed  ether  anesthesia  for  ordinary  laboratory  experiments.  In 
fact  I  have  used  the  same  apparatus  often  for  both  purposes  at  the  same  time. 
For  a  detailed  description  of  the  construction  of  the  apparatus  (which  costs  but 
little  and  is  intended  primarily  for  student  experiments)  I  must  refer  those 
interested  to  the  former  article.  It  will  be  seen  from  the  illustration  that  a  round 
disc  of  very  thin  aluminum  (or  pasteboard)  has  been  attached  (with  mucilage) 
to  the  center  of  the  upper  surface  of  the  rubber  bath  cap  which  covers  the  large 
pan  into  and  out  of  which  the  animal  breathes.  From  the  aluminum  disc  a  thread 
passes  up  over  a  pulley  and  thence  to  a  second  pulley  placed  above  the  frog 
heart  lever  which  writes  on  the  drum.  The  thread  is  attach.cd  to  this  lever  by 
a  bull  dog  clamp  which  serves  also  as  a  counterpoising  weight  to  countcrltalance 
the  two  or  three  bull  dogs  which  usually  have  to  be  placed  on  top  of  the  aluminum 
disc  to  cause  it  to  descend  readily  as  the  animal  inspires.  The  method  l)y  wliich 
a  record  of  the  oxygen  consumption  is  obtained  on  the  drum  is  shown  in  the 
figure.  This  record  has  a  saw-tooth-like  appearance.  The  narrow,  almost  per- 
pendicular lines  (which  should  normally  all  be  of  the  same  length)  are  made 
by  the  writing  lever  when  oxygen  is  run  inlo  llie  pan.  The  <lrum  should  be  run- 
ning at  a  very  slow  speed  (or  even  stopped  for  the  few  seconds  recjuired  lor  the 
oxygen  to  run  into  the  pan)  when  these  lines  are  made.  The  broader,  ascending 
curves  represent  two  things,  first  the  amount   of  air  which  ;ictuall}-  passes  into 
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and  out  of  the  lungs  at  each  inspiration  and  expiration.  A  contraction  or  dilata- 
tion of  the  bronchioles  will,  of  course,  show  its  effects  immediately  on  this  curve. 
And  second,  the  curve  forms  a  record  of  the  relative  rate  of  oxygen  consump- 
tion by  the  animal.  Both  of  these  points  are  often  of  great  interest  in  studying 
the  action  of  drugs.  It  will  be  noted  that  the  oxygen  is  run  into  the  pan  only  at 
intervals  and  the  signal  for  its  admission  is  the  arrival  of  the  broad  ascending 
curve  to  the  same  height  as  that  which  the  previous  saw-tooth  had.  Just  enough 
oxygen  is  then  cjuickly  injected  to  bring  the  writing  lever  down  to  the  former 
low  point.     Thus  the  height  of  each  saw  tooth  should  be  practically  the  same. 


-r^^/lefAx  ,     ji^ 


Fig.    1. 


This  is  a  relative  matter  which  can  be  set  arbitrarily  to  suit  the  operator  for  any 
given  experiment  or  for  any  sized  dog. 

The  distance  between  the  descending  lines  marks  the  relative  amount  of 
oxygen  which  the  animal  consumed  during  that  period  of  time  (recorded  in  sec- 
onds, etc.,  on  the  drum).  For  example  if  in  one  three  minute  interval  the  animal 
consumed  a  given  amount  of  oxygen  and  the  first  saw-tooth  was  made  to  cor- 
respond with  this,  but  in  the  second  three  minute  interval  the  dog  consumed  only 
half  as  much  oxygen  then  the  distance  covered  by  the  second  saw-tooth  will  be 
twice  as  great  as  that  covered  by  the  first. 

Special  emphasis  must  be  laid  on  the  fact  that  the  animal  is  excreting 
carbon  dioxide  all  the  time  and  this  carbon  dioxide  is  being  continually  absorbed 
by  the  strong  sodium  hydrate  solution  in  the  bottom  of  the  large  pan.     The  rate 
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Df  this  absorption  varies  but  little  and  can  not  interfere  with  the  correct  in- 
erpretation  of  large  variations  in  the  rate  of  oxygen  consumption.  Small  varia- 
:ions  in  this  rate  which  may  be  quickly  compensated  for  by  the  animal  may 
ipparently  often  be  somewhat  obscured,  especially  when  observations  extend 
)ver  only  a  brief  period  of  time.  But  if  a  longer  period  is  used  then  any  sudden 
arge  excretion  of  carbon  dioxide  will  be  absorbed  and  the  relative  amount  of 
•bxygen  consumed  in  the  period  will  be  shown  .on  the  record.  This  equalizing 
nfluence  of  longer  periods  of  time  seems  to  hold  true  for  temperature  (and 
Derhaps  for  water  and  ether  vapor  variations)  also. 


Fig.  2. 


A  better  but  somewhat  more  complicated  form  of  the  apparatus  is  shown  in 
Fig.  2.  Here  a  large,  .shallow,  square  pan  is  used  as  an  absorption  chamber. 
The  details  of  the  construction  of  this  pan  are  shown  in  Figs.  3  and  4.  A 
breathing  pan  made  of  exceedingly  thin  aluminum  or  brass  (the  latter  is  prefer- 
able) is  hinged  at  the  back  and  can  dij)  up  and  down  in  a  trough  of  water  which 
fills  the  space  between  the  outer  wall  of  the  large  pan  and  a  second  inner  wall 
which  is  soldered  at  the  bottom  to  the  floor  of  the  large  outer  pan.  This  inner 
wall  forms  a  second  jjan  within  the  large  outer  one.  Strong  (not  saturated) 
.sodium  hydrate  solution  is  placed  in  the  inner  pan  to  the  dei)th  of  al)out  one 
inch.     The  breathing  pan  then  is  lowered  and  dips  into  the  trough  of  water  all 
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around  thus  forming-  an  air-tight  chamber  into  and  out  of  which  the  animal 
breathes  through  the  large  spout  at  the  back.  The  tracheal  cannula  (side  tube) 
is  passed  through  a  large  cork  which  is  inserted  into  the  spout.  The  breathing 
pan  is  carefully  balanced  on  the  hinges  by  an  adjustable  counterbalancing 
weight.  The  apparatus  is  thus  made  very  sensitive  and  the  mechanical  hin- 
drance to  the  breathing  of  the  animal  is  reduced  to  a  minimum.  As  shown  in 
Fig.  2  a  twine  string  is  attached  to  the  top  of  the  breathing  pan.     This  string 
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Fig.   3. — Interior  view  of  the  apparatus  shown  in   Fig.    2.      The   "hinge  rod"   can  be  pulled  out  end- 
wise to  free  the  "breathing  pan"  which  can  then  be  entirely  removed. 
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Fig.   4. — A    longitudinal    cross-section    through    the    middle    of    the    apparatus    showing    details    of 
construction. 


passes  over  two  pulleys  and  finally  is  clamped  with  a  bull  dog  forceps  in  the 
proper  position  to  the  long  arm  of  a  heart  lever  which  writes  on  the  drum. 

An  oxygen  measuring  device  is  also  shown  in  Fig.  2.  Oxygen  under  pressure 
is  injected  from  a  tank  into  the  graduated  cylinder  through  a  T-tube  the  side  tube 
of  which  passes  through  the  two  corks  and  a  layer  of  paraffine  which  seals  the 
upper  end  of  the  cylinder  down  to  the  graduation  marks.  The  remaining 
straight  end  of  the  T-tube  connects  to  a  rubber  tube  which  is  ordinarily  closed 
by  a  spring  clip  but  which  when  open  conducts  the  oxygen  into  the  breathing 
pan.     A  pressure  bottle  containing  water  is  suspended  above  the  apparatus.     A 
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lube  leads  from  the  pressure  bottle  down  to  the  graduated  cylinder  where  it  is 
(Connected  with  a  small  glass  tube  which  passes  through  the  corks  and  paraffine 
(and  reaches  down  to  the  bottom  of  the  graduated  cylinder.     Within  the  cylinder 
about  100  to  300  cubic  centimeters  of  water  is  placed.     If  the  oxygen  tank  be 
^opened  a  little,   oxygen  will  be  forced  at  once  into  the  top  of  the  graduated 
cylinder.     The  water  in  the  lower  part  of  the  cylinder  will  be  forced  up  into  the 
■pressure  bottle.     Thus  the  cylinder  can  be  quickly  filled  w^ith  oxygen.     The  tank 
n^alve  is  then  closed  and  the  charge  of  oxygen  remains  stationary  in  the  cylin- 
der waiting  to  be  run  into  the  breathing  pan.     This  is  done  by  simply  opening 
the  spring  clip  in  the  tube  between  the  cylinder  and  the  pan.     The  w^ater  in  the 
pressure  bottle  will  at  once  run  down  into  the  cylinder  and  force  the  oxygen 
over  into  the  pan  w^hich  will  rapidly  rise.     On  the  drum  this  would  be  indicated 
by  the  abrupt  descending  limb  of  the  saw-tooth  record.     The  amount  of  oxy- 
gen thus  run  into  the  pan  at  each  emptying  of  the  cylinder  can  be  only  approx- 
imately measured   on  the   cylinder  because  the   glass   tube   inside   passes   down 
through  the  cylinder,   and  the  water  remaining  in  the  tubes,   etc.,   still   further 
changes  the  cylinder  readings  as  does  also  the  pressure  variations.     The  cylin- 
der therefore  is  used  only  for  approximate  estimations.     The  exact  measure- 
ment of  the  amount  of  oxygen  in  each  charge  (which  is  constant  and  is  deter- 
mined by  the  amount  of  transferable  -water  placed  in  the  cylinder)    is  obtained 
by  filling  the  cylinder  with  oxygen  (or  air),  then  disconnecting  the  inlet  rubber 
tube  from  the  pan  and  collecting  from  this  tube  under  water  in  a  second  grad- 
uated cylinder  the  oxygen   (or  air)   as  it  is  discharged  from  the  first  cylinder 
on  opening  the   spring  clip.     By   the  use  of   this   automatic   measuring   device 
oxygen  can  be  quickly  and  accurately  run  into  the  breathing  pan  and  always 
under  the   same  pressure.     And   in   making  the   records  the   greatest  difficulty 
which   one   experiences    is   in    determining   just    at   what    moment   the    writing 
lever  has  reached  its  former  high  point  on  the  drum.     This  is  best  done  by  plac- 
ing the  writing  pointer  of   a   stationary  tambour  or   signal   magnet  in   such   a 
manner  that  as  the  drum  turns  this  pointer  w'ill  mark  a  line  on  the  surface  of 
the  drum  just  at  the  level  of  the  apex  of  each  saw-tooth  in  the  record.     This 
stationary  wanting  point  should  be  placed  just  in  front   (to  the  right  on  most 
drums)  of  the  recording  heart  lever.     By  watching  the  ascent  of  the  lever  the 
observer  can  then  come  \Qry  close  to  determining  the  correct  moment  to  inject 
a  new  charge  of  oxygen.      (I  unfortunately  did  not  do  this  until  after  I  had 
used  the  method  for  some  time.)     If  there  is  an  error  in  the  time  selected  for 
the  injection,  how^ever,  this  will  be  detected  at  once  when  the  oxygen  is  run  in 
for  the  lever  will  not  descend  to  its  former  low-level   line,  but  will  either  be 
below   (injection  made  too  soon)  or  too  high   (injection  made  too  late).     Thus 
a  double  check  on  each  injection  can  be  at  once  obtained.     An  obscuring  in- 
fluence which  is  sometimes  present  is  a  marked  change  in  the  depth  of  respi- 
ration of  the  animal.     With   drugs  which  cause  these   changes  the  high  point 
on  the  record  is  sometimes  difficult  to  determine.     With  strychnine,  e.g.,  this 
point  is  hard  to  make  out  at  the  lop  of  the  record  wlien  convulsions  come  on 
but   with   a  little   experience  one   can    soon   make   a   very    cU^sc   api)njximation. 
vSince  each  saw-tooth  should  cover  only  one  to  three  minutes  and  the  amount 
j  injected  at  one  time  can   be   checked   up   immediately    with    the    following   saw- 
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tooth,    small   variations   due   to    respiratory   disturbances   can   only   cause   errors 
for  a  brief  time. 

The  form  of  anesthesia  used  with  this  apparatus  is  a  matter  of  some  con- 
cern. For  ordinary  purposes  when  dogs  are  used  a  small  dose  of  chloretone 
is  advisable.     In  addition  to  this  a  little  ether,  perhaps  two  or  three  cubic  centi- 


v.,,,^yrt•<«*~-.A^.««rJ^.y,l,,^^*w\^ 


!>>       ^^N4#V^.)^,VAf ^^,^^.J^»^^ 


SyiMu/\x<XuTyi- 


Fig.   5. 


meters,  may  be  injected  (from  a  burette)  into  the  pan.  A  perfectly  even  reg- 
ular anesthesia  should  then  be  maintained.  Ether  alone  may  be  used  but  there 
is  a  slight  source  of  error  in  this  since  when  the  amount  of  oxygen  in  the  pan  is 
small  (pan  down)  the  concentration  of  the  ether  vapor  breathed  may  be  greater 
than  when  more  oxygen  is  present  (pan  up).  This  might  be  sufficient  to  obscure 
some  of  the  readings.    In  a  few  experiments  I  have  used  the  apparatus  for  spinal 
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■dogs.  To  do  this  I  have  used  a  special  piece  of  apparatus-  which  1  inserted 
into  the  chest  (to  hold  the  walls  open  and  rigid)  and  then  negative  (inter- 
rupted) pressure  was  used  to  aspirate  the  chest  at  regular  intervals.  Artificial 
respiration  was  thus  carried  on  after  the  animal's  hrain  was  destroyed.  Per- 
haps this  method  might  be  used  to  investigate  a  number  of  problems  concerning 
metabolism  in  animals  in  which  the  central  nervous  system  plays  only  a  minor 
role,  or  perhaps  takes  no  part  at  all  if  both  brain  and  cord  are  destroyed. 

There  are  a  few  sources  of  error  which  may  be  present  in  this  method. 
As  indicated  in  the  article  referred  to  above^  some  carbon  dioxide  accumulation 


Fig.   6. 


may  occur  in  tlie  breathing  pan.  With  a  strong  fresh  solution  of  sodium  hydrate 
(which  must  always  be  cold  ivhcn  it  is  used)  this  does  not  appear  to  cause  any 
practical  disturbance  provided  the  absorbing  surface  of  the  hydrate  solution  is 
great  enough  (large  pan).  A  cold  solution  in  the  pan,  cold  water  in  the  trough 
(Fig.  2)  and  the  cold  metallic  walls  of  the  pan  (or  the  thin  rubber  bag  in  the 
apparatus  shown  in  Fig.  1)  serve  to  counteract  the  rise  in  temi)erature  which 
the  respired  air  might  otherwise  undergo.  The  careful  counterbalancing  of  liie 
breathing  pan  (or  of  the  weight  of  tlir  aluminum  disc  on  the  bath  cap)  ti)getlier 
wilh  the  large,  free,  open  spout  through  which  the  animal  breathes  serves  to 
reduce  to  a  minimum  any  mechanical  obstruction  to  the  respiration. 

liiere  are   some   interesting   and    obscuring   inlluences   which    certain   drugs 
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develop  within  the  animal  itself,  however,  and  while  these  may  sometimes  in- 
terfere with  the  use  of  this  method  for  determining  the  rate  of  oxygen  con- 
sumption, the  method,  on  the  other  hand  may  be  used  to  great  advantage  for 
studying  these  very  phenomena. 

Among  these  drug  reactions  should  be  mentioned  first  of  all  perhaps  the 
sudden  increase  in  the  rate  of  carbon  dioxide  excretion  which  a  rapid  increase 
in  the  rate  and  depth  of  respiration  may  bring  about.     In  a  brief  period  of  time 


Fig.    7. 


this  excess  of  CO.  will  affect  the  record  but  after  a  time  the  sodium  hydrate 
solution  appears  to  catch  up  in  its  rate  of  absorption.  Again  if  the  animal  sud- 
denly begins  to  breathe  deeply  the  expired  air  may  be  warmer  (more  expanded) 
than  before  and  an  excess  of  watery  vapor  may  be  thrown  off".  A  large  pan  and 
plenty  of  cold  solution,  etc.,  will  overcome  this  also  when  the  respiration  of  the 
animal  returns  to  normal.  Again  the  injection  of  a  drug  which  is  wholly  or 
partly  excreted  by  the  lungs  (e.g.,  sodium  sulphide,  after  which  small  amounts 
of  HoS  escape  in  the  breath)  as  a  gas  or  vapor  may  affect  the  record.     The  in- 
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jection  of  a  small  amount  (1/2  c.c.)  of  ether  from  the  burette  into  the  pan  may 
affect  the  record  at  once,  especially  if  the  temperature  of  the  room  or  pan  is 
moderately  high.  Presumably  this  would  also  be  noticed  after  the  intravenous 
injection  of  a  solution  of  ether,  although  I  h^ive  not  yet  tried  out  the  experiment. 


I'iK.    S. 


I  lie  gradual  lowering  of  the  vitality  of  the  animal  ( i)erhaps  Irom  the  ])ro]onged 
anesthesia)  in  a  long  cxi)erinKnt  may  also  show  as  a  gradual  progressive  reduc- 
tion in  the  amount  of  oxygen  consumed  per  minute. 

Fig.  5  illustrates  a  peculiar  phenomenon  brought  out  by  drugs  which  cause 
•marked  constriction   of  the  bronchioles.     b>om   tliis   tracing  it   will   be  seen   that 
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immediately  after  the  intravenous  injection  of  one  milligram  of  arecoline  hydro- 
bromide  there  was  a  sudden  drop  in  blood  pressure  (stimulation  of  the  inhibitory 
endings  of  the  vagi  in  the  heart)  and  a  marked  decrease  in  the  amplitude  of  the 


Fig.  9. 


respiratory  movements  (tracing  marked  "respiration").     A  brief  increase  in  the 
intestinal  contractions  also  occurred    (vagus  stimulation).     The  point  which  is 
mostly  to  be  emphasized  here,  however,  is  the  change  in  appearance  of  the  oxy- 
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gen  consumption  record.  The  ascending  curve  of  this  tracing  was  suddenly 
decreased  in  amplitude  (less  air  passing  into  and  out  of  the  lungs).  This  change 
might  be  due  wholly  or  in  part  to  a  depression  of  the  respiratory  center,  thereby 
•causing  a  decrease  in  the  respiratory  efiforts.     It  is  not  at  all  probable,  however. 


Fig.   10. 


that  this  is  the  main  cause  for  it  ran  easily  be  shown  ex|)iriiiuntally  lliat  lliis 
<lose  of  arccoline  will  greatly  constrict  the  bronchioles  and  this  lessens  tlie 
volume  of  air  which  the  lungs  will  hold.  It  seems  evident  then  tore  thai  this 
constnction  of  the  bronchioles  is  main))-  resi)onsi])'e  not  onl\-   for  the  decrease  in 
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amplitude  of  the  oxygen  tracing,  but  also  for  the  actual  fall  of  the  ascending- 
limb  of  the  oxygen  record.  This  action  of  arecoline  does  not  last  long,  however^ 
and  after  a  brief  period  the  oxygen  record  again  begins  to  ascend  in  the  usual 
fashion.  These  results  correspond  exactly  with  the  action  of  arecoline  on  the 
bronchioles.  And  this  sudden  change  in  the  ascending  limb  of  the  oxygen  record 
might  be  used  as  a  method  for  studying  the  action  of  broncho-constricting  drugs. 
It  is  possible  that  this  intense  broncho-constriction  may  hinder  the  absorption 


Fig.    11. 


of  oxygen  or  the  excretion  of  carbon  dioxide  by  the  lungs,  but  the  record  does 
not  perhaps  show  any  such  change  in  this  case.  And  on  the  basis  of  othei" 
experiments  (with  different  drugs),  and  since  the  animal  was  breathing  a  very 
high  percentage  of  pure  oxygen  I  am  inclined  to  suspect  that  the  broncho- 
constriction  did  not  appreciably  affect  the  gaseous  exchange  so  far  as  the  me- 
chanical  actions  were  concerned.  This  point  is  of  interest  in  consideration  of 
the  dyspnea  present  during-  the  paroxysmal  periods  of  bronchial  asthma.  Fig.  6- 
shows  the  action  of  four  milligrams  of  pilocarpine  (in  two  doses)  injected 
intravenously  into  the  same  animal.  Here  the  broncho-constriction  was  dis- 
tinctly present   but   less   marked  than   after   the  arecoline.      But    following  the 
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administration  of  the  drug  there  is  a  very  evident  change  in  the  rate  of  oxygen 
consumption  which  is  increased.  Possibly  this  is  due  to  the  great  increase  in 
the  flow  of  the  secretions  as  well  as  to  the  contractions  of  certain  groups  of 
smooth  muscle  which  followed  the  injection  of  the  drug.  In  this  case  although 
there  is  a  moderate  prolonged  broncho-constriction  produced  by  the  drug  there 
is  evidently  no  lessening  of  the  rate  of  oxygen  consumption.  This  again  is  of 
interest  in  consideration  of  the  dyspnea  present  during  the  paroxysmal  periods 
of  bronchial  asthma. 

In  reference  to  these  two  records  a  further  point  should  be  mentioned.  A 
number  of  observers,  especially  Haldane  and  Smith, ^  and  Bohr*  have  suspected 
that  gaseous  exchanges  at  the  surface  of  the  lungs  may  be  partly  controlled  by 
some  secretory  mechanism  w'hich  may  possibly  be  under  nervous  control.  And 
Dreser  has  shown  that  in  fishes  pilocarpine  will  cause  an  increased  secretion  of 
oxygen  into  the  swimming  bladder.  If  either  of  these  drugs  possess  any  such 
action  as  is  here  indicated  on  either  the  absorption  or  excretion  of  oxygen  or 
carbon  dioxide  by  the  lungs  of  dogs  the  records  obtained  by  this  method  might 
be  influenced  by  this  action. 

An  interesting  phenomenon  is  shown  in  Fig.  7  in  which  a  dose  of  "erga- 
mine"  (^-iminazolylethylamine)  was  injected  into  a  dog.  A  marked  broncho- 
constriction  must  have  been  produced  by  the  drug  and  this  usually  persists  for 
a  considerable  length  of  time.  The  evidence  of  the  constriction  is  seen  on  the 
oxygen  record  while  the  marked  and  prolonged  fall  in  blood  pressure  shows 
that  the  drug  was  producing  its  usual  effects.  In  spite  of  these  changes,  how- 
ever, the  rate  of  oxygen  consumption  undergoes  but  little  change  from  the 
normal.  This  again  reminds  one  of  the  changes  in  bronchial  asthma.  In  this 
tracing  the  blood  pressure  fell  to  approximately  one-third  the  normal  level 
(mercury  manometer)  but  this  had  only  a  minor  influence  on  the  oxygen  record. 

Figs.  8  and  9  show  the  action  of  sodium  cyanide  and  morphine  respectively 
on  the  rate  of  oxygen  consumption.  By  comparison  it  will  be  seen  that  while  in 
the  cyanide  tracing  the  blood  pressure  remained  well  up  to  the  normal  (after  the 
primary  fall),  in  the  morphine  record  the  pressure  was  only  about  one-half  as 
high  as  it  had  been  before  the  drug  was  injected.  Furthermore  the  rate  and 
depth  of  the  respiration  was  more  affected  (in  the  latter  part  of  the  tracing)  in 
the  morphine  experiment  than  in  the  cyanide  record.  Yet  the  changes  in  the 
relative  rate  of  oxygen  consumption  were  fairly  comparable  in  the  two  cases. 
A  comparison  of  Figs.  6,  7,  8  and  9  at  once  indicates  tliat  ihc  rate  of  oxygen 
consumption  in  the  animal  organism  is  not  only  influenced  in  very  different  ways 
by  various  drugs  but  that  within  fairly  wide  limits  the  rale  of  absorjition  of  oxy- 
gen by  the  lungs  (and  presumaljly  the  elimination  of  carlion  dioxide)  is  largely 
independent  of  the  height  of  the  blood  pressure,  of  the  rate  and  depth  of  the 
respiratory  movements  and  of  the  contraction  or  relaxation  of  the  bronchioles. 
Willi  reference  to  cyanides  I  may  add  thai  very  small  doses  do  not  a])preciably 
slow  the  rate  of  oxygen  consumption,  l>iit  im  the  other  hand  they  ajipear.  at 
least  in  some  instances,  to  actually  accelerate  the  consumption  of  the  gas."' 

In  Figs.  10  and  11  T  want  to  call  attention  briefly  to  a  pluMiomenon  which  1 
have  observed  a  great   nian\-   times  allliou.^h   in  other   instances   1    lia\-c   tailed   to 
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obtain  it.  This  consists  in  what  appears  to  be  a  brief  slowing-  down  of  the  rate 
of  oxygen  consumption  immediately  after  the  intravenous  injection  of  a  fairly 
large  dose  of  adrenaline.  A  large  number  of  investigators  have  discussed  the 
action  of  adrenaline  on  the  metabolism  of  the  body,  especially  in  connection  with 
the  relation  which  the  drug  may  have  to  the  production  of  glycosuria,  or  to  the 
oxidation  of  carbohydrates  in  the  body.  Among  these  may  be  mentioned  Blum,^ 
von  Xoorden,"  \\'ilenko,^  Edmunds,^  Lusk,"'  Macleod,^^  and  many  others.  I  am 
inclined  to  believe,  however,  that  none  of  these  investigators  have  had  in  mind 
exactly  the  point  which  I  mention  here.  It  will  be  observed  from  the  tracings 
that  the  first  one  (or  two)  saw-tooth  notches  following  the  injection  (intra- 
zrnoiis)  of  a  good  sized  dose  of  adrenaline  are  longer  than  either  the  normal 
notches  or  the  notches  which  follow  later  after  the  action  of  the  drug  wears  ofif. 
AMiile  I  have  sometimes  failed  to  obtain  this  result  still  I  believe  that  under 
perfectly  satisfactory  conditions,  and  when  the  animal  is  strong  and  vigorous, 
this  result  should  always  be  produced.  I  need  not  attempt  any  explanation  of 
the  phenomenon  for  the  present.  The  vascular  constriction  over  a  considerable 
part  of  the  body  for  a  brief  period  might  cause  such  a  result.  And  the  dilating 
action  which  the  drug  exercises  on  the  bronchioles  may  also  be  concerned  in 
some  way  for  this  dilation  passes  away  as  the  action  on  the  blood  pressure  ceases. 
It  appears  that  the  period  of  slower  oxygen  consumption  (if  the  phenomenon  is 
really  due  to  this)  corresponds  more  directly  with  the  period  during  which  the 
action  of  the  drug  is  passing  oft',  i.e.,  while  the  blood  pressure  is  falling  and  for 
a  few  moments  thereafter.  Cannon^-  and  his  co-workers  have  recently  empha- 
sized the  action  which  adrenaline  has  on  muscular  contraction  and  on  the  stimu- 
lation threshold  of  fatigued  muscle.  I  should  not  be  surprised  if  in  the  long  run 
the  phenomena  observed  by  Cannon  and  his  associates  are  found  to  be  rather 
intimately  related  to  the  action  of  adrenaline  on  oxygen  consumption  which  I 
have  here  indicated. 
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STUDIES  OF  THE  TISSUE  REACTIONS  TO  VARIOUS  PRODUCTS  OF 
THE  TUBERCLE  BACILLUS.* 


By  Punn  F.  Morse,  M.D.,  and  Ethel  Stott. 


THE  histological  structure  of  the  tubercle  is  unique  in  that  it  is  almost  the 
only  specifically  characteristic  tissue  reaction  to  injury.  Hosts  of  injurious 
agents  cause  lesions  and  tissue  reactions  more  or  less  alike.  The  streptococcus, 
the  colon  bacillus,  and  various  chemical  substances  all  cause  tissue  reactions 
grouped  under  the  head  of  various  inflammatory  phenomena  but  the  specific 
presence  of  none  of  these  agents  can  be  affirmed  or  denied  on  the  grounds  of  the 
tissue  reaction  alone.  Even  the  spirocheta  pallida,  while  its  various  lesions  are 
often  characteristic  and  capable  of  positive  diagnosis  from  their  histolog}^  many 
times  causes  lesions  not  at  all  typical  enough  histologically  to  make  them  pos- 
itively diagnosable.  Lacking  the  organism  itself,  in  the  picture,  as  in  actinomy- 
cosis or  blastomycosis,  or  some  product  of  its  growth  as  the  cyst  of  echinococcus, 
the  histologist  has  practically  two  infectious  conditions  which  he  can  positively 
diagnose  from  the  appearance  of  the  tissue  reaction,  namely,  tuberculosis  and 
leprosy. 

The  interest  in  this  point  of  view  was  stimulated  by  our  receiving  in  the 
laboratory  some  tissue  from  a  patient  who  had  had  her  face  injected  with  paraf- 
fin for  prosthetic  purposes  after  mechanical  injury.  There  appeared  at  the  site 
of  injection,  lumpy  tumors  in  the  areolar  subcutaneous  tissue.  These  were 
removed  and  we  were  impressed  by  the  fact  that  they  were  strikingly  like  young 
tubercles  in  structure.  They  consisted  of  avascular  epithelioid  granulations  con- 
taining giant  cells.  Discussion  of  the  subject  with  Dr.  V.  C.  Vaughan.  jr., 
recalled  the  fact  that  he  had  held  for  a  long  time  that  the  tubercle  was  the 
product  of  a  foreign  body  reaction  and  not  a  reaction  to  a  living  organism  pri- 
marily. This  suggested  the  relationship  of  ]iaraffin  to  the  tubercle  bacillus  in 
that  they  were  both  waxy  bodies;  and  this  work  was  undertaken  to  study  these 
reactions, 

THE   LITER.VTURE. 

The  mechanism  of  the  formation  of  the  tubercle  has  been  a  subject  iov  inves- 
tigation for  a  long  time.  Wyssokowicz,^  cited  by  Masur,-  found  that  tubercle  bacilli 
were  present  and  stainable  in  the  tissues  as  long  as  one  month  after  the  injection 
and  that  epithelioid  giant  cells  were  grouped  around  ihem  in  the  liver.  Koch' 
found  that  dead  tubercle  bacilli  caused  aseptic  pus  ujton  subcutaneous  inoculation. 
ISuchner'  believed  that  the  albuminates  of  the  bacteria  were  responsible  for  the 
lesions.  Mafucci'  did  a  large  number  of  experiments  inoculating  killed  tubercle 
bacilli  subcutaneously  with  the  result  that  the  animals  died  several  months  later 
with  a  general  marasmus,  atro])]))'  of  all  organs  with  stasis  of  lungs,  li\i'r.  kidneys 
and  spleen.  There  was  a  large  ([uantity  of  pigment  in  the  spleen.  \\  bile  Malucci 
ascribed  these  deleterious  results  of  the  injection  of  dead  tubercle  bacilli  to  toxic 

*I'"roiii    the    Itulil     I,;i1)i)iat<)ry    (if    Harper    Hospital,    Dilrnit. 
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substances,  Prudden  and  Hodenpyr'  worked  with  cultures  which  were  carefully 
washed  and  then  heated  for  a  long  time  in  water  or  five  per  cent  glycerin.  The 
■dead  bacilli  were  then  freed  from  all  water-soluble  metabolic  products.  Sub- 
cutaneous injection  caused  aseptic  pus.  and  intraperitoneal  injection  caused 
nodules  on  the  serous  surfaces  similar  to  miliary  tubercles  but  no  caseation  took 
place.  When  intravenously  injected  a  part  of  the  animals  died  of  malnutrition  in 
the  third  week  and  the  rest  died  after  longer  periods.  After  three  or  four  days, 
the  bacilli  were  evenly  distributed  throughout  the  organs,  lung,  liver  and  spleen. 
From  the  fifth  day  on  there  formed  in  the  lungs  numerous  white  nodules  which 
microscopically  were  typical  of  tubercles  and  contained  bacilli  which  stained 
well.  Similar  pictures  were  found  in  the  liver.  Four  to  six  weeks  after  the 
inoculation,  the  lungs  of  the  animals  were  exactly  similar  to  those  in  which 
virulent  bacilli  had  been  introduced.  The  bacilli  began  to  disappear  in  the  later 
weeks  and  became  granular.  They  obtained  like  results  by  spraying  the  trachea 
Avith  dead   cultures. 

From  these  findings,  Prudden  and  Hodenpyl  concluded  that  apparently  the 
protoplasm  of  tubercle  bacilli  contained  poisons  which  cannot  be  extracted  by 
the  usual  methods  but  which  are  set  free  in  the  animal  body  and  act  with  positive 
chemotaxis  on  the  animal  tissue  causing  the  formation  of  the  nodules. 

Straus  and  Gamaleia^  record  substantially  the  same  results  as  Prudden  and 
Hodenpyl,  finding  that  dead  tubercle  bacilli  could  form  perfect  tubercles. 

Only  once  in  the  literature  am  I  able  to  find  the  idea  specifically  stated  that 
the  tissue  reaction  to  the  tubercle  bacillus  is  that  of  a  foreign  body.  Vissman,** 
while  agreeing  in  the  main  with  Prudden  and  Hodenpyl,  and  with  Straus  and 
Gamaleia  in  regard  to  the  lesions  produced,  showed  that  these  lesions  were  the 
same  whether  the  bacteria  were  killed  in  their  own  water  of  condensation  or  by 
heating  in  Ehrlich's  fuchsin  solution  and  comes  to  the  conclusion  that  the 
tubercle  bacillus  is  a  poiverfuUy  stimulating  foreign  body.  Like  Prudden  and 
Hodenpyl,  Vissman  was  not  able  to  produce  caseation. 

Masur^  reviews  the  previous  literature  and  sums  up  the  whole  matter  in 
the  following  conclusions : 

1.  Dead  tubercle  bacilli  injected  intravenously  cause  either  a  severe  gen- 
eral disease  or  death  of  the  animal. 

2.  There  are  constantly  found  in  injected  animals,  tubercle-like  nodules 
in  the  lungs  with  giant-cells  but  without  caseation,  further,  a  more  or  less  severe 
chronic  interstitial  pneumonia. 

3.  A  part  of  the  animals  used  show  catarrhal  pneumonia  processes  in  the 
lungs,  inflammatory  changes  of  varied  sort  in  the  kidneys,  pigment  deposits  on 
the  spleen  and  disease  of  the  vessels. 

4.  It  is  not  important  in  what  manner  the  bacilli  are  killed. 

5.  The  organ  changes  as  a  Avhole,  are  apparently  dependent  upon  the 
influence  of  toxic  substances  which  are  liberated  by  the  disintegration  of  the 
tubercle  bacillus. 

AbeP  believes  that  a  body  was  set  free  from  the  bacteria  by  the  tissues 
Avhich  acted  as  an  irritant  and  caused  the  tubercle. 

Gamaleia^  occasionally  obtained  some  caseation  and  believed  that  casea- 
tion did  not  occur  because  the  animals  died  too  quickly.     He  believed  that  the 
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bacilli,  in  addition  to  their  chemotactic  effect  on  the  body  cells,  contained  a  de- 
structive poison. 

Grancher^°  showed  that  the  effect  of  injected  killed  avian  tubercle  bacilli  in 
rabbits  was  to  cause  typical  peritoneal  tuberculosis. 

Koslenitsch^-  showed  that  injection  of  sterilized  tubercle  bacilli  into  the 
anterior  chamber  of  a  rabbit's  eye  either  caused  pus  or  after  four  to  eight  weeks, 
nodules  in  the  iris  which  consisted  of  epithelioid  tissue  and  a  few  giant  cells. 
The  nodules  did  not  caseate  and  contained  bacilli. 

W'eyl^^  was  apparently  the  first  to  attempt  an  analysis  of  the  effects  of 
chemically  separate  constituents  of  the  dead  bacilli.  He  obtained  two  bodies 
from  the  tubercle  bacillus,  one  of  indifferent  nature  which  had  the  tinctorial 
properties  of  the  bacteria  and  the  other  a  toxomucin  which  upon  subcutaneous 
injection  caused  dry  necrosis  of  the  skin. 

Grancher  and  Martin^^  found  in  their  efforts  to  immunize  animals,  that  after 
injection  of  ver}'  old  cultures  of  tubercle  bacilli  the  animals  frequently  died  of 
parenchymatous  nephritis.  This  result,  as  well  as  the  occasional  appearance  of 
paraplegia  and  cachexia  was  ascribed  to  a  toxic  substance  in  the  body  of  the 
bacillus. 

It  is  evident  from  these  references  that  the  preponderant  opinion  of  investi- 
gators has  been  that  the  histological  lesion  caused  by  the  tubercle  bacillus  was 
due  to  a  poison  liberated  from  the  body  of  the  bacillus  by  action  of  the  tissue 
cells.  To  test  these  ideas,  the  bacilli  were  grown  in  mass  culture  on  ten  per  cent 
glycerin  bouillon  in  three  or  four  liter  Erlenmeyer  flasks.  After  a  thick  pellicle 
had  formed  the  flasks  were  autoclaved  and  the  growth  obtained  by  filtering  off 
the  bouillon  and  washing  the  residue  with  cold  water.  The  sterile  growth  was 
dried  over  sulphuric  acid  in  the  desiccator  and  then  ground  to  a  powder.  The 
powder  was  extracted  in  two  fractions.  Ether  was  first  added  and  the  mixture 
kept  in  the  ice  box  for  twenty-four  hours  and  then  the  ether  filtered  off.  Evap- 
oration of  the  ether  extract  yielded  a  thick  brown  oil  which  soon  became  green 
by  exposure  to  light  and  air.  The  residue  after  ether  extraction  was  dried  in  air 
and  extracted  in  a  reflux  condenser  in  boiling  alcohol  for  one-half  hour,  filtered 
hot  and  the  filtrate  evaporated.  The  residue  consisted  mostly  of  protein  germ 
substance  and  remains  to  be  investigated. 

The  evaporated  filtrate  from  the  boiling  alcohol  extract  yielded  a  light 
yellow  wax-like  substance  darkened  slightly  to  a  reddish-brown  on  standing 
(impurities?).  These  two  lipoid  substances  were  tested  separately  for  their 
effects  upon  rabbits,  and  white  rats.  Rats  were  injected  with  quantities  varying 
from  0.25  to  1.0  c.c.  intraperitoneally  and  in  the  groin.  The  animals  were 
killed  at  intervals  of  three  days  to  four  weeks  after  injection  by  putting  them  in 
a  small  chamber  and  turning  in  illuminating  gas.  They  stopped  breathing  within 
thirty  seconds,  although  the  heart  was  usually  beating  at  the  autopsy. 

The  dark,  viscous  oil  extracted  by  cold  ether  prcxhiccd  no  lesions  at  any 
time.  It  was  injecterl  intraperitoneally  and  suhcutaneously  in  the  rat's  groin 
and  after  the  initial  inflammatory  reaction  had  subsided  the  tissue  was  normal 
again.  Intravenously  in  rabbits,  doses  shf)rt  of  the  production  of  severe  pul- 
monary embolism  ])roducc(l  no  lesions  whatever. 
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Fig.   2. — Epithelioid   tubercle    four    weeks   after   intravenous    injection    of   waxy    juljj-tance. 
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Fig.  3. — Epithelioid  tubercle  with  giant  cells  in  rabbit's  lung  four  weeks  after  intravenous  injection 
with  waxy  substance  from  tubercle  bacillus. 


Fig.   4.— Giant  cell   formation   in   (.■|iitlHlir)i(l  lesion   ihu-  to  waxy  substance   fn>tM  tnliciclc   bacillus. 
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Effects  produced  by  the  waxy  substances  can  be  divided  into  early  and  late 
lesions.  The  wax  was  injected  in  doses  of  0.25  to  1  c.c.  in  the  same  manner 
as  the  oily  substance.  The  initial  vascular  reaction  was  not  great,  but  in  about 
twenty-four  hours  the  site  of  injection  was  found  to  be  indurated  and  swollen 
and  if  opened  at  this  time,  a  serous  exudate,  containing  many  eosinophile  cells, 
had  formed  around  the  wax  droplet. 

The  substance  was  introduced  into  the  lung  of  the  rabbit  both  dissolved 
in  olive  oil  and  warmed  until  fluid  enough  to  flow  through  a  syringe.  In  all 
cases,  the  wax  was   sterilized  carefully  and  injected  aseptically.     Most  of  the 
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Fig.    5. — Nodules  in   right   groin   two  weeks   after   subcutaneous   injection    of   tubercle    waxes. 

substance  lodged  in  the  capillaries  near  the  outer  margins  of  the  lung  in  the 
lower  lobe  as  in  experimental  fat  embolism.  At  times,  where  a  large  dose 
was  given  too  rapidly,  a  large  enough  embolus  was  introduced  to  produce  in- 
farction of  a  portion  of  a  lower  lobe ;  usually,  however,  a  few  hours  after  in- 
jection examination  showed  only  intense  edema  and  blanching  of  the  margins. 
In  twenty-four  hours  polymorphonuclears  were  abundant  and  the  tissue  biased 
with  eosinophiles  when  stained  with  hematoxylin  and  eosin.  The  wax  appeared 
not  to  produce  any  marked  degree  of  thrombosis.  Once  in  a  lesion,  three  days' 
old  with  a  good  sized  infarct,  an  induced  thrombus  was  observed. 
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The  lesions  in  the  lung  were  most  interesting  at  the  end  of  three  days. 
By  this  time,  endothelial  proliferation  was  very  active  and  whole  areas  of  the 
lung  tissue  were  filled  in  solid  with  endothelium,  polymorphonuclears,  and  eosino- 
phile  leucocytes.  There  was  considerable  fibroblastic  reaction  also  (Fig. 
8,  A).  The  endothelium  on  the  capillaries  which  were  distended  by  the  wax 
first  swelled  up  and  projected  into  the  lumen  soon  obliterating  the  capillary  and 
forming  a  syncytial  mass  with  many  dividing  endothelial  cells  (Fig.  8,  A  and  B). 
This  method  of  occlusion  of  capillaries  is  interesting  in  view  of  the  fact  that 
it  gives  a  possible  explanation  of  the  avascularity  of  a  tubercle. 


Fig.   6.  —  Tiitiaperitoneal   lesions   two  weeks   after  injection   of   tnbeicle   waxes. 

The  usual  method  of  vascular  obliteration  assumed  heretofore  has  been 
that  the  growing  bacillus  quickly  injures  the  endothelium  of  the  capillaries  in 
the  infected  area,  leading  to  tiiromliosis  with  subse(|uent  organization.  This 
view  docs  not  seem  justified  inasmuch,  as  the  peculiar  type  of  granulation  tis- 
sue characteristic  of  tuberculosis  is  avascular  from  the  start  and  consists  pri- 
marily of  endotbclial  whirls.  1  believe  that  whatever  tendency  to  the  forma- 
tion of  vascular  capillary  buds  there  may  be  is  subverted  by  the  unusual  stinuilus 
driving  the  endothelium  to  proliferate,  thereby  obliterating  the  endothelial  cords 
and  changing  them  to  a  syncytial  mass  (Fig.  8,  A). 
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The  development  of  the  whirls  of  the  endothelial  cells  now  progresses  until 
the  wax  is  entirely  walled  off  and  the  lesion  reaches  its  full  development  in 
about  four  weeks  (Figs.  1,  2,  3.  and  4). 

There  were  found  in  the  subcutaneous  lesions,  lumpy  masses  filled  with 
yellow  purulent  material  surrounded  by  avascular  epithelioid  granulation  tis- 
sue containing  giant  cells.  The  contents  of  these  softened  areas  were  never 
caseous  but  either  purulent  or  filled  in  solid  in  the  smallest  ones  with  granula- 
tion tissue  of  the  characteristic  type  (Fig.  5). 


Fig.  7. — Low  power.     Ratsbit's  lung  four  weeks  after  intravenous  injection  of  wax-like  substance  of 

tubercle   bacillus. 


In  the  peritoneum  (Fig.  6)  the  lesion  presented  a  typical  appearance  at 
the  end  of  two  weeks.  The  omentum  was  stretched  transversely  in  a  roll 
below  the  stomach  or  twisted  and  adherent  to  various  portions  of  the  ab- 
domen. There  were  numbers  of  little  white  spots  like  miliary  tubercles  which 
microscopically  were  found  to  consist  of  epithelioid  whirls  without  blood  vessels. 
The  surface  of  the  liver  showed  tiny  white  points  and  the  lower  margin  was 
covered  by   an  organized   exudate. 

The  resulting  picture  in  the  rabbit's  lung,  after  four  weeks,  was  most  con- 
slant  (Figs.  1,  2,  3,  4,  and  7).     All  the  signs  of  acute  inflammation  were  gone. 
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Fig.  8. 
/}.     Rndotholial   syncytium.      Showing   dividing   endothelial    cell    and    .nsinophiles.      ICarly   lesion. 

B.  Cai)dlary  after  injection  of  wnxdike  substance  showing  Ijeginning  endothelial  ohliteration  of  vessel. 

C.  Late  lesion.     Avascular  epillulioid   tul)crcle  four  weeks  after  injection   of   waxdike  substance. 
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The  leucocytes  and  eosinophiles  had  ahnost  disappeared.  Scattered  irregularly 
throughout  the  lung  were  typical  structures  consisting-  of  avascular  epithelioid 
whirls  of  granulation  tissue  (Figs.  2,  3,  and  7).  There  was  an  increase  of  con- 
nective tissue  in  the  lung  as  a  whole,  evidenced  by  the  thickening  of  the  septa. 
The  areas  did  not  undergo  caseation  and  were  well  walled  ofif  by  young  fibroblasts 
(Fig.  8,  C),  as  one  would  expect  in  a  non-progressive  condition.  At  this  time. 
giant  cells  were  numerous  (Figs.  3  and  4)  formed  by  fusion  of  the  epithelioid  cells. 
The  wax  had  not  yet  disappeared,  but  was  still  present  in  giant  cells  and  in  tissue 
spaces  surrounded  by  avascular  granulation. 

The  animals  never  showed  cachetic  phenomena  or  other  abnormalities  through 
the  experiments.  The  wax  is  apparently  totally  devoid  of  toxic  properties. 
\\'hether  either  the  oily  substance  or  the  wax  is  a  single  substance  or  a  mixture 
of  several  substances  has  not  been  determined.  The  word  wax  has  been  used 
entirely  in  the  physical  and  not  in  the  chemical  sense  throughout  this  article. 

These  results  have  suggested  the  problem  of  more  careful  chemical  separa- 
tion of  all  the  constituents  possible  from  the  tubercle  bacillus  with  separate  test- 
ing of  their  tissue  reactions. 

The  literature  on  the  chemical  side  of  the  subject  is  not  given  liere  since  it 
does  not  pertain  to  this  mechanical  portion  of  the  "Arbeit."  In  these  lesions,  like 
all  those  produced  by  the  whole  dead  bacillus  caseation  never  occurred.  Whether 
actual  necrosis  can  be  accomplished  in  this  way  or  not  is  doubtful.  The  ability 
to  cause  the  tissue  to  die  is  possibly  an  attribute  of  the  living  bacillus.  The  role 
of  the  possibly  unsaturated  fatty  substances  of  the  bacillus  in  preventing  the  di- 
gestion of  the  dead  tissue  by  leucoproteases  as  suggested  by  Petersen  and  Jobling 
is  a  promising  subject  for  investigation. 

The  frequency  of  appearance  of  tubercles  in  organs  having  a  large  amount 
of  endothelium  in  their  structure,  such  as  lymph  nodes,  lung,  liver  and  spleen, 
may  be  something  more  than  a  mechanical  coincidence.  Klotz^^  has  shown  that 
olive  oil  used  as  a  menstrum  for  cholesterol  injections  has  a  tendency  to  cause 
selectively  a  proliferation  of  the  endothelium. 

It  seems  clear,  however,  from  this  short  series  of  experiments,  that  the 
tubercle  bacillus  produces  a  microscopically  characteristic  lesion  not  because  it 
is  a  living  particulate  protein,  but  because  its  waxy  substances  act  as  a  peculiar 
type  of  foreign  body. 
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TONSILLECTOMY    DURING   THE   COURSE   OF  ACUTE   RHEUMATIC 

FEVER.* 


By  Roger  S.  Morris,  M.D.,  Cincinnati. 


THERE  is  a  considerable  group  of  workers  who  hold  that  the  tonsils  should  be 
removed  as  a  routine  procedure  in  all  cases  of  chronic  infectious  arthritis,  in 
which  the  origin  of  the  infection  is  at  all  obscure.  The  law  of  probabilities  is 
here  relied  on,  for  it  is  the  experience  of  many  that  the  tonsils  harbor  the  focus 
of  infection  more  often  than  other  parts  of  the  body.  And  it  is  probably  safe  to 
conclude  that  all  who  painstakingly  follow  this  rule  in  chronic  infectious  arthri- 
tides  have  seen  brilliant  results,  not  in  all  cases  nor  even  in  a  majority  of  them, 
but  nevertheless  in  a  sufficient  proportion  to  justify  the  procedure.  Even  when 
the  operation  fails  to  bring  the  hoped  for  relief,  we  have  no  proof,  in  the 
absence  of  animal  inoculations,  that  it  was  not  indicated,  for  the  work  of  Rosenow 
and  others  has  shown  the  frequency  w'nh  which  multiple  foci  of  infection  are 
encountered.  So,  too,  many  of  us  are  having  tonsils  removed  in  cases  of  recur- 
ring endocarditis,  myalgia,  and  so  on. 

The  present  paper  deals,  however,  not  with  tonsillectomy  in  chronic  infectious 
arthritis,  but  with  its  value  in  acute  rheumatic  fever,  a  field  in  which,  so  far 
as  I  am  aware,  the  indications  for  the  procedure,  its  dangers,  and  the  possible 
benefits  to  be  derived  from  it  are  not  so  generally  appreciated.  Our  own  experi- 
ence is  limited  to  a  small  but  encouraging  group  of  cases. 

It  is  a  generally  accepted  clinical  fact,  first  noted  by  Eyerlen^  in  1798,  that 
acute  rheumatic  fever  is  very  frequently  preceded  by  acute  tonsillitis.  The 
association  is  of  such  common  occurrence  that  for  years  the  tonsils  have  been 
looked  upon  as  one  of  the  portals  of  entry  of  the  infection.  Not  only  in  primary 
attacks  of  acute  rheumatic  fever,  but  also  in  subsequent  attacks,  it  is  a  common 
experience  to  obtain  a  history  of  sore  throat  or  acute  tonsillitis  as  the  initial 
event  in  the  illness.  The  arthritis  or  endocarditis,  chorea  or  erythema  nodosum 
then  follows  in  a  comparatively  short  time  after  the  onset  of  the  throat  symptoms. 
In  other  words,  it  is  often  evident  that  the  rheumatic  cycle  begins  with  manifes- 
tations of  tonsillar  infection. 

The  frequency  with  which  acute  rheumatic  fever  is  preceded  by  sore  throat 
is  variously  estimated.  Pribranr  finds  it  in  only  1.5  per  cent  of  cases.  Dieulafoy^ 
says  it  occurs  in  at  least  a  third  of  all  cases.  Others  find  evidence  of  tonsillitis, 
acute  or  chronic,  in  as  much  as  80  per  cent  of  the  cases. 

It  is  evident  from  a  perusal  of  the  literature  and  also  from  clinical  experi- 
ence that  the  history  given  by  the  patient  is  often  unreliable.  The  local  symptoms 
in  the  throat  are  so  mild  oftentimes  that  little  attention  is  given  to  them.  Fur- 
thermore, there  may  be  serious  disease  in  or  about  the  tonsils,  with  little  or  no 
local  manifestations.  Simple  inspection  of  the  throat  may  not  be  sufficient  in 
many  cases  to  detect  the  trouble.  It  is  significant  that  recent  writers,  employing 
more  thorough  methods  of  examination  of  the  tonsils,  find  these  organs  diseased 

*From   the   Cincinnati   General   Hospital. 
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as  a  rule  in  a  much  higher  percentage  of  cases  of  acute  rheumatic  fever  than 
was  formerly  the  case. 

It  is  not  presumed,  of  course,  that  the  tonsils  are  the  only  portal  of  entry 
or  depot  of  infection  in  acute  rheumatic  fever.  Indeed,  there  is  good  clinical 
evidence  to  the  contrary.  Abrasions  in  the  mucosa  of  the  nose  have  been  fol- 
lowed by  acute  polyarthritis  with  or  without  endocarditis  in  a  number  of  in- 
stances. Such  cases  are  recorded,  among-  others,  by  M.  Senator,*  de  Stella,  and 
von  Kronenberg.  Goadby^  and  others  report  cases  of  acute  polyarthritis  orig- 
inating from  pus  pockets  about  the  teeth.  Mackenzie"  believes  the  virus  may  gain 
access  to  the  body  of  children  at  times  by  way  of  the  bronchial  or  intestinal 
mucosa.  But  all  are  apparently  agreed,  at  the  present  time,  that  the  most  fre- 
quent portal  of  entry  and  focus  of  infection  is  to  be  found  in  the  faucial  tonsils. 

Given,  now,  a  case  of  acute  articular  rheumatism,  there  can  be  no  hesita- 
tion regarding  the  proper  medicinal  therapy,  i.  e.,  salicylic  acid.  Fortunately  or 
unfortunately,  the  joint  symptoms  of  the  great  majority  of  cases  respond  promptly 
to  this  drug  or  its  derivatives.  But  the  question  naturally  arises,  is  one's  duty  to 
the  patient  discharged  when  the  acute  arthritis  has  been  controlled?  Is  the 
patient,  in  other  words,  fully  protected  by  the  relief  of  his  symptoms — his  joint 
pains?  It  is  universally  known,  of  course,  that  such  is  not  the  case.  In  no 
disease  are  complications  of  commoner  occurrence  than  in  acute  rheumatic  fever. 

Osier's"  statements  regarding  the  frequency  of  complications  in  rheumatic 
fever  give  a  good  general  idea  of  their  prevalence,  though  there  is  probably 
considerable  deviation  from  the  general  averages  at  times,  endocardial  infection, 
for  example,  being  apparently  much  commoner  some  years  than  others.  Endo- 
carditis, resulting  eventually  in  chronic  valvular  disease,  occurred  in  more  than 
50  per  cent  of  889  cases  analyzed  by  Church,'^  while  it  was  found  in  about  the 
same  proportion  of  116  of  Mackenzie's  cases  in  the  first  attack,  in  71  per  cent 
during  the  third  attack.  Romberg  found  58.5  per  cent  of  670  cases  of  endocar- 
ditis attributable  to  rheumatism. 

Pericarditis,  while  not  unusual,  is  met  with  much  less  often  than  endocarditis. 

Myocardial  changes  are  almost  inevitable  with  either  peri-  or  endocarditis. 

Pneumonia   and   pleurisy   occur   in   about    10  per   cent   of  cases. 

Other  complications  are  rarer.  But  it  is  clear  that  while  salicylic  acid  is 
usually  efficacious  in  relieving  the  arthritis,  it  is  practically  powerless  in  con- 
trolling the  infection  in  other  parts-  of  the  body. 

It  is  such  considerations  as  these  which  have  led  many  to  look  upon  the 
complications  not  as  such  but  rather  as  parts  of  the  disease  picture.  To  Giirich,"" 
I  believe,  belongs  the  credit  of  emphasizing  the  probability  that  in  acute  rheumatic 
fever  joint  symptoms  and  the  so-called  complications  are  all  the  result  of  metas- 
tatic infections  from  a  primary  focus  elsewhere  in  the  body.  And  if  one  is  to 
accept  this  conception  of  the  disease,  the  therapy  can  no  longer  consist  merely 
in  the  administration  of  salicylates,  the  api)lication  of  local  treatment  to  the 
joints,  and  rest  in  bed. 

The  first  to  attempt  systematic  treatment  of  acute  rheumatic  fever  through 
tile  tonsils  appears  to  be  Guricli,"'^  who,  in  1904,  reported  seventeen  cases.  TweK  e 
of  ills  patients  had  more  or  less  severe  tonsillitis,  and  four  had  peritonsillar 
abscesses  preceding   tlie   ai)pearance   of   the   acute   arthritis.      In    fourteen   of   the 
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cases  plugs  were  seen  in  the  crypts.  He  cites  a  few  illustrative  cases  of  acute 
rheumatic  fever  which  were  cured  rather  promptly  by  local  treatment  of  the 
tonsils,  but  he  does  not  say  what  proportion  of  the  patients  were  benefited. 
Enucleation  of  the  tonsils  was  not  done. 

In  the  following  year,  Giirich^'^  published  a  small  monograph  dealing  with 
one  hundred  and  forty  cases  of  arthritic  affections,  subjected  to  the  so-called 
tonsillar  therapy.  Fifteen  of  these  cases  are  discarded,  as  the  patients  began 
treatment  but  left  for  one  reason  or  another  before  the  treatment  was  completed. 
Of  the  remaining  one  hundred  and  twenty-five  cases,  twenty-three  were  entirely 
unafifected  by  treatment  of  the  tonsils,  which  consisted,  as  in  his  previous  report, 
of  making  parallel  incisions  through  the  tonsils  as  early  as  possible,  and  within 
one  to  two  weeks,  curetting  away  what  remained  of  the  tonsils.  Ninety-eight 
of  the  patients,  he  says,  were  finally  cured  by  this  treatment.  His  series,  ap- 
parently, was  not  limited  to  cases  of  acute  rheumatic  fever  but  included  also 
cases  of  chronic  infectious  arthritis.  The  proportions  of  these  diseases  are  not 
stated. 

In  1908,  Rosenheim^"  reported  ten  cases  of  acute  articular  rheumatism  in 
whom  tonsillectomy  was  performed,  two  to  six  or  more  weeks  following  the 
onset  of  the  acute  arthritis.  All  were  improved,  the  arthritis  subsiding  promptly 
in  a  number  of  instances.  From  the  abstracts  of  histories,  it  appears  that  in 
no  case  did  endocarditis  develop  subsequent  to  operation.  Streptococci  were 
found  in  all  of  the  tonsils  removed,  in  the  majority  of  instances  in  pure  cultures. 
No  early  operations  were  performed.  As  far  as  I  can  discover,  Rosenheim  is 
the  first  to  enucleate  the  tonsils  in  acute  rheumatic  fever. 

Hess,^^  in  the  following  year,  called  attention  to  the  frequency  of  tonsillitis 
in  acute  rheumatic  fever.  Acute  follicular,  phlegmonous  or  catarrhal  tonsil- 
litis or  quinsy  may  usher  in  the  attack.  The  author  also  emphasizes  the  im- 
portance of  chronic  inflammation  of  the  tonsils  in  the  etiology  of  the  disease. 
Hess  does  not  resort  to  surgical  treatment  of  the  tonsils  in  all  cases.  He  gives 
no  statistics  of  his  own  experience. 

Schichhold,^-  in  1910,  reported  a  series  of  seventy  cases  of  acute  rheumatic 
fever  treated  by  Giirich's  method.  In  practically  all  of  his  cases,  thorough  exam- 
ination of  the  tonsils  showed  evidence  of  disease.  He  called  attention  to  the 
importance,  too,  of  looking  for  other  foci  of  infection,  such  as  the  sinuses  or 
teeth.  Schichhold  made  incisions  in  the  tonsils,  as  a  rule,  and  later  removed 
them,  using  Giirich's  method.  Subsequent  to  the  incision,  there  was  often  imme- 
diate improvement  in  the  joints,  with  a  return  of  the  symptoms  in  two  or  three 
days,— a  reaction  which  Giirich  had  noted.  At  the  time  the  joint  symptoms  sub- 
sided, the  temperature  usually  fell ;  there  was  then  a  rise  for  two  or  three  days, 
followed  again  by  a  fall.  The  second  operation  caused  little  reaction.  The 
author  strongly  recommends  the  tonsillar  treatment  of  acute  articular  rheuma- 
tism. His  impression  is  that  recent  endo-  and  myocarditides  heal  more  quickly 
after  the  operation  on  the  tonsils. 

Curschmann^^  cites  cases  of  septicemia  and  of  acute  nephritis  secondary  to 
tonsillar  infections,  but  he  believes  Giirich  and  Schichhold  go  too  far  in  saying 
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that  practically  all  cases  of  acute  recurring  polyarthritis  should  undergo  tonsil- 
lar  treatment. 

A  few  other  case  reports  are  to  be  found  in  the  literature,  which  support 
the  frequency  of  the  tonsillar  origin  of  acute  rheumatic  fever. 

The  tendency  has  been,  I  believe,  to  defer  the  operation  until  the  patient 
has  recovered  from  his  illness — to  perform  what  might  be  termed  an  interval 
operation,  both  as  regards  arthritis  and  tonsillitis.  •  A  priori,  it  would  seem  that 
there  are  certain  dangers  in  deferring  the  operation.  For,  if  the  tonsils  are  the 
focus  of  infection,  their  presence  means  that  there  is  always  a  possibility,  in  fact, 
a  probability,  of  metastatic  infections  of  the  heart  or,  less  often,  of  other  organs. 
It  would,  therefore,  appear  that,  in  cases  of  acute  rheumatic  fever  where  there 
is  a  definite  history  of  tonsillitis  during  the  present  or  a  previous  attack  of  arthri- 
tis, or  where  the  tonsils  are  found  to  be  diseased,  they  should  be  removed  as  soon 
as  the  operation  can  safely  be  performed. 

To  determine  whether — and  when — to  operate,  a  number  of  factors  must 
be  considered.  The  first  and  most  important  desideratum  is  the  service  of  a 
skilled  throat  specialist,  who  shall  not  only  perform  the  operation  but  also  deter- 
mine whether  the  acute  process  in  the  tonsils  (if  it  be  of  recent  date)  has  sub- 
sided sufficiently  to  make  operation  reasonably  safe.  Judgment  is  often  difficult, 
as  the  occasional  occurrence  of  endocarditis  following  tonsillectomy  demon- 
strates. (Cases  VII  and  viii.* )  But  from  a  limited  experience,  we  feel  that,  with 
the  subsidence  of  outward  evidence  of  acute  inflammation  of  the  tonsils,  the 
danger  of  allowing  them  to  remain  in  the  body  probably  exceeds  the  danger  of 
their  removal.  In  all  cases,  we  believe,  at  the  present  time,  that  an  attempt 
should  be  made  to  relieve  the  joint  tenderness  by  full  doses  of  salicylates,  before 
the  operation  is  attempted.  A  certain  amount  of  freedom  of  movement  is  neces- 
sary after  the  operation,  to  enable  the  patient  to  expectorate,  etc. ;  during  the 
height  of  an  acute  arthritis,  pain  on  moving  would  often  prevent  the  necessary 
changes  in  position.  The  condition  of  the  patient  also  determines  the  choice  of 
anesthetic,  and  various  factors  again  enable  one  to  choose  between  general  and 
local  anesthesia. 

The  following  brief  abstracts  of  histories  are  cases  in  point : 

CASE    I. 

F.  B.,  hospital  Xo.  .\-2009,  a  white  male,  single,  aged  19,  a  tiiniitiirc  worker,  was 
admitted  to  the  North  Medical  Service  of  the  Cincinnati  General  Hospital,  March  20tii, 
1916,  complaining  of  "rheumatism  in   the  legs." 

The  family  history  was  unimportant. 

Past  History. — The  patient  has  had  sore  throat  almost  every  winter   for  several  years. 

Present  Illness. — Two  days  ago,  the  patient  first  heg;ui  to  sufifcr  with  pain  in  the  legs 
and  hips.     He  was  unable  to  walk  and  was  brought  to  the  hospital  in  an  ambulance. 

Pliysiciil  IlxaminatioH. — The  patient  is  a  strongly  built  man.  His  tonsils  are  hypcr- 
trophicd  and  reddened  and  the  cervical  glands  are  enlarged  but  not  tender.  The  knees 
are  swollen  and  show  mottled  erythema.  Tiiere  is  exquisite  tenderness  in  the  knees.  There 
is  slight  swelling  of  the  ankles  about  the  <niter  malleoli.     The  heart  is  normal. 

The  urine  shows  a   faint  trace  of  albumin   and  a   few  granular  casts. 

The  Wassermann  reaction  is  negative.     Hlood  culture  is  sterile. 

The  temperature  rose  to  103  the  day  after  admission. 

*It  is  quite  posi-ible  that  in  each  of  these  p.itients  endocardial  infection  had  occiined  prior  to 
•operation,   though    definite   piiysical    signs   of   valvular   trouble    weri;    not   present    until    after    operation. 
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The  symptoms  were  relieved  by  salicylates  and  the  temperature  became  normal  on 
March  23rd.  Tonsillectomy  was  performed  on  March  29th.  There  were  no  other  joint 
sj-mptoms.     The  patient  was  discharged  well,  on  April  6th. 

CASE  II. 

G.  W.,  hospital  Xo.  5876,  a  white  male,  single,  aged  30,  a  keeper  of  a  market  stand, 
was  admitted  to  the  North  Medical  Service  of  the  Cincinnati  General  Hospital  on  Novem- 
ber 11th,  1915,  complaining  of  "rheumatism." 

Family  history  is  unimportant. 

Past  History. — The  patient  has  had  sore  throat  in  the  past  and  the  tonsils  were 
"removed"  about  twelve  years  ago.  The  patient  had  his  first  attack  of  acute  articular 
rheumatism  eleven  years  ago.  He  was  in  bed  seventeen  weeks  at  this  time  and  says  that 
every  joint  in  the  body  was  affected  except  the  spine.  The  arthritis  began  in  the  feet  and 
worked  upward  until  the  jaws  were  involved.  He  has  had  no  cardiac  symptoms.  He  denies 
venereal  infection. 

Present  Illness. — The  onset  was  acute  on  November  6th,  1915,  with  pain  and  swell- 
ing of  the  ankles.     Within  the  last  four  days  the  knees  and  shoulders  have  become  involved. 

Physical  E-vainination. — The  patient  is  a  strongly  built  and  well  nourished  man.     Pyor- 
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rhea  alveolaris  is  present.  There  is  a  general  reddening  of  the  mucous  membrane  of  the 
throat.  Over  the  left  tonsil  which  is  large  and  ragged,  there  is  a  thin,  grayish  exudate. 
The  right  tonsil  is  also  red  and  enlarged  with  a  protuberance  having  a  crater  in  the 
center.  The  pharynx  is  reddened  and  a  small  amount  of  purulent  secretion  is  present. 
The  cervical  glands  are  not  swollen. 

Heart. — The  point  of  maximal  impulse  is  9.5  cm.  to  tlie  left  of  the  median  line  in  the 
4th  interspace.  Relative  dullness  extends  3  cm.  to  the  right  in  the  4th,  and  12  to  the  left 
m  the  4th.  A  blowing  systolic  murmur,  which  almost  replaces  the  first  sound,  is  audible 
at  the  apex  and  is  transmitted  to  the  axilla.  The  pulmonic  second  sound  is  accentuated. 
The  blood  pressure  is  120  systolic,  80  diastolic. 

There  is  swelling  of  each  knee  with  increase  in  local  temperature.  The  left  knee 
is  extremely  tender  to  the  touch.     There  is  tenderness  in  the  left  hip. 

The  urine  is  negative  except  for  the  presence  of  a  few  finely  granular  casts.  The 
throat  culture  is  negative  for  diphtheria  bacilli.  The  leucocytes  number  16,500  of  which 
78%  are  polynuclear  neutrophiles.  A  blood  culture  on  November  14th  showed  streptococcus 
viridans  in  pure  culture. 

Local  treatment  improved  the  condition  of  the  throat  very  much  by  November  14th. 
The  joint  s\-mptoms  responded  quickly  to  salicylates.  The  temperature  nevertheless  re- 
mained elevated,  being  between   101   and   102.5  and  the  leucocytosis  persisted. 

Tonsillectomy  was  performed  November  24th.  The  temperature  reached  normal  for 
the  first  time  on  the  following  day,  and  after  the  third  day  it  remained  normal  (see 
Chart   I). 

The  patient  was  discharged  December  2nd,  1915,  feeling  well.  In  July,  1916,  the  patient 
was  seen  at  his  stall  in  the  market  and  says  he  has  remained  in  good  health. 

CASE  III. 

H.  H.,  hospital  No.  6619,  a  colored  male,  single,  aged  48,  a  laborer,  was  admitted  to 
the  North  Aledical  Service  of  the  Cincinnati  General  Hospital,  December  14th,  1915,  com- 
plaining of  pain  in  both  legs  and  arms  and  of  headache. 

The  family  history  is  unimportant. 

Past  Hijtory. — For  twelve  years  the  patient  has  had  frequent  attacks  of  sore  throat. 
He  had  acute  arthritis  18  jears  ago  and  at  this  time  was  in  bed  for  two  months.  Thirteen 
3ears  ago  the  patient  had  a  chancre.  He  admitted  having  had  two  or  three  attacks  of 
gonorrhea;  the  last  one  was  fifteen  years  ago.     He  drinks  alcohol  to  excess. 

Present  Illness. —  (Unfortunately  the  notes  of  the  present  illness  are  lost.) 

Physical  Examination. — The  patient  is  a  well  nourished  man.  The  teeth  are  in  poor 
condition.  There  is  marked  pyorrhea.  The  soft  palate  and  uvula  are  moderately  injected. 
The  anterior  pillars  are  much  reddened.  The  tonsils  are  enlarged  and  hyperemic.  The 
pharynx  is  injected.  The  patient  complains  of  difficulty  in  swallowing.  The  upper  cervical 
glands  are  palpable. 

The  heart  is  normal. 

There  is  pain  in  both  knees  and  elbows  on  motion. 

The  urine  is  negative.  The  Wassermann  is  strongly  positive.  On  December  21st  the 
leucocytes  numbered  8,800,  of  which  77%  were  neutrophiles. 

The  temperature  has  been  between  100  and  102. 

Tonsillectomy  was  performed  December  22nd,  and  deeply  imbedded  tonsils  were  re- 
moved. Within  two  days  after  the  operation  the  temperature  became  lower  and  did  not 
rise  above  99.6.  January  7th,  the  joint  symptoms  had  disappeared  and  the  patient  was 
doing  light  work  in  the  ward. 

A  blood  culture  made  at  the  height  of  the  disease  was  sterile.  Treatment  with  mer- 
cury and  iodide  was  begun  December  16th.  The  patient  was  discharged  February  16th  much 
imi)rove(l. 

CASE   IV. 

/•'.  B.,  hosi)ital  No.  f)889,  a  white  male,  single,  aged  27,  a  bakir,  was  admitted  to  the 
North  Medical  Service  of  the  Cincinnati  General  Hospital,  December  2f)th,  1916,  complain- 
ing of  "rheumatism." 

The  family  history  is  unimportant. 

Past  History. — The  patient  has  had  seven  attacks  of  acute  rheumatic  fever.  The 
first  attack  was  fifteen  years  ago  and  the  patient  was  in  bed  six  months;  the  second  attack 
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was  in  1901,  when  he  was  in  bed  nine  months;  the  third  attack  in  1902,  in  bed  four  months; 
the  fourth  attack  in  1905,  in  bed  five  months;  the  fifth  attack  in  1907,  in  bed  three  and 
one-half  months;  the  sixth  attack  in  1910,  in  bed  two  months.  The  total  time  in  bed  in 
the  six  previous  attacks  was  twenty-nine  months.  The  patient  says  he  has  been  subject 
to  mild  attacks  of  tonsillitis,  but  he  thinks  they  have  had  no  relation  to  the  rheumatic  attacks. 

Present  Illness. — The  present  illness  began  December  17th,  1915,  with  pain  in  the 
great  toe  of  the  left  foot.  The  following  day  he  complained  of  pain  and  swelling  in  both 
knees  and  was  unable  to  walk.  The  next  day  he  suffered  with  pain  in  the  back  and  now 
complains  of  pain  in  the  right  shoulder,  wrist  and  knuckles  and  in  the  right  knee. 

Physical  Examination. — The  patient  is  a  well  nourished  man  of  moderate  size.  Pyor- 
rhea alveolaris  is  present.  The  soft  palate,  uvula  and  tonsils  are  moderateh"  injected.  The 
cervical  glands  are  palpable. 

Heart. — The  cardiac  dullness  extends  11.5  cm.  to  the  left  in  the  5th  space,  4  to  the 
right  in  the  4th  space.  A  systolic  murmur  replaces  the  first  sound  at  the  apex  and  is  trans- 
mitted to  the  axilla.     The  pulmonic  second  is  accentuated. 

The  affected  joints  are  red,  swollen  and  very  painful  on  passive  motion. 

The  temperature  is  between  101  and  103.  There  are  18,800  leucocytes,  with  85% 
of  polynuclear  neutrophiles.  Two  blood  cultures  on  December  26th  and  January  2nd  were 
sterile.    Gonococcus  fixation  test  is  negative.    Wassermann  test  is  negative.    Urine  is  normal. 
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Tonsillectomy  was  performed  December  30th.  The  temperature  reached  normal  the 
iifth  day  after  operation  and  remained  so  (see  Chart  II).  The  pain  in  the  joints  was  much 
less  marked  by  January  5th  and  on  January  25th  the  patient  was  discharged,  markedly 
improved. 

X-ray  plates  of  the  teeth  showed  no  abnormalities. 

CASE  V. 

S.  A'.,  hospital  No.  A-5976,  a  white  woman,  single,  aged  20,  a  shoe  worker,  was 
admitted  to  the  North  Medical  Service  of  the  Cincinnati  General  Hospital,  September  5th, 
1916,  complaming  of  pain  in  the  knee  and  finger. 

The  family  history  is  unimportant. 

Fast  History. — The  patient  has  had  frequent  attacks  of  tonsillitis,  and  in  the  last 
four  winters  she  has  had  an  annual  attack  of  quinsy  and  has  been  ill  about  two  weeks 
with  it  as  a  rule.  She  has  never  had  rheumatism  before  the  present  illness.  She  com- 
plains of  slight  dyspnea  on  exertion  and  occasional  palpitation. 

Present  Illness. — On  the  night  of  August  31st,  the  patient  complained  of  headache 
and  soreness  in  the  knee.  She  went  to  work  the  following  day,  but  on  September  2nd  her 
physician  sent  her  to  bed.  There  have  been  no  sweats.  There  have  been  soreness  and 
stiffness  in  the  knee  and  pain  in  the  third  finger  of  the  left  hand.  There  has  been  some 
nausea  and  vomiting. 

Physical  Examination. — The  patient  is  a  well  developed,  well  nourished,  rather 
anemic  young  woman.  She  is  a  mouth  breather.  The  lips  are  thickened,  the  upper  incisors 
prominent.  The  tonsils  are  hypertrophied,  and  the  tonsils,  pillars  and  uvula  are  reddened. 
There  are  no  palpable  glands  in  the  neck. 

The  heart  is  somewhat  enlarged,  measuring  3.5  cm.  to  the  right  and  10.5  to  the  left. 
The  point  of  maximal  impulse  is  8.7  to  the  left  in  the  5th  space.  The  pulmonic  second 
is  accentuated,  but  no  murmur  has  been  heard  over  the  heart.  Blood  pressure  is  120 
systolic,  60  diastolic. 

The  right  knee  and  ankle  are  slightly  swollen  and  the  skin  is  warmer  than  on  the 
left  side;  there  is  exquisite  tenderness.     There  is  also  tenderness   of  the  left  third   finger. 

The  urine  is  normal.  The  leucocytes  are  20,000.  Wassermann  test  is  negative,  as  is 
also  the  gonococcus  fixation  test. 

The  Dental  Service  reported  the  teeth  in  good  condition. 

Tonsillectomy  was  performed  September  9th.  The  patient  liad  previously  been  given 
salicylates  and  alkaline  drinks.  Mouth  temperature  has  not  been  above  99.6,  pulse  100, 
respirations  26.  Four  days  following  tonsillectomy  the  temperature,  pulse  and  respirations 
Avere  normal. 

The  patient  was  sent  to  a  convalescent  home,  September   16th,  much  improved. 

CASE  VI. 

H.  S.,  liospital  No.  A-788,  a  white  male,  single,  aged  34,  a  macliinist,  was  admitted 
to  the  North  Medical  Service  of  the  Cincinnati  General  Hospital.  February  2nd,  1916,  com- 
plaining of  "rheumatism   from  the  hips  down  and  inability  to  walk." 

The   family  history  is  without  intere.st. 

Past  History. — The  patient  says  he  has  had  sore  throat  every  year  since  lie  was 
dghtecn  years  old.  The  last  three  or  four  years  he  has  had  quinsy  each  year,  with  spon- 
taneous rupture  and  expectoration  of  pus  and  blood.  His  first  attack  of  acute  arthritis 
was  twelve  years  ago.  Both  ankles  and  knees  were  involved.  The  duration  of  this  ill- 
ness was  twelve  days. 

Present  Illness.— On  January  18th,  1916,  tlio  patient  had  an  attack  of  sore  tliroat. 
There  was  great  swelling  of  the  tonsils,  with  rupture  and  escape  of  blood  and  pus,  from 
the  left  side  of  the  throat,  the  patient  thinks.  On  January  24tli,  five  days  after  the  on- 
set, the  patient  first  noticed  pain  in  his  right  ankle  and  foot.  There  has  been  successive 
involvement  of  the  other  ankle,  both  knees  and  the  right  hip.  He  has  had  no  chills  or 
sweats.     He  thinks  he  has  had  slight  fever.     The  joints  have  been  painful. 

Physical  E.vamination.— The  patient  is  a  well  developed  man.  Tiu-re  are  oiu-  or  two 
infected  snags,  and  tlierc  is  moderate  pyorrliea.     The  tonsils  are  modrr.iti'ly  hyinMlrni'hied, 
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and  the  mucous  membranes  of  the  throat  are  generally  injected.  The  lymphatic  glands  of 
the  neck  are  generally  enlarged.  A  consultation  from  the  Throat  Service  was  asked  for 
and  an  infection  of  the  left  antrum  of  Highmore  was  detected  and  drained. 

The  heart  is  normal. 

There  is  tenderness  in  the  left  hip,  both  knees  and  ankles,  with  redness  and  swelling 
of  the  joints. 

The  urine  is  normal.  Leucocytes  are  17,500,  with  82.5%  neutrophiles.  Blood  culture 
is  sterile.     Wasscrmann  test  is  negative. 

The  temperature  rose  to  102  the  first  two  days,  then  became  normal. 

The  tonsils  were  removed  December  10th.  The  pyorrhea  has  been  treated  by  the 
Dental  Service. 

The  patient  was  discharged  well  on  March  21st.  He  remained  in  the  hospital  some 
weeks  after  the  joint  symptoms  cleared  up  at  the  request  of  the  Dental  Service. 

CASE  VII. 

Miss  B.,  aged  20,  a  nurse  in  training,  complained  of  sore  throat  on  February  11th 
and  was  admitted  to  the  infirmary.     She  had  been   feeling  poorly   for  about  two  days. 

On  admission  her  temperature  was  102,  pulse  120,  respirations  20.  She  had  acute 
follicular  tonsilhtis,  temperature  falling  by  lysis.  It  became  normal  on  February  20th.  It 
remained  normal  for  four  days.  On  the  25th  of  February  the  temperature  rose  to  99.6; 
on  the  26th  to  101.6.  At  this  time  she  complained  of  abdominal  pain  and  there  was  found 
localized  rigidity  and  tenderness  over  McBurney's  point.  An  operation  was  performed  at 
once,  and  an  acutely  inflamed  appendix  was  removed.  The  leucocytes  at  this  time  were 
22,000.  The  temperature  remained  elevated  between  100.4  and  103  until  March  1st.  It 
then  ranged  between  98.6  and  100  for  several  days.  On  the  28th  of  February  the  patient 
complained  of  aching  in  her  limbs.  The  following  morning,  February  29th,  both  knees, 
shoulders,  and  some  of  the  small  joints  of  the  hands  were  greatly  swollen,  red  and  ex- 
tremely painful.  The  patient  was  given  salicylates.  The  joint  pains  were  controlled  fairly 
promptly  and  the  temperature  came  down,  but  the  soreness  and  stiffness  still  remained 
to  a  certain  extent.  About  March  10th,  cultures  were  made  from  the  right  tonsillar  region 
by  Dr.  E.  C.  Rosenow.  Inoculation  of  two  rabbits  with  this  material  produced  an  acute 
polyarthritis  with  multiple  miliary  abscesses  in  the  myocardium.  A  staphylococcus  was 
recovered  from  the  tissues.  The  temperature  began  to  rise  on  March  8th,  and  by  March 
13th  it  reached  102,  pulse  100.  Tonsillectomy,  under  local  anesthesia,  was  performed  on 
this  date.  The  temperature  rose  to  103  the  following  day,  and  then  for  four  days  reached 
102,  gradually  falling  to  a  maximum  of  99  on  March  24th.  Following  the  tonsillectomy 
the  joint  pains  became  worse  for  three  days.  About  four  days  subsequent  to  tonsillectomy 
a  mitral  systolic  murmur  was  first  noted,  and  in  spite  of  a  return  of  the  temperature  to 
normal  (though  elevations  to  99.4  or  99.6  occurred  at  intervals  thereafter),  the  pulse  rate 
remained  high,  varying  for  the  most  part  between  90  and  110.  After  May  2nd,  the  tem- 
perature remained  normal,  the  pulse  was  less  frequent,  and  the  patient  was  sent  to  her 
home  for  further  convalescence. 

CASE  VIII. 

Miss  X.,  aged  20,  had  an  attack  of  acute  tonsillitis  early  in  March.  About  two  weeks 
following  this,  tonsillectomy  was  performed  under  local  anesthesia.  The  fourth  or  fifth 
day  following  tonsillectomy,  the  patient  first  noticed  pain  and  swelling  in  the  knees  and 
ankles,  and  complained  of  weakness  and  prostration.  She  was  admitted  to  the  hospital 
on  April  3rd,  1916.  Temperature,  101,  pulse  96,  respirations  28.  Previous  to  operation 
the  heart  had  been  examined  and  found  normal.  On  admission  there  were  found  mod- 
erate dilatation  of  the  heart,  both  to  the  right  and  left,  with  a  systolic  murmur  at  the  apex 
and  accentuation  of  the  pulmonic  second  sound.  The  temperature  became  normal  on  April 
9th  and  remained  so.  The  pulse  rate  also  dropped  to  between  70  and  80,  on  this  date  and 
remained  normal.  The  dilatation  of  the  heart  became  less,  but  the  evidence  of  a  mitral  in- 
sufficiency persisted. 
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CASE   IX. 

/.  L.,  hospital  No.  A-777,  was  admitted  to  the  North  Medical  Service  of  the  Cin- 
cinnati General  Hospital,  February  2nd,  1916,  complaining  of  vomiting  of  blood.  The 
patient  had  several  large  hemorrhages,  vomiting  from  one  to  two  pints  of  blood  at  a  time 
and  the  stools  were  tarry  for  several  days.  A  diagnosis  of  gastric  ulcer  was  made.  He 
was  given  the  Sippy  treatment  and  made  a  complete  recovery,  the  stools  remaining  free 
from  blood  after  February  14th. 

The  patient  was  about  to  leave  the  ward  when  he  developed  an  acute  follicular  ton- 
sillitis on  April  16th.  April  21st  the  patient  complained  of  pain  in  his  left  lower  axilla,  and 
a  pleural  friction  rub  was  audible  here.  On  the  25th  blood  was  again  found  in  the  stools. 
On  about  April  24th  the  patient  first  complained  of  pain  in  his  right  knee  which  soon 
became  swollen  and  hot  and  extremely  painful  on  motion.  The  patient  complained  of  some 
pain  in  others  of  the  larger  joints,  but  there  was  no  definite  redness  or  swelling.  Blood 
cultures  were  sterile.  The  leucocytes  were  28,000  on  April  28th  and  there  were  83  per 
cent  of  polynuclear  neutrophlles. 

The  patient  ran  a  continued  fever  until  May  3rd.  The  temperature  then  became  in- 
termittent, and  after  May  12th  there  were  rises  to  between  99  and  100.  During  June 
there  was  only  an  occasional  rise. 

The  arthritis  in  the  right  knee  did  not  yield  to  salicylates  and  a  subacute  arthritis 
persisted.  In  August  the  patient  complained  of  pain  in  his  spine  in  the  lumbar  region  and 
x-ray  examination  showed  a  beginning  hypertrophic  arthritis.  Owing  to  the  experience 
with  Miss  B.  and  Miss  X.,  it  was  decided,  after  consultation  with  the  Throat  service,  not 
to  enucleate  the  tonsils  during  the  febrile  stage  of  the  disease.  The  operation  was  per- 
formed, however,  in  August.  Within  a  week  thereafter,  the  knee  began  to  improve  and 
within  a  month  there  was  practically  no  pain  in  it.  The  patient  was  also  completely  re- 
lieved of  pain  in  the  back  within  three  to  four  weeks.  He  has  worn  a  plaster  jacket 
which  may  account  for  the  entire  relief  of  pain  in  his  back. 

CASE  X. 

M.  J.,  hospital  No.  A-5908,  a  colored  widow,  aged  45,  was  admitted  to  the  North 
Medical  Service  of  the  Cincinnati  General  Hospital,  September  2nd,  1916,  complaining  of 
"pain  in  the  right  side  and  back,  misery  in  all  the  joints,  fever  and  sweats." 

The  family  history  is  negative. 

Past  History. — The  patient  had  three  miscarriages  between  the  sixth  and  seventh 
months.  She  has  had  numerous  attacks  of  sore  throat  since  childhood.  She  never  had 
acute  arthritis. 

Present  Illness. — On  August  17th,  the  patient  complained  of  pain  in  the  right  side 
which  radiated  across  the  back.  On  August  22nd  there  was  pain  in  the  right  shoulder  and 
since  then  the  pain  has  jumped  from  joint  to  joint.  Fever  and  sweats  began  with  the 
arthritis. 

Physical  Examination. — The  patient  is  a  short  obese  colored  woman.  There  is 
marked  pyorrhea  alveolaris.     The  tonsils  appear  to  be  normal. 

There  is  a  systolic  murmur  at  the  apex.  The  aortic  second  sound  is  louder  than  the 
pulmonic  second.     The  right  ankle  is  swollen  and  hot.     The  knees  are  sensitive  on  pressure. 

The  urine  Is  normal  except  for  a  few  pus  cells.  Wassermann  reaction  Is  strongly 
positive.     Gonococcus  fixation  test  is  negative.     Blood  culture  is  sterile. 

The  patient  has  an  elevation  of  temperature  to   100"   F. 

Tonsillectomy  was  advised  by  the  Throat  Service  and  performed  on  vScptcmbcr  9th, 
1916.  Tlie  joint  pains  had  been  relieved  by  salicylates.  The  patient  was  entirely  free  from 
pain  In  her  joints  after  September  15th.  She  was  given  mercury  and  iodide  and  was  re- 
ferred to  the  Dental  Service  for  treatment  of  pyorrhea.  The  temperature  continued  to  rise 
to  99.6  and  It  is  probable  tliat  the  alveolar  infection  accounted  for  this,  as  no  other  cause 
could   1)0    found.      Thr   ])aticnt    was   discharged    September   26th    inii)rovcd. 

CASE  XI. 

/..  .S".,  hospital  No.  6434,  a  white  male,  single,  aged  56,  a  peddler,  was  admitted  to  the 
North  Medical  Service  of  the  Cincinnati  General  Hospital,  December  6tii,  1915,  complain- 
ing of  "rheumatism." 
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Family  History.— The  patient's  mother  died  of  "cancer  of  the  stomach." 

Past  History. — The  patient  has  had  rheumatism  about  ten  years.  He  had  four  or  five 
attacks,  each  of  them  associated  with  fever,  he  tliinks.  He  frequently  catches  cold  from 
exposure   to   the   weather. 

Present  Illness. — The  present  illness  began  November  29th,  1915,  with  pain  and  swell- 
ing in  the  left  wrist.  Later  the  right  hand  and  right  ankle  were  involved,  followed  by  pain 
and  sweUing  in  both  knees  and  finally  in  the  left  ankle.  The  patient  has  been  unable  to 
walk.     The  present  attack  is  similar  to  the  previous  ones,  though  less  severe. 

Physical  Examination.— The  teeth  are  in  very  bad  condition.  The  gums  are  retracted. 
The  tonsils  show  no  particular  change.     The  throat  is  generally  reddened. 

The  heart  is  normal. 

Both  ankles  are  swollen.  The  right  one  is  red  and  painful.  There  are  no  tophi. 
Blood  cultures  are  sterile.  Wassermann  is  negative.  Gonococcus  fixation  test  is  negative. 
Leucocytes  9,700,  65.5%  neutrophiles. 

On  December  12th  all  of  the  carious  and  infected  snags  were  removed. 

The  patient's  temperature  had  been  normal  for  three  days  and  the  joints  were  also 
painless.     The  patient  was  discharged  on   December   15th    feeling  well. 

CASE  XII. 

R.  K.,  hospital  No.  A-496,  a  white  male,  single,  aged  52,  a  painter,  was  admitted  to 
the  North  Medical  Service  of  the  Cincinnati  General  Hospital,  January  21st,  1916,  com- 
plaining of  "rheumatism." 

The   family  history  is  not  of  interest. 

Past  History. — The  patient  has  had  ten  attacks  of  gonorrhea.  For  fifteen  years  he 
has  averaged  one  attack  a  year  of  arthritis,  involving  the  knees  and  ankles.  The  attacks 
have  been  of  short  duration,  lasting  three  to  seven  days  as  a  rule.  The  longest  attack 
was  of  six  weeks'  duration  and  in  this  attack  every  large  joint  was  involved.  He  was  unable 
to  work  for  three  or  four  months  after  this  attack.  He  drinks  four  to  five  glasses  of 
beer  and  one  glass  of  whisky  daily.     He  gives  no  history  of  sore  throat. 

Present  Illness. — The  present  illness  began  on  January  18th,  1916,  following  four 
days'  exposure  to  wet  and  cold.  He  complains  of  pain  in  both  ankles  and  knees.  He 
went  to  bed  the  day  following  the  onset  and  came  to  the  hospital  two  days  later. 

Physical  Examination. — The  patient  is  a  well  preserved  man.  The  teeth  are  carious. 
There  is  marked  pyorrhea  alveolaris.  The  tonsils  are  not  enlarged.  vSubmental  and  posterior 
■cervical  glands  are  enlarged. 

The  heart  is  normal,  except  that  the  pulmonic  second  is  louder  than  the  aortic  second. 

There  is  swelling,  redness  and  tenderness  of  the  left  knee  and  also  tenderness  and 
slight  swelling  of  the  left  ankle. 

The  urine  is  normal.     There  are  7.800  leucocytes  with  no  increase  in  tlie  neutrophiles. 

The  temperature  rose  to  101  on  admission,  gradually  falling  to  normal  on  the  5th 
day. 

The  teeth  have  been  treated  by  the  Dental  Service.  The  joint  symptoms  have  dis- 
appeared.    The  patient  was   discharged  well   on  March   8tli. 

General  conclusions  may  not  be  drawn  from  so  small  a  series  of  cases.  It  is 
encouraging,  however,  to  note  that  the  fever  subsided  promptly  after  the  opera- 
tion in  some  of  the  patients.  In  Case  II.  Streptococcus  viridans  was  isolated 
from  the  blood  on  two  different  occasions  by  Dr.  Wherry,  subsequent  to  the 
control  of  arthritis  by  salicylates,  and  fever  and  leucocytosis  persisted.  Within 
three  or  four  days  after  tonsillectomy,  the  patient's  temperature  became  normal 
and  remained  so.  The  patient  is  a  market  man.  exposed  to  the  weather,  but  he 
has  remained  well  since  his  discharge  from  the  hospital,  about  eleven  months 
ago.  This  is  our  most  encouraging  case;  for  the  evidence  (excepting  a  brady- 
cardia) pointed  to  a  Streptococcus  viridans  endocarditis.  Subsequent  events 
practically  disproved  this  and  make  it  appear  probable  that  microorganisms  were 
gaining  access  to  die  circulation  directly  from  the  tonsils. 
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In  conclusion,  it  seems  to  the  writer  advisable,  in  patients  suffering  with 
acute  rheumatic  fever,  in  whom  evidence  of  tonsillar  infection,  acute  or  chronic, 
can  be  obtained,  to  remove  the  tonsils  as  soon  as  the  joint  pains  can  be  con- 
trolled, provided  the  main  conditions,  as  outlined  in  the  body  of  the  paper,  can 
he  fulfilled.  Further  experience  alone  can  determine  whether  the  so-called  com- 
plications and  recurrences  of  arthritis  can  be  prevented  in  this  manner. 
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BACTERIEMIAS  IN  THE  AGONAL  PERIOD 


By  J.  W.  Fredette,  Pittsburgh,  Pa. 


THE  presence  of  a  terminal  infection  coincident  with  the  lowered  bodily  resist- 
ance usually  present  for  a  variable  period  just  preceding  death  has  long 
been  recognized,  but  much  less  is  known  of  the  relative  frequency  and  type  of  the 
bacterial  invasion.  We  are  familiar  wath  the  fact  that  any  condition  which  de- 
presses or  diminishes  the  physiologic  activity  and  vitality  of  the  body  diminishes 
its  ability  to  defend  itself  against  bacterial  invasion  and  so  predisposes  to  infection. 
These  changes  are  often  so  subtle  that  they  escape  detection  and  at  times  the 
vitality  of  the  host  is  so  lowered  that  no  systemic  reaction  is  manifested  and  the 
presence  of  a  bacteriemia  remains  unsuspected.  With  these  facts  in  mind  the 
idea  was  suggested  that  routine  blood  cultures  be  taken  in  consecutive  hospital 
cases  immediately  after  death  and  irrespective  of  the  cause  of  the  fatal  issue. 
It  is  to  be  remembered  that  the  isolation  of  bacteria  just  after  death  gives  no 
clue  as  to  the  time  when  the  invasion  took  place.  In  some  cases  the  bacteria 
found  were  an  important  factor  in  the  disease,  while  in  others  they  merely  repre- 
sented a  late  or  agonal  infection  occurring  at  a  time  when  the  body  defenses 
were  at  a  low  ebb. 

The  significance  of  terminal  infections,  particularly  those  which  have  oc- 
curred in  the  course  of  serious  metabolic  disturbances  where  no  organic  destruc- 
tion of  surface  tissues  has  taken  place,  is  difficult  to  estimate.  It  would  appear 
that  the  bacterial  invasion  was  spontaneous  and  arose  in  areas  which  naturally 
harbor  these  organisms.  To  say  that  these  local  tissues  had  suffered  a  lowering 
of  vitality  until  their  resistance  was  unable  to  withhold  the  migration  of  bacteria 
into  the  body,  is  only  expressing  in  general  terms  our  ignorance  of  the  actual 
.mode  whereby  mucosal  surfaces  serve  as  a  protective  barrier  to  bacterial  invasion. 
The  fact  remains,  however,  that  this  is  true,  and,  furthermore,  that  the  conditions 
necessary  for  bacterial  invasion  do  not  require  the  death  of  the  protective  mucosal 
tissues.  These  conditions  become  particularly  available  when  the  general  bodily 
state  of  metabolism  is  at  a  very  low  ebb.  It  was  this  state  which  we  desired  to 
study  from  the  standpoint  of  the  types  of  bacteria  which  would  first  take  ad- 
vantage of  the  lessened  tissue  resistance.  The  influence  which  these  terminal 
infections  have  in  hastening  the  death  of  the  patient,  we  were  unable  to  study 
closely;  but  we  have  no  hesitation  in  saying  that  where  an  individual  is  harbor- 
ing as  virulent  an  organism  in  his  blood  stream  as  the  streptococcus  pyogenes, 
he  is  being  seriously  injured  by  it. 

Great  care  was  taken  in  the  collection  of  the  materials  to  exclude  errors 
which  might  influence  the  interpretation  of  the  results.  The  collecting  outfit 
which  we  used  consisted  of  tubes  of  plain  serum  broth,  which  was  the  culture 
medium  used  in  all  cases,  sterile  capillary  pipettes,  an  alcohol  lamp,  scalpel,  sterile 

*From  the  Magee   Pathological   laboratories,   Mercy   Hospital,   Pittsburgh,    Pa. 
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swabs,  and  tincture  of  iodine.  These  were  kept  in  readiness  and  always  available. 
Upon  the  death  of  a  patient,  the  laboratory  was  immediately  notified  and  the  cul- 
ture taken.  The  median  basilic  or  cephalic  vein  was  selected  as  the  site  for  vein 
puncture.  The  skin  was  slightly  drawn  to  one  side  and  an  incision  made  beside 
the  vein,  deep  enough  so  that  upon  retraction  of  the  skin  the  vein  would  stand 
out  prominently  between  the  everted  edges  of  the  incision.  Tincture  of  iodine 
was  then  applied  to  the  surface  of  the  vein  by  means  of  a  sterile  swab.  The  tip  of 
the  sterile  sealed  capillary  pipette  was  then  broken,  passed  through  the  alcohol 
flame,  and  inserted  into  the  vein.  In  the  majority  of  cases,  the  capillary  attrac- 
tion and  blood  pressure  within  the  vein  was  sufficient  to  fill  the  pipette  with  one 
or  more  c.c.  of  blood.  The  culture  medium  was  immediately  inoculated,  and 
upon  returning  to  the  laboratory,  placed  in  the  incubator.  The  cultures  were 
carefully  watched  for  the  appearance  of  growth  and  were  without  exception 
transferred  to  blood  agar  within  twenty-four  or  thirty-six  hours.  Where  a 
growth  was  observed,  the  organisms  were  plated,  then  picked  for  pure  cultures, 
and  subsequently  transferred  to  their  respective  "sets."  From  the  foregoing,  it 
can  be  seen  that  the  technic,  while  exceedingly  simple,  offers  the  least  possible 
chance  for  contamination,  inasmuch  as  the  site  of  puncture  does  not  come  in 
contact  with  anything  save  the  sterile  swab  saturated  with  iodine  and  the  sterile 
capillary  pipette.  In  only  a  few  cases  was  any  difficulty  experienced  in  the 
removal  of  blood,  and  in  these  instances,  it  was  due  to  the  anemic  state  of  the 
patient  or  to  the  small  caliber  of  the  blood  vessels  in  children.  The  blood  cultures 
were  always  taken  within  ten  minutes  following  death  and  before  the  body  had 
been  in  any  way  handled.  This  is  a  most  important  consideration ;  for  even  with 
the  lapse  of  a  very  brief  period  after  death,  the  manipulation  of  the  body,  such 
as  occurs  during  its  transference  to  the  morgue,  may  cause  the  distribution  of 
bacteria  to  sites  other  than  those  present  during  life.  In  all  cases  the  cultural 
results  here  reported  were  obtained  from  materials  collected  from  the  body  as 
it  lay  in  bed. 

From  the  following  table  it  will  be  seen  that  out  of  the  one  hundred  and 
nineteen  cultures  taken,  forty-two  were  positive,  and  seventy-seven  sterile.  Fur- 
thermore, it  will  be  noted  that  the  organisms  isolated  belong  to  the  types  which 
are  not  uncommonly  found  in  human  infections  of  various  tissues.  While  the 
number  of  positive  findings  may  seem  small,  two  factors  should  be  considered : 
(1)  the  time  postmortem,  and  (2)  the  type  of  case  investigated.  The  time  post- 
mortem is  important  inasmuch  as  the  possibility  of  a  postmortem  invasion  of 
blood  stream  has  been  practically  excluded.  Postmortem  invasion,  however,  is 
a  very  variable  factor,  as  has  been  demonstrated  l)y  many  investigators,  and  the 
possibility  of  such  an  occurrence  is  not  to  be  overlooked.  The  type  of  case  is 
also  important,  since  in  this  scries,  consecutive  cases  were  cultured  irrespective 
of  the  cause  of  death.  Then,  too,  the  number  of  sterile  cultures  would  indicate 
that  the  technic  employed  was  a  dependable  one,  since  the  ordinary  contamina- 
tions were  not  present.  The  frequent  sterility  of  postmortem  blood  cultures  has 
also  been  the  observation  of  other  investigators.  Strauch.  in  his  study  of  two 
thousand  postmortem  blond  cultures,  found  that  in  abont  one-half,  or  niiu"  hun- 
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dred  and  ninety-eio^ht  times,  the  cultures  were  sterile.  These  were  taken  from 
the  heart's  blood  at  autopsy,  and  on  an  average  of  fifteen  to  sixteen  hours  after 
death. 


Table  I. 


BACT. 
NO. 


HOSP. 
NO. 


SEX.        AGE.       CLINICAL  DIAGNOSIS. 


BACTERIOLOGICAL    RESULTS 
AT  TIME  OE  DEATH. 


1. 

939 

1676 

F. 

Zl 

2. 

943 

1820 

M. 

7 

3 

950 

1936 

F. 

2,7 

4. 

951 

1748 

M. 

66 

5. 

968 

1686 

F. 

48 

6. 

972 

1995 

M. 

39 

7. 

999 

2051 

M. 

69 

8. 

1013 

2229 

F. 

24 

9. 

1017 

2166 

F. 

28 

10. 

1021 

2139 

M. 

16 

11. 

1036 

1996 

M. 

39 

12. 

1045 

2019 

M. 

58 

13. 

1065 

2307 

F. 

35 

14. 

1066 

1804 

M. 

25 

15. 

1089 

2131 

M. 

38 

16. 


1090 


2295 


M. 


27 


17. 

1098 

2028 

M. 

36 

18. 

1113 

2349 

M. 

69 

19. 

1117 

2500 

M. 

44 

20. 

1121 

2484 

M. 

24 

21. 

1158 

2541 

M. 

30 

22. 

1175 

2567 

M. 

21 

23. 

1193 

2864 

M. 

65 

24. 

1229 

3050 

M. 

31 

25. 

1247 

3045 

M. 

25 

26. 

1270 

2921 

M. 

49 

27. 

1269 

3109 

M. 

10 

28. 

1281 

3135 

F. 

42 

29. 

1282 

2968 

M. 

30. 

1332 

2963 

M. 

36 

31. 

1328 

3342 

M. 

16 

22. 

1333 

3381 

M. 

40 

32. 

1348 

3391 

M. 

22 

34. 

1537 

3395 

M. 

52 

35. 

1371 

3320 

M. 

53 

36. 

1373 

3479 

F. 

7  mos 

27. 

1390 

3420 

M. 

33 

38. 

1402 

3374 

F. 

36 

39. 

1416 

3551 

M. 

66 

40. 

4 

3753 

F. 

45 

41. 

27 

3874 

M. 

22 

Fibromyomata  of  uterus 
Ac.  append,  and  peritonitis 
Puerperal  septicemia 
Pneumonia — Cardiac  dilata- 
tion 
Cholecystitis — Cholelithiasis 
Perforated  gastric  ulcer 
Apoplexy — Chr.  int.  nephritis 
Died  during  labor 
Puerperal  septicemia 
Pneumococcic  meningitis 
Sarcoma  of  lymph  glands 

Carcinoma  of  prostate 
Tubo-ovarian  abscess 

Lymphosarcomatosis 

Ac.  card,  dilatation — Cirrho- 
sis of  liver 

Chr.  endocarditis — Coronary 
embolism 

Malaria — Sec.  anemia 
Cirrhosis  of  liver 
Lobar  pneumonia 
Chronic  nephritis 
Chr.  int.   nephritis 
Rupture  of  small  bowel 
Chr.  endocarditis 
Bronchopneumonia 
Typhoid  fever 
Miliary  tuberculosis 
Supp.  otitis  media  End  men- 
ingitis 
Pyosalpinx — Peritonitis 
Diffuse  peritonitis 

Myelogenous  leukemia 
Hydrophobia 
Lobar  pneumonia 
Delirium  tremens 
Ac.  miliary  the. 

Chr.  myocarditis. 

Intestinal  obstruction 

Pneumonia  and  tuberculosis 

Hyperthyroidism — Thyroid- 
ectomy 

Lobar  pneumonia 

Hypernephroma  of  ureter 

Fracture  pelvis — Traumatic 
ileus 


No  growth 
No  growth 
B.  acidi  lactici 
No  growth 

No  growth 

Strept.  salivarius 

No  growth 

No  growth 

No  growth 

Pneumococci 

Unidentified  Gram-neg. 

bacillus 
No  growth 
Staph,  pyogenes  aureus 

— Staph,   albus 
No  growth 
No  growth 

Strept.  p  y  o  g  e  n  e  s — 
Staph,  pyogenes 
aureus 

No  growth 

No  growth 

No  growth 

No  growth 

No  growth 

No  growth 

No  growth 

Staph,  pyogenes  aureus 

B.  t\phosus 

No  growth 

No  growth 

No  growth  I 

Strept.     viridans  —  Mi-      j 

crococcus? 
Strept.  pyogenes  j 

No  growth 
No  growth 

No  growth  j 

Strept.    mitis — B:    acidi      j' 

lactici 
No  growth 
No  growth 
Pneumococcus 
No  growth 

Strept  salivarius 

No  growth  I 

No  growth  i 
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Table  I. 


BACT. 
NO. 


HOSP. 
NO. 


SEX. 


AGE.      CUNICAL   DIAGNOSIS. 


BACTERIOLOGICAL  RESULTS 
AT  TIME  OP  DEATH. 


42. 

28 

3750 

F. 

42 

43. 

45 

3146 

F. 

57 

44. 

47 

3931 

M. 

54 

45. 

68 

3940 

M. 

2,2, 

46. 

69 

3856 

F. 

47 

47. 

70 

3713 

F 

18 

48. 

IZ 

3956 

M. 

64 

49. 

50. 
51. 

52. 
53. 
54. 

55. 
56. 

57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 

11. 

74. 

75. 

76. 
11. 
78. 
79. 
80. 
81. 
U. 

83. 
84. 


87. 


102 
103 
116 
127 
128 

149 
158 

181 
184 
196 
213 
214 
216 
231 
257 
258 
285 
300 
303 
306 
312 
340 

347 
368 
369 

392 

423 
427 
448 
454 
459 
470 
481 

482 
483 

489 
498 

.500 


3897 

4091 
4092 
4207 
3672 
4213 

3717 
2311 

4485 
4535 
4405 
4261 
4688 
4617 
4750 
4836 
4762 
4885 
5086 
5032 
5072 
4293 
4866 

5315 
5390 

5288 

5253 

5491 
5493 
5304 
5531 
41f)8 
5674 
5702 

5268 
5550 

.5910 
5300 

5946 


M. 

F. 

M. 
M. 
M. 
F. 

M. 
F. 

M. 

M. 

F. 

F. 

M. 

M. 

M. 

M. 

F. 

M. 

M. 

M. 

M. 

M. 

M. 

M. 
F. 
M. 

M. 

M. 
M. 
M. 
M. 
M. 
M. 
W. 

\l. 

V. 
M. 


60 

84 

5 

47 
76 

40 

47 

70 
55 
63 
51 
25 
34 
35 
43 
29 
20 
6 
44 
53 
24 
46 

35 

2 

41 

26 

2>l 
67 
11 
67 

44 

30 

5 
^1 

V) 
4X 

54 


Fibroid  uterus  —  Cholelith- 
iasis 
Pernicious  anemia 

Lobar  pneumonia 

Lobar  pneumonia 

Cholelithiasis 

Chr.  artliritis — Ac.  nephritis 

Lobar  pneumonia 

Ac.  retention — Stricture  of 
urethra 

Cerebral  hemorrhage 

Hernia 

Lobar  pneumonia 

Nephritis  and  pneumonia 

Strangulated  hernia — Peri- 
tonitis 

Chr.  interstitial  nephritis 

Pyosalpinx  and  pelvic  ab- 
scess 

Lobar  pneumonia 

Lobar  pneumonia 

Complete  prolapse  of  uterus 

Systocele — Rectocele 

Pulmonary  tuberculosis 

Cerebrospinal  lues 

Tumor  of  base  of  tongue 

General  peritonitis 

Puerperal  septicemia 

Septicemia 

General   peritonitis 

Lobar  pneumonia 

Lobar  pneumonia 

Broken  back 

Appendiceal  abscess  —  Gen- 
eral peritonitis 

Lobar  pneumonia 

Fecal  impaction 

Lobar   pneumonia 

Pneumonia 

Cholecystitis — .Appendicitis 

Hypertrophy  of  prostate 

Pai)ilIoma  of  bladder 

Carcinoma  of  stomacli 

Amebic  d_\sen;i-ry 

Lobar   imcumonia 

Lobar        pneumonia  —  Pyo- 

inu'umothorax 
I  Icmojytic  anemia 
vSepticemia       lollowinj;       in- 

U'cled  tbumli 
I'uiTperal  scptict'inia 
i,\  niphosarcoma  Ab'^l■ess 

of  lung 
i''all\'  dcucncialion   of   hear! 


No  growth 

Strept.  anginosus 
Strept.    salivarius — 
Strept.  mucosas 
Pneumococcus 
No  growth 
No  growth 
Pneumococcus  —  Staph. 

albus 
No  growth 

No  growth 
No  growth 
Pneumococcus 
Pneumococcus 
Strept.  mitis — B.  pseudo- 
diphtheria 
No  growth 
No  growth 

Pneumococcus 

Pneumococcus 

No  growth 

No  growth 

No  growth 

No  growth 

No  growth 

Strept.  pyogenes 

Strept.  pyogenes 

Strept.  infrequens 

No  growth 

No  growth 

No  growth 

No  growth 

Strept.  jnogenes 

N.o  growth 

Staph,  pyogenes  aureus 

Pneumococcus  —  Strept. 
pyogenes 

Pneumococcus  —  Strept. 
pyogenes 
Strept.    pyogenes 
No  growth 
Strept.  equi 
Strept.  pyogenes 
Strept.   mili^ 
I  'nc'umoi-oct-us 
No  growtli 

.\'o  -row  til 

.Sta|ili.    i)yogiMies    aureu-- 

.Slrepl.   ])yogcnes 
Strept.   lieni()l>  ticus 
Strept.    \iridans 
.\'o  y  row  til 
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Table  I. 


BACT. 
NO. 


HOSP. 
NO. 


SEX.        AGE.      CLINICAL  DIAGNOSIS. 


BACTERIOLOGICAL  RESULTS 
AT  TIME  OF  DEATH. 


88. 

508 

5947 

M. 

36 

89. 

530 

6094 

M. 

45 

90. 

550 

6289 

M. 

60 

91. 

552 

5766 

F. 

38 

92. 

562 

6339 

M. 

19 

93. 

573 

6363 

M. 

29 

94. 

576 

6283 

M. 

53 

95. 

589 

6257 

F. 

46 

96. 

607 

6441 

M. 

61 

97. 

608 

6156 

M. 

Zl 

98. 

666 

6195 

M. 

40 

99. 

669 

6121 

F. 

67 

100. 

671 

277 

M. 

11 

101. 

690 

6199 

M. 

44 

102. 

709 

511 

M. 

47 

103. 

714 

2214 

M. 

21 

104. 

736 

489 

M. 

26 

105. 

IZl 

602 

F. 

48 

105. 

lAl 

205 

F. 

35 

107. 

743 

189 

F. 

58 

108. 

755 

481 

M. 

36 

109. 

762 

6206 

F. 

39 

110. 


763 


194 


M.        49 


111. 

765 

6540 

M. 

27 

112. 

770 

639 

F. 

5 

113. 

m 

658 

F. 

13 

114. 

m 

887 

M. 

115. 

77  A 

905 

M. 

40 

116. 

782 

865 

F. 

62 

117. 

784 

956 

M. 

118. 

785 

925 

M. 

4  mos. 

119. 

791 

792 

M. 

45 

Chronic  nephritis 

Carcinoma  of  stomach 

Pneumonia 

Heart  disease 

Ruptured  liver 

Acute  alcoholism 

Diabetic  gangrene  of  foot 

Dermoid  cyst  of  ovary 
Aneurysm  of  aorta 

Alcoholism — convulsions 
Amebic  dysentery 
Chronic  pancreatitis 
Heart,  kidney,  and  vascular 

disease 
Brain  tumor 
Pneumonia? 

Fracture    12th    dorsal    ver- 
tebra 
Peritonitis — Ventral  hernia 
Intestinal  obstruction 
Tuberculosis  of  spine 
Acute   suppurative   cellulitis 

of  hand 
Multiple  burns 
Peritonitis      following      ap- 
pendectomy 
Carcinoma   ampulla   of 

Vater 
Abscess  of  liver 
Meningitis 

Peritonitis      following     ap- 
pendectomy 
Dislocation  of  hip 
Pulmonary    tuberculosis 
Acute  dilatation  of  heart 
Heat  stroke — Alcoholism 
Plastic    operation — Harelip 
Pneumonia? 


No  growth 

No  growth 

Pneumococcus 

No  growth 

No  growth 

No  growth 

No  growth 

No  growth 

No  growth 

No  growth 

No  growth 

Staph,    pyogenes    aureus 

No  growth 

Pneumococcus  - 
No  growth 
No  growth 

No  growth 

No  growth 

No  growth 

Strept.    salivarius — 

Staph,   albus 

No  growth 

No  growth 

No  growth 

No  growth 
No  growth 
No  growth 

No  growth 
Pneumococcus 
No  growth 
No  growth 
No  growth 
No  growth 


From  the  table  it  will  be  noted  that  of  the  forty-two  positive  cultures,  thirty- 
one  showed  the  presence  of  one  organism,  and  eleven  showed  two  organisms. 

The  frequency  of  the  various  types  of  organisms  was  as  follows :  streptococ- 
cus hemolyticus  alone  nine  times,  in  all  thirteen  times;  streptococcus  viridans 
alone  four  times,  in  all  ten  times;  pneumococcus  alone  eleven  times,  in  all  four- 
teen times;  staphylococcus  pyogenes  aureus  alone  four  times,  in  all  six  times. 
Staphylococcus  albus  was  not  found  alone,  but  with  other  organisms,  three  times ; 
B.  acidi  lactici  alone  once,  in  all  twice;  B.  typhosus  and  an  unidentified  Gram- 
negative  bacillus  once.  From  the  results  obtained,  it  will  be  seen  that  the  strep- 
tococcus was  the  most  frequent  organism  isolated  and  the  pneumococcus  next. 
This  was  also  the  observation  of  Strauch  whose  results  were  as  follows:  of 
the  one  thousand  and  two  positive  cultures,  streptococci  were  found  alone  four 
hundred  and  sixty  times,  in  all  five  hundred  and  forty-eight  times ;  pneumococci 
alone  one  hundred  and  fifty-five  times,  in  all  one  hundred  and  ninety-seven  times; 
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colon  bacilli  alone  one  hundred  and  thirty-two  times,  in  all  one  hundred  and 
thirty-seven  times;  staphylococci  alone  ninety-five  times,  in  all  one  hundred  and 
thirty-eight  times ;  paratyphoid  bacilli  alone  fourteen  times,  in  all  sixteen  times ; 
pneumo-bacilli  (Friedlander)  alone  ten  times,  in  all  fourteen  times;  bacilli  em- 
physematous (B.  welchii)  alone  twice.  Of  the  tw^o  thousand  cases  examined, 
the  blood,  therefore,  was  positive  in  50.1  per  cent;  and  in  eight  hundred  and 
eighty-one  times  there  was  one  type  of  bacterium,  that  is,  87.9  per  cent  of  all 
positive  findings;  mixed  infections  of  two  types  occurred  one  hundred  and  four- 
teen times,  that  is,  11.4  per  cent;  and  a  mixed  infection  of  three  types  occurred 
only  seven  times,  or  0.4  per  cent  of  all  cases. 

As  we  have  observed,  and  this  would  undoubtedly  be  substantiated  in  a 
larger  series  of  cases,  the  streptococcus  is  the  most  frequent  terminal  invader. 
The  occurrence  of  streptococcus  pyogenes  in  cases  74  and  75,  with  the  pneu- 
mococcus,  is  extremely  interesting,  and  further  careful  study,  in  fatal  cases  of 
pneumonia,  might  show  that  the  presence  of  such  a  coincident  infection  is  rela- 
tively frequent. 

In  the  course  of  the  compilation  of  this  data  it  occurred  to  us  that  a 
comparison  of  the  bacteriological  findings  of  the  blood  before  and  after  death 
would  be  particularly  interesting,  in  view  of  the  fact  that  similar  results  would 
confirm  the  provisional  antemortem  bacteriological  diagnosis,  while  the  finding 
of  additional  organisms,  would  more  firmly  establish  the  more  or  less  theoretical 
supposition  of  "agonal"  or  terminal  infection.  In  reviewing  the  bacteriological 
reports  extending  over  the  period  of  investigation  it  was  found  that  only  fourteen 
antemortem  blood  cultures  had  been  requested  upon  the  one  hundred  and  nine- 
teen cases  here  studied.  This  is  strikingly  significant  when  we  consider  that  in 
this  brief  series  forty-two  positive  cultures  were  found.  It  further  emphasizes 
that  either  the  bacteriemias  existed  when  the  clinical  manifestations  of  them  were 
apparently  not  of  sufficient  import  to  justify  the  requisition  of  a  blood  culture, 
or  that  the  infection  had  occurred  very  late  in  the  progress  of  the  disease  when 
its  presence  had  no  clinical  bearing.  Unquestionably,  bacteriemias,  and  often- 
times fatal  ones,  do  exist  where  they  are  unsuspected.  This,  I  believe,  would  be 
found  particularly  true  in  surgical  cases  where  there  is  often  a  post-operative  rise 
in  temperature  and  an  absence  of  the  other  generally  recognized  signs  of  blood 
stream  invasion.  However,  it  is  not  our  purpose  to  discuss  those  bacteriemias 
existing  for  a  considerable  time  before  death. 

We  have  long  been  familiar  with  the  fact  that  overwork,  previous  infection, 
malnutrition,  diet,  intoxication,  exposure,  and  trauma  frequently  lower  the 
bodily  resistance  and  predispose  to  infection.  Why,  then,  should  we  not  assume 
that  morbid  conditions  in  general,  particularly  immediately  before  death  and 
when  the  bodily  vitality  is  at  its  lowest  ebb,  offer  the  most  favorable  opportunity 
for  a  general  bacterial  invasion?  This  supposition,  in  order  to  be  conclusive, 
must  of  course  be  proved  by  a  greater  number  of  cases  than  have  here  been 
presented,  but  it  is  earnestly  hoped  that  the  work  may  be  continued.  The  secur- 
ing of  frequent  antemortem  cultures  would  be  the  most  logical  way  in  which  to 
check  the  postmortem  results. 

The  following  table  illustrates  our  results  before  and  after  death  : 
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It  will  be  noted  that  in  cases  2,  4,  5,  8  and  12,  additional  or  different  organ- 
isms were  isolated  immediately  after  death.  Case  12,  presented  a  very  inter- 
esting finding,  inasmuch  as  four  hours  before  death  B.  acidi  lactici  was  isolated, 
whereas  immediately  postmortem,  streptococcus  pyogenes  was  found.  These 
cultures  were  both  taken  from  the  same  median  cephalic  vein,  four  hours  apart, 
and  yet  each  yielded  a  pure  culture.  In  case  1,  streptococcus  pyogenes  was 
isolated  in  the  antemortem  culture  but  was  not  obtained  postmortem.  In  numbers 
3,  6,  7,  9,  11,  13  and  14,  the  same  results  were  obtained  both  antemortem  and 
postmortem. 

The  value  of  late  postmortem  bacteriological  findings,  as  obtained  at  autopsy, 
and  particularly  in  those  cases  autopsied  some  time  after  death,  has  long  been  a 
subject  of  discussion.  It  was,  therefore,  believed  that  a  comparison  of  cultures 
obtained  immediately  postmortem  with  those  obtained  later  at  autopsy  would 
be  significant. 

The  comparison  suggested  will  be  noted  in  the  following  table.  The  num- 
ber, while  too  few  to  be  conclusive,  at  least  points  out  the  possibilities  of  future 
investigations  along  this  line.  The  cases,  nineteen  in  number,  were  autopsied 
one  to  sixteen  hours  after  death.  Of  that  number,  sixteen  showed  the  same 
results  at  autopsy,  while  three  showed  further  bacterial  invasion.  The  post- 
mortem bacterial  invaders  w'ere  B.  acidi  lactici,  B.  lactis  aerogenes,  and  strep- 
tococcus fecalis. 

CONCLUSIONS. 

1.  Routine  blood  cultures  taken  immediately  after  death  reveal  the  pres- 
ence of  an  unsuspected  bacteriemia  in  about  one-third  of  all  fatal  cases. 

2.  Streptococci  are  the  most  frequent  terminal  bacterial  invaders  of  the 
blood  stream.  The  pneumococcus  can  be  isolated  in  practically  all  cases  of  lobar 
pneumonia  dying  before  the  tenth  day  of  the  disease. 

3.  Bacteriological  findings  at  autopsy  within  a  few  hours  after  death, 
though  fairly  reliable  in  demonstrating  the  presence  of  organisms  existing  at  the 
time  of  death,  do  not  exclude  the  possibility  of  postmortem  invasion. 

4.  The  taking  of  frequent  antemortem,  immediate  postmortem,  and  au- 
topsy cultures  is  to  be  encouraged.  Contamination  may  be  obviated  by  a  simple 
technlc. 

5.  In  the  absence  of  adequate  autopsy  material,  the  routine  taking  of 
immediate  postmortem  cultures  will  furnish  valuable  information  as  regards  the 
essential   and   terminal   bacteriemias. 
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THE  DIAGNOSIS  OF  GASTRIC  ULCER 


By  John  W.  Shuman,  M.D.,  Sioux  City,  Iowa. 


WHEN  a  "stomach  complainer"  consults,  we  should  take  a  careful  and  com- 
plete history  of  that  patient's  health  and  record  all  the  facts.  If  in  the 
history  such  subjective  symptoms  as  hyperacidity  (sour  eructations),  hunger- 
pain,  one  to  two  hours  after  eating,  which  is  relieved  by  the  taking  of  food,  and 
hypersecretion  are  stated,  an  ulcer  of  the  gastro-duodenal  area  is  to  be  dififcr- 
entially  diagnosed  from  chronic  appendicitis,  cholecystitis,  pancreatitis  and  oft- 
times  other  diseases. 

If  a  thorough,  painstaking,  head-to-foot  physical  examination  is  made  on 
this  ulcer  suspect  and  there  is  an  absence  of  any  visceral  pathology  demon- 
strable to  inspection,  percussion,  and  palpation,  excepting  a  hypersensitive  area 
or  two  in  the  abdomen,  one  or  two  tests  should  be  made  to  exclude  active  ulcer- 
ation. A  general  physical  examination  is  extremely  necessary.  The  finding 
of  pus  pockets  in  tonsils,  teeth  or  elsewhere  in  a  positive  ulcer  case  demands 
eradication  as  a  rational  therapeutic  procedure. 

For  the  finding  for  or  against  active  ulceration  nothing  is  easier  than  the  use 
of  the  No.  14  braided-silk  cord  and  lead  ball  test.  I  have  been  using  this  test 
for  a  little  over  five  years,  first  reporting  it  three  years  ago.^ 

The  finding  of  a  blood  stain  on  the  cord  denotes  bleeding  from  a  raw  sur- 
face and  gives  in  a  measure  its  location.    The  clean  cord  finds  against  ulceration. 

I  have  checked  this  test  against  every  possible  source  of  error  and  have 
found  it  correct.  In  all  cases  operated  upon  in  which  the  cord  test  was  "posi- 
tive" the  surgeon  found  an  ulcer.  In  one  case,  the  cord  showed  two  blood 
stains;  two  separate  and  distinct  ulcers  were  found  at  autopsy. 

The  use  of  the  duodenal  tube  is  quite  necessary  in  many  cases  in  which 
one  is  attempting  differential  gastric  diagnostic  work.  By  using  it  carefully  and 
observing,  one  can  tell  when  the  bulb  passes  into  the  duodenum.  If  blood  (bright 
red  shreds)  is  aspirated  prior  to  the  bulb  passing  out  of  the  pylorus,  ulceration 
on  the  gastric  side  is  evident;  if  after  passing  the  pylorus  blood  is  aspirated, 
an  ulcer  on  the  duodenal  side  of  the  pylorus  is  just  as  evident.  By  securing 
the  duodenal  secretions  and  examining  one  can  also  tell  something  of  the  biliary 
and  pancreatic  function. 

For  dififercntial  and  confirmatory  diagnosis  the  roentgen  ray  is  indispen- 
sable. I  do  not  believe  any  one  test  sufficient  to  establish  a  diagnosis.  All  methods 
of  diagnostic  technic  should  be  used  in  a  given  case.  When  they  are  not  used 
it  is  either  because  of  laziness,  inefficiency  or  uninterestedness.  The  more  care- 
ful, thorough  and  conscientious  our  work,  the  fewer  mistaken  diagnoses  will 
result. 

In  the  roentgen  ray  examinations  of  the  Imllow  \iscera  of  the  abdomen,  I 
follow  the  plan  of  using  two  to  three  ounces  of  barium  sulphate  and  twenty- 
four  to  thirty-two  ounces  of   buUermilk   for  the  opatjue   meal.      Six   ounces  ot 
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barium  sulphate  and  thirty-two  ounces  of  "stale"  buttermilk  (98°  F.)  are  used 
for  the  opaque  enema.  Examination  is  made  with  the  roentgenoscope  while  the 
opaque  matter  is  passing  into  the  stomach  or  colon.  If  any  abnormality  is 
noted  an  "immediate"  exposure  is  niade  for  record.  At  six  hours  the  stomach 
is  again  examined.  Ofttimes  several  exposures  are  necessary  before  a  correct 
interpretation  can  be  attempted. 

The  roentgen  ray  findings  upon  which  I  place  the  highest  value  are,  first,  a 
diverticulum  ;  second,  a  permanent  incisura  opposite  the  site  of  the  ulcer ;  third, 
hyperperistalsis  (duodenal  ulcer )  ;  fourth,  a  large  six-hour  residue  (pylorospasm)  ; 
and  fifth,  a  deformed  cap  or  duodenum,  which  shows  constantly  in  a  series  of 
plates  (duodenal  ulcer).  Hyperperistalsis  and  a  large  six-hour  residue  are 
highly  suggesti\e,  and  if  in  addition  we  have  a  permanent  incisura  opposite 
the  cite  of  the  ulcer  we  can  be  certain  of  the  presence  of  ulcer.  A  diverticulum 
is  practically  diagnostic  of  penetrating  ulcer.  If  a  deformed  cap  or  duodenum  is 
present  I  feel  safe  in  diagnosing  duodenal  ulceration  from  the  roentgenoscopic 
examination. 

Here  are  two  cases  reported  in  full  for  comparative  study  in  differential 
gastric  diagnostic  technic.  Both  complained  of  "stomach  trouble,"  both  were 
referred  for  "treatment  of  gastric  ulcer."  One  had  ulcer  of  the  stomach,  the 
other  chronic  appendicitis. 

Case  1. — Mrs.  S.  Married,  age  40.  \\'as  referred  Feb.  5th,  1916,  com- 
plaining, "stomach  has  been  hurting  a  long  time." 

Family  history,  unimportant.  Previous  diseases:  scarlet  fever  at  25;  at 
36  confined  to  bed  for  four  weeks  with  "inflammation  of  the  left  lung."  At 
38  a  part  of  the  left  nipple  was  excised ;  diagnosed  "Paget's  disease." 

Present  illness ;  began  one  and  one-half  years  ago  with  bloating  after  eat- 
mg;  pain  severe  two  to  three  hours  after  eating;  vomiting  relieved  gastric 
hypertension.  \\'eight  then  125  pounds,  now  109^.  At  present,  "aches  through 
abdomen"  and  is  stifif  in  limbs  and  back;  stomach  is  sour;  "baking  soda  relieves 
the  stomach  symptoms."  Constipated.  Menses  very  irregular. 
Nocturia  1     2  Sleeps  fair. 


Day  nocturia      4     5 

Physical  examination;  T.  99.2,  P.  119,  R.  25.  Hemanalysis ;  Hgb.  75^r 
\\'.B.C.8,300.  R.B.C.3,800,000.  \\'assermann  negative.  Urinalysis:  straw, 
cloudy,  acid,  102f),  phosphates  positive.  Allnimin,  sugar  and  microscopic  exam- 
ination negative. 

Mouth  ;  severe  pyorrhea  of  all  but  four  Ibwer  front  teeth.  Tonsils  submerged 
and  diseased.  Chest  negative  for  active  disease  findings.  Abdomen;  a  tender 
movable,  walnut-sized  mass  just  above  and  a  little  to  the  right  of  the  navel 
(thought  to  be  pylorus).  Vaginal  and  rectal  examination,  negative.  Extremi- 
ties; second  degree  varicosities  of  left  lower  limb.  Stool — occult  blood  positive 
(meat-free  diet).  Braided-silk  cord  test  positive.  Fig.  1  shows  this  cord  with 
a  two  and  one-half  inch  blood  stain  upon  it,  just  a  short  way  from  the  bile  stain, 
roentgen  ray  examination  showed  a  fish-hook  stomach  and  a  deformed  cap  which 
was  constant  through  a  series  of   (7)   exposures.      (See  Fig.  2.) 

Operation  was  advised  on  account  of  the  duration  and  severity  of  symptoms 
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Fig.  2. — Case  1.  Position  prone;  time,  30  minutes.  Reading;  enlarged,  fish-hook  shaped  stomach. 
(A)  Pylorus.  (B)  Deformed  duodenal  cap  which  was  constant  throughout  examination.  Compare  with 
Fig.   3 — a   normal  cap. 
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iMg.  3.— Case  2.  Position  |)ronc;  time,  first  iiital  24  Imurs,  second  nual  10  niin.  Ueadin^;  nor- 
mal stomach  and  cap.  (A)  Gastric  spasm  wliicli  did  not  remain  constant  dnrinK  examination;  diasnoscd 
as  reflex  caused  by  (S)  a  clublied  appendix  wliicli  did  not  empty  for  ten  days  when  all  other  organs  were 
clear  of  bariinn  in  forty-eight  hours. 
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and  the  history  of  maUgnancy  of  the  left  breast,  but  the  patient  refused.  Her 
diseased  tonsils  and  teeth  were  removed.  She  was  put  to  bed  and  the  non-irritation 
treatment  for  pyloric  ulcer  administered.  At  the  end  of  six  weeks  she  had 
gained  six  pounds  in  weight  and  lost  all  feeling  of  discomfort  and  pain,  the 
tender  walnut-sized  lump  in  the  pyloric  region  had  also  disappeared.  At  the  end 
of  six  months  (Aug.  5th,  1916),  she  had  gained  ten  pounds  and  was  "feeling  the 
best  she  had  for  three  years."     The  time  is  too  short  to  say  more  of  the  "cure." 

Case  2. — Mr.  B.,  single,  age  23,  clerk,  was  referred  June  2nd,  1916,  com- 
plaining of  "stomachache."  Family  history;  one  brother  dead  at  31,  "gall 
stones"  (unoperated ).  Previous  diseases;  left  sided  pleurisy  ofif  and  on  for  2  to 
3  years.  One  and  one-half  years  ago  operated  upon  and  a  pea-sized  calculi  was 
removed  from  the  left  ureter;  since  then  no  pleurisy.  Present  illness;  began  four 
weeks  ago  with  almost  constant  nausea.  No  appetite  for  three  or  four  days. 
Since  then  no  trouble  until  four  days  ago  when  he  suiTered  a  similar  attack. 
Soon  after  eating,  his  stomach  hurts  and  continues  to  pain  until  the  next  meal. 
Has  lost  seven  pounds  in  six  weeks. 

Physical  examinatfon  ;  T.99.  P.85.  R.16.  Hemanalysis  ;  Hgb.  S5%.  W.B.C.- 
9.000.  R.B.C.  4,500.000.  Urine;  straw,  clear  acid.  1020.  Phosphates  positive, 
albumin,  sugar  and  microscopic  tests  negative.  Stool ;  occult  blood,  negative. 
Head  and  chest  negative.  Upper  abdomen  negative.  Tender  McBurney  point. 
Rectal  and  genitalia  examination  negati^■e.  Roentgen  reading ;  a  clubbed  appen- 
dix causing-  a  lellex  spasm  of  the  stomach.  (See  Fig.  3.)  Operative  findings 
confirmed  'his  diagnosis  as  did  the  subsequent  history,  i.  e.,  uneventful  recovery 
and  no  gastric  disturbance  since. 

Many  diseases  can  simulate  gastric  disease  until  a  thorough  examination  is 
made. 
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THE  DETECTION  OF  SEMEN 


By  Victor  C.  Vaughan,   M.D.,  Ann  Arbor.  Mich. 


IT  is  understood  that  in  rape  there  may  not  Ije  either  immissio  penis  or 
emissio  seminis  though  both  may  happen  and  either  may  occur  ^vitl:out  th.e 
other.  In  women  not  virgins  defloration  cannot  occur  because  it  has  already 
happened,  but  in  all  cases  the  investigation  should  include  a  careful  search  for 
semen  which  may  be  deposited  in  the  vagina,  between  the  labia,  on  other  parts 
of  the  person,  on  the  clothing,  on  the  bed,  floor  and  ground.  In  case  death 
has  resulted  the  search  for  semen  should  not  be  confined  to  the  locations  men- 
tioned but  should  extend  to  the  uterus  and  Fallopian  tubes.  Unfortunately 
the  polluted  victim  frequently  washes  herself  and  possibly  her  clothing  before 
an  examination  can  be  made.  In  favorable  cases  spermatozoa  may  be  found 
hours  and  days  after  the  act.  jMashka  found  spermatozoa  in  the  vagina  of  a 
girl  twelve  hours  after  she  was  raped,  and  the  same  author  quotes  Downe  who 
found  spermatozoa  in  the  vagina  of  a  woman  who  had  been  in  the  hospital  for 
some  days,  and  Bayard,  who  was  successful  in  his  search  three  days  after  copu- 
lation. Bossi  states  that  elements  of  the  semen  may  be  found  in  the  vagina 
from  twelve  to  seventeeen  days  after  coitus,  while  Hausmann  was  unable  to 
find  them  after  thirty-six  hours.  Haberda  states  that  when  the  genitals  are 
healthy  the  spermatozoa  may,  within  a  few  hours,  find  their  way  into  the  Fal- 
lopian tubes.  Experimentally  this  has  been  found  to  happen  in  some  of  the 
lower  animals  within  two  hours,  and  there  seems  to  be  no  reason  why  it  should 
not  occur  with  equal  promptitude  in  woman.  \Mien  the  secretions  are  healthy, 
living  spermatozoa  may  be  found  a  long  time  after  the  last  coitus.  Diihrssen, 
in  an  operation  for  pyosalpinx,  found  motile  spermatozoa  in  the  less  affected 
tu])e,  although  the  woman  had  been  in  the  hospital  nine  days  and  three  and 
one-half  weeks  had  passed  since  the  last  coitus.  Spermatozoa  may  retain  their 
vitality  in  the  dead  bodies  of  animals  for  some  days  and  Tvanoft'  foiuid  that 
they  may  fecundate  when  taken  from  the  vesicles  twenty-four  hours  after 
death.  In  two  cases  in  which  death  occurred  during  or  immediately  after 
coitus,  Haberda  found  s])crmalozoa  in  the  vagina,  but  after  a  most  careful 
search  failed  to  find  any  in  the  uterus  or  I"alloi)ian  tubes;  howe\er,  this  author 
states  that  Zweifel  reports  an  instance  in  which  death  occurred  during  coitus 
and  sixteen  hours  later  motile  sjimiialo/oa  were  found  in  the  Fallopian  tubes, 
but  these  may  ha\e  come  from  a  prexious  copulation.  It  seems  from  these 
statements  that  tin-  iinding  of  spermatozoa  in  the  uterus  and  tubes  does  not 
prove  conclusively  that  coitus  has  immediately  preceded  death  vndess  it  can  be 
shown  that  there  had  lieen  no  recent,  but  prior,  indulgence  in  tin-  sexual  act. 
The  external  genitaN  should  \)v  lairfully  examint'd  loi-  sciiiin.il  stains. 
With   only  vuUal   ])enetratiou  or  c\en   when   the   connection   doi-s   not   go  so   far 
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as  this  there  may  be  emissio  seminis.  We  must  also  recognize  the  fact  that 
some  of  the  old  sexually  exhausted  men  who  commit  rape  on  children  select 
their  victims  because  they  are  unable  to  copulate  with  adult  women,  and  some 
of  these  blennorrhagic  individuals  have  no  spermatozoa  in  their  semen.  In 
such  instances  the  proof  that  a  stain  is  seminal  cannot  be  positive  and  complete. 

Some  authorities  have  placed  considerable  stress  upon  the  contour,  gray 
coloration  and  odor  of  seminal  stains  especially  when  deposited  upon  white 
cloth,  but  it  is  sufficient  to  state  that  in  none  of  these  appearances  is  there  any- 
thing sufficiently  characteristic  of  seminal  stains  to  enable  the  investigator  to 
arrive  at  a  positive  conclusion,  and  the  statement  of  the  expert  must  be  founded 
upon  incontrovertible  fact  and  not  upon  mere  belief  or  suspicion.  The  only 
conclusive  evidence  that  a  stain  is  of  seminal  origin  depends  upon  the  finding 
of  spermatozoa.  Other  morphological  elements  may  or  may  not  be  present, 
but  spermatozoa  only  characterize  seminal  fluid  and  unless  their  presence  be 
demonstrated  the  evidence  must  be  considered  as  negative.  Epithelial  cells, 
so-called  seminal  granules  and  spermatic  cr}'stals  may  or  may  not  be  present 
in  seminal  fluid  and  some  of  them  certainly  are  found  in  stains  from  other 
sources.  No  one  should  attempt  to  decide  concerning  a  suspected  seminal 
stain  unless  he  is  thoroughly  familiar  with  the  appearance  of  spermatozoa  in 
both  fresh  and  dried  specimens.  In  freshly  ejaculated  semen  and  in  the  mucus 
of  the  normal  female  genitals,  they  may  retain  their  motility  for  a  long  time  and 
in  dried  stains  they  may  preserve  their  form  and  may  be  easily  recognized  un- 
der the  microscope  even  after  many  years.  If  the  stain  be  upon  cloth,  leather, 
wood  or  metal  and  if  it  be  of  sufficient  thickness  it  is  better  to  detach  a  bit  of  it 
from  the  object  to  which  it  is  adherent  and  rub  this  up  with  a  few  drops  of 
physiologic  salt  solution  and  examine  it  under  the  microscope.  If  the  stain 
cannot  be  detached  from  the  substance  to  which  it  adheres  and  which  generally 
consists  of  some  article  of  clothing,  a  small  bit  of  the  cloth  carrying  the  stain 
should  be  cut  out,  placed  in  a  watch  glass,  treated  with  a  few  drops  of  salt 
solution,  covered  so  as  to  prevent  evaporation  and  to  protect  it  from  dust  and 
allowed  to  stand  for  two  or  more  hours.  Usually  this  results  in  the  formation 
of  a  milky  fluid,  a  drop  of  which  may  be  subjected  to  direct  microscopical  ex- 
amination. Another  method  is  to  place  a  bit  of  the  cloth  carrying  the  stain  on 
an  object  glass,  add  a  few  drops  of  water  or  physiologic  salt  solution  and  with 
needles  tear  the  fibres  of  the  cloth  apart;  then,  cover  with  a  thin  glass  and  ex- 
amine with  the  microscope.  When  the  stain  is  very-  old  it  is  well  to  render  the 
salt  solution  used  for  maceration  feebly  alkaline  with  ammonia.  When  a  more 
active  solvent  is  needed,  as  in  the  case  of  the  presence  of  a  large  amount  of 
dried  mucus,  a  dilute  solution  of  potassium  hydroxid  or  a  five  per  cent  solu- 
tion of  acetic  acid  may  be  employed.  Spermatozoa  are  fairly  resistent  to  both 
acids  and  alkalis.  Roussin  recommends  that  the  stain  be  soaked  in  a  solution 
made  up  of  1  part  of  iodin,  4  parts  of  potassium  iodid  and  100  parts  of  water, 
and  Unger  advises  that  the  spermatozoa  be  stained  with  a  solution  of  methyl 
green  (0.3  g.  of  methyl  green  to  100  of  water,  acidified  with  6  drops  of  hydro- 
chloric acid). 

It  is  not  safe  to   depend  upon  granules  that  appear  to  be  the  heads  of 
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spermatozoa,  because  there  are  too  many  things  that  may  be  mistaken  for  these. 
More  or  less  complete  cells  with  both  head  and  tail  should  be  found  before  a 
positive  conclusion  is  reached. 

When  the  mucous  secretion  of  the  genitals  is  semi-fluid  it  is  sufficient  to 
take  a  drop  of  it  and  make  with  this  a  thin  smear  and  examine  directly  with  the 
microscope.  When  the  mucus  is  dry  a  few  drops  of  a  salt  solution  may  be 
added  in  order  to  dilute  and  dissolve  it. 

Florence  has  discovered  a  method  of  preparing  from  seminal  stains  crys- 
tals which  he  believes  to  be  characteristic  of  spermatic  fluid.  The  reagent  em- 
ployed consists  of  the  following  ingredients:  Potassium  iodid,  1.6  g. ;  iodin, 
2.54  g.,  and  water  30  g.  This  reagent  should  be  cooled  by  surrounding  it  with 
ice  water  for  some  hours  or  by  keeping  it  in  an  ice  box  for  twenty-four  hours 
before  the  test  is  made.  The  examination  is  carried  out  as  follows :  A  bit  of 
the  suspected  stain  in  a  drop  of  the  maceration  obtained  from  it  is  placed  on  a 
glass  slide,  then  a  drop  of  the  reagent  is  placed  sufficiently  near  so  that  the  two 
when  covered  with  the  thin  glass  gradually  flow  together.  The  observer  look- 
ing through  the  microscope  will  see  the  crystals  form  as  the  two  fluids  come  in 
contact.  These  cr}^stals  are  brownish,  rhombic  prisms  closely  resembling  those 
of  hematin,  although  there  may  be  many  atypical  forms.  They  are  soluble  in 
water,  alcohol,  acids  and  fixed  alkalis.  Individual  crystals  may  be  large  enough 
to  be  seen  by  the  unaided  eye.  They  are  not  permanent,  though  according  to 
Richter  they  may  be  preserved  for  a  time,  at  least,  by  the  addition  of  a  few 
drops  of  a  solution  of  iodic  acid  and  enclosing  in  a  cell  of  wax.  According  to 
Florence  the  formation  of  these  crystals  is  characteristic  not  only  of  seminal 
stains,  but  of  those  from  man,  inasmuch  as  he  finds  that  they  are  not  found  in 
the  spermatic  fluid  of  other  animals.  He  believes  that  the  presence  of  these 
crystals,  even  when  spermatozoa  cannot  be  detected  is  evidence  that  the  stain 
is  made  by  the  spermatic  fluid  of  man.  This  is  important  if  true,  but  Richter 
holds  that  the  crystals  may  be  obtained  from  many  substances,  such  as  decom- 
posing egg-white,  egg-yolk,  pus,  vaginal  and  uterine  mucus,  the  semen  of  the 
lower  animals,  certain  vegetable  substances  and  butter,  and  Gumrecht  suggests, 
with  great  probability,  that  they  are  lecithin  compounds  and  that  when  putre- 
faction advances  far  enough  to  break  up  the  lecithin  molecule  even  human  se- 
men does  not  give  them.  Haberda  states  that  in  some  badly  decomposed 
vaginal  secretion  taken  from  a  corpse  he  found  many  well  formed  spermatozoa, 
but  could  not  obtain  the  Florence  cn^stals  although  his  reagent  gave  good  re- 
sults with  other  seminal  stains  and  with  the  semen  of  a  man  with  azoospermia. 
This  shows  that  the  proposition  of  Binder  that  the  Florence  test  be  used  as  a 
preliminary  one  and  that  when  it  fails  the  search  for  spermatozoa  need  not  be 
continued  is  not  wise.  Haberda,  however,  thinks  that  the  test  may  be  of  service 
in  picking  out  the  one  stain  among  many  most  likely  to  show  spermatozoa. 
Dvornitschenko  finds  that  the  Florence  test  is  not  possessed  of  positive  value, 
that  there  are  substances  that  do  not  come  from  seminal  fluid  that  yield  the 
cry^stals  and  that  when  the  reaction  is  negative  spermatozoa  may  be  found.  He 
concludes  that  the  substance  in  seminal  fluid  which  takes  part  in  the  formation 
of  the  crystals  is  not   a   constant   constituent  of   the   secretion.      Tn   short,    this 
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author  agrees  with  many  others  in  finding  that  Florence's  reaction  is  not  pos- 
sessed of  absolute  value,  and  that  it  is  of  service  only  as  a  confirmatory  or 
supplementary  test  in  the  identification  and  recognition  of  spermatozoa.  It 
seems,  therefore,  that  we  must  hold  to  the  old  view  that  the  detection  of 
spermatozoa  is  the  only  sure  proof  that  a  stain  is  made  by  semen  and  the 
finding  of  these  cells  needs  no  confirmatory  or  supplementary  test. 

Staining  spermatozoa  in  order  to  bring  them  more  distinctly  to  view  has 
been  recommended,  and  we  have  already  referred  to  the  methods  of  Roussin 
■and  Unger.  Florence  uses  crocein,  and  Grigorgew  recommends  the  following 
method :  A  bit  of  the  cloth  carrying  the  stain  is  placed  in  concentrated  sul- 
phuric acid  and  left  until  the  fibre  is  quite  well  destroyed.  This  may  require 
seventy-two  hours,  but  as  a  rule  the  partly  disintegrated  fiber,  after  four,  eight 
or  twelve  hours,  still  saturated  with  acid,  is  placed  on  a  glass  slide,  covered  and 
examined  under  a  magnification  of  600  diameters.  The  heads  of  the  sperma- 
tozoa are  oval  or  pear  shaped  and  brown  in  color,  and  show  a  lighter  point  or 
vacuole.  The  tail  is  not  colored  so  deeply.  The  method  is  not  applicable  to 
stains  on  brown  or  black  cloth.  It  seems  that  some  years  ago  Vogel  recom- 
mended a  somewhat  similar  method ;  the  bit  of  cloth  is  moistened  with  water, 
placed  on  the  glass  slide,  two  drops  of  sulphuric  acid  and,  after  two  minutes, 
the  same  amount  of  tincture  of  iodin  is  added,  after  which  the  examination 
is  made.  It  is  claimed  that  the  sulphuric  acid  method  is  of  special  value  when 
the  stain  is  found  upon  a  much  soiled  piece  of  cloth,  and  that  everything  save 
the  spermatic  cells  is  destroyed  by  the  strong  acid. 


TRYPSIN    BROTH -AN   IDEAL    MEDIUM   FOR   MAKING    BLOOD 

CULTURES 

A    Preliminary    Report  * 

By  R.  G.  Owen,  M.D.,  F.  A.  Martin,  M.D.,  and  W.  G.  Pitts, 
Detroit,  Mich. 


WHILE  working  on  the  treatment  of  suppurating  wounds.  Sir  A.  E.  Wright 
observed  that  when  the  antitryptic  activity  of  the  serum  was  destroyed  by 
the  trypsin  set  free  from  disintegrating  leucocytes,  many  organisms  grew  luxuri- 
antly which  were  incapable  of  growth  in  the  presence  of  serum  rich  in  anti- 
tryptic power. 

Emery  further  showed  that  by  neutralizing  the  antitryptic  action  of  serum 
with  trypsin,  the  blood  lost  its  coagulability,  and  with  this  also  went  a  loss  of 
opsonic,  complementing,  and  bactericidal  action. 

Reasoning  from  this  basis,  Douglass  and  Colebrook  decided  that  the  addi- 
tion of  proper  amounts  of  trypsin  to  beef -tea  Vv'ould  furnish  an  ideal  medium  for 
blood  cultures,  and  certain  experiments  which  thev  made  corroborated  their  views. 


*From    the     Bacteriological     Departir.ent    of    the    Detroit     Clinical    Laboratory. 
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We  have  been  able  to  confirm  their  results  in  the  main;  and  from  our  experi- 
mental and  clinical  results,  can  most  strongly  recommend  "Trypsin  Beef-Tea" 
as  an  ideal  medium  for  making  blood  cultures. 

We  have  tried  various  preparations  of  trypsin  in  different  strengths,  and 
have  found  the  "Liquor  Pancreatica"  made  by  the  Digestive  Ferments  Co.,  of 
Detroit,  Michigan,  to  be  the  most  satisfactory. 

The  Digestive  Ferments  Co.  supply  this  preparation,  sterilized  by  passage 
through  a  Berkefeld  filter,  in  10  c.c.  ampules. 

This  amount  should  be  added  to  90  c.c.  of  sterile  beef-tea  and  5-10  c.c.  of 
the  mixture  put  in  sterile  test  tubes.  The  medium  must  be  handled  aseptically, 
as  heat  destroys  the  action  of  the  trypsin.  When  making  cultures,  add  1  c.c. 
of  blood  to  each  of  5  to  10  tubes  of  medium. 

Trypsin  beef-tea,  we  have  found,  keeps  its  strength  for  at  least  four  weeks. 
Staphylococci,  streptococci,  pneumococci,  and  typhoid  l)acilli  from  the  blood 
stream,  all  show  a  much  earlier  and  more  uniform  growth  in  the  tr\'psin  medium 
than  do  cultures  in  plain  or  glucose  beef-tea. 

We  would  greatly  appreciate  any  case  reports  dealing  with  the  use  of  this 
medium  in  isolating  organisms  from  the  blood. 


A  STANDARD  METHOD  FOR  MAKING  UNIFORM  COLLOIDAL 

GOLD  SOLUTION 


By  William  K.  Trimble,  M.D.,  Kansas  City,  Mo. 


A  LL  glassware  should  be  rinsed  successively  with  a  small  amount  of  freshly 
-^*-  distilled  water,  neutral  95%  alcohol,  ether  and  finally  heated  in  a  hot  air 
oven. 

The  water  used  should  be  freshly  distilled  in  an  all-glass  still  williout  rul>- 
bcr  connections.     Redistilling  is  not  necessary. 

The  solutions  of  gold  chloride,  potassium  carbonate  and  formaldehyde  solu- 
tion are  prepared  in  the  usual  way  and  kept  in  a  dark  place  in  well  fitting  glass- 
stoppered  bottles. 

C)ne  should  have  a  separate  pipette  for  each  solution  used  in  the  technic 
and  these  should  not  be  used  for  other  laboratory  work. 

Only  chemically  pure  reagents  should  be  used.  In  making  the  1',  formal- 
dehyde  solution   treat   the   usual   40'/^    as    100%. 

Technic. — Distill  500  c.c.  of  water  into  one  of  the  especially  cleaneil  l'".rK'ii- 
nieyer  flasks  and  ])lace  on  an  iron  tripod.  Intel  pose  between  the  llame  and  the  flask 
a  disc  of  copper  about  the  thickness  of  a  hea\y  blotting  paper.  The  object  of  the 
copper  disc  is  to  permit  a  more  uniform  heating  of  the  water  and  at  the  same 
time  prevent  overheating  the  solution  at  points  in  the  Imiiom  of  the  llask.  Insert 
a  clean  thermometer  into  the  water  and  when  the  temperature  has  reached  ()5  C. 
add  at  once  5  c.c.  of  the  I'/i  i)()tassium  carbonate  solution.  Stir,  and  when  the 
solution    has   reached    75'    C,    iniiiicMliateK'    ;id(l    5    c.c.    of    the    1',     gold    chloride 
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solution.  Stir  and  bring  the  temperature  of  the  solution  to  90°  C.  Remove  the 
flame  and  begin  adding  the  1%  formaldehyde  solution  quite  a  few  drops  at  a 
time  and  with  constant  stirring.  It  is  important  not  to  be  hasty  in  adding  the 
formaldehyde  solution.  When  3  to  3.5  c.c.  have  been  added,  allow  considerable 
time  before  more  is  used,  then  only  a  few  drops  at  a  time.  In  a  short  while  a 
perceptible  change  in  the  color  of  the  solution  will  be  seen,  when  no  more  of 
the  formaldehyde  solution  should  be  added.  Let  the  flask  remain  on  the  hot 
copper  disc  until  the  solution  changes  to  a  bright,  clear,  deep  red  color,  when  the 
flask  is  removed  and  allowed  to  cool.    The  color  deepens  slightly  on  cooling. 

It  is  not  necessary  to  reheat  during  or  after  the  addition  of  the  formalde- 
hyde solution,  so  long  as  the  whole  remains  at  90°  C. 


THE  PRESERVATION  OF  ERYTHROCYTES  FOR  THE 
WASSERMANN  REACTION* 


By  Stanley  P.  Reimann,  M.D.,  Cleveland,  Ohio. 


NUMEROUS  methods  have  been  devised  for  the  preservation  of  erythro- 
cytes for  use  in  the  Wassermann  reaction  and  in  other  immunologic  pro- 
cedures. The  time,  trouble,  and  expense  of  the  weekly  or  semi-weekly  trip  to 
the  abatoir  can  be  much  reduced  if  a  simple  and  satisfactory  method  can  be 
utilized  which  wall  give  results  with  preserved  cells  identically  the  same  as  re- 
sults obtained  with  fresh  cells.  The  present  study  compares  results  obtained 
with  fresh  cells  and  cells  preserved  by  the  formalin  method  and  by  the  saccha- 
rose-gelatin method  of  Rous  and  Turner.  For  this  purpose  200  tests  were  made 
with  cells  preserved  by  the  Rous  Turner  method  and  150  tests  with  both  the 
Rous  Turner  and  formalin  methods.  In  all  cases  simultaneous  tests  were 
made  with  cells  from  1  to  4  days  old  kept  in  the  ice  chest.  Complement  and 
hemolytic  amboceptor  were  titrated  separately  against  each  sample  of  cells  used 
and  in  the  vast  majority  of  cases,  the  results  were  identical;  differences  when 
found  were  small. 

The  formalinized  cells  were  satisfactory  for  at  least  three  weeks,  several 
specimens  for  four  weeks.  The  first  cells  preserved  by  the  gelatin  and  saccha- 
rose solutions  were  stored  in  cotton-stoppered  vials  and  hemolysis  in  sufficient 
amount  to  render  the  cells  useless  occurred  in  eighteen  days.  Those  preserved 
subsequently  were  placed  in  sealed  ampules  and  they  were  satisfactory  for  from 
21  to  25  days. 

The  discrepancies  in  the  final  readings  amounted  to  6  per  cent  of  the  total 
number  but  no  uniform  variation  was  to  be  discerned.  In  some  instances  the 
preserved  cells  gave  negative  readings  and  the  fresh  cells  positive  readings,  and 
in  other  instances  the  readings  were  reversed.  In  all  these  cases,  the  four  anti- 
gens used, — two  cholesterinized  alcoholic  extracts  of  human  hearts,  one  choles- 
terinized  alcoholic  extract  of  ox  hearts,  and  an  alcoholic  extract  of  syphilitic 


*From  the   Departments   of   Pathology   and    of    Dermatology,    Western    Reserve    University. 
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liver,  gave  contradictory  readings  with  preserved  and  with  fresh  cells.  Refer- 
ence to  the  clinical  histories  of  many  of  the  patients  from  whom  these  sera  were 
obtained  gave  evidence  of  treated  lues  in  various  stages. 

The  method  of  preservation  as  worked  out  by  Rous  and  Turner  was  car- 
ried out  in  the  following  manner :  The  blood  of  a  sheep  was  run  from  the  ca- 
rotids directly  into  Locke's  solution  containing  one  per  cent  sodium  citrate  in  the 
proportion  of  one  part  of  blood  to  four  parts  of  solution.  The  corpuscles  were 
separated  by  rapid  centrifugalization  and  carefully  washed  three  times  in  Locke's 
solution  containing  0.25  per  cent  gelatin.  The  cells  were  then  placed  in  a  layer 
not  more  than  2  mm.  in  depth  and  covered  with  saccharose-Locke  solution  to 
a  depth  of  about  2  cm.,  the  ampules  were  sealed  and  stored  at  a  temperature 
of  5°  C.  and  6°  C.  Just  prior  to  use  the  cells  were  washed  once  with  .85  per 
cent  saline  solution  to  remove  the  saccharose  solution,  and  proper  dilution  ef- 
fected with  saline.     Strict  asepsis  was  observed. 

The  cells  for  formalin  preservation  were  prepared  by  allowing  the  sheep's 
blood  to  run  directly  into  formalin  solution  in  the  proportion  of  0.5  c.c.  of  40 
per  cent  formaldehyd  solution  to  400  c.c.  of  blood.  Defibrination  was  accom- 
plished by  shaking  with  glass  beads.  The  mixture  was  not  disturbed  until  ready 
for  use,  when  the  cells  were  washed  three  times  with  0.85  per  cent  saline  solu- 
tion in  the  usual  way. 

THE  SOLUTIONS. 

Locke-sodium  citrate  solution. — 

Sodium  citrate 10      grams 

Sodium    chlorid 9.2 

Sodium    bicarb 0.05 

Potassium  chlorid 0.1       " 

Calcium  chlorid 0.1 

Aq.  dest.  q.s.  ad 1000      c.c. 

Locke-gelatin  solution. — 

Gelatin    2.5  grams 

Sodium    chlorid 9.2 

Sodium  bicarb 0.05 

Potassium    chlorid 0.1 

Calcium  chlorid 0. 1 

Aq.  q.s.  ad lOCO      c.c. 

The  Locke  and  saccharose  solutions  are  sterilized  separately  and  used  in 
the  proportion  of  2.8  c.c.  of  the  saccharose  solution  and  7.5  c.c.  of  the  Locke's 
solution. 

Saccharose  solution. — 

Saccharose     103.0  grams 

Aq.  q.s.  ad 1000      c.c. 

Locke's  solution. — 

Sodium    cidorid 9.2  grams 

Sodium    bicarb 0.05     " 

Potassium    chlorid 0.1       " 

Calcium  cidorid 0.1       " 

Aq.  q.s.  ad 1000      c.c. 
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CONCLUSION. 

Under  ordinary  laboratory  conditions  sheep  erythrocytes  for  use  in  the 
A\'assermann  reaction  can  be  preserved  satisfactorily  from  3  to  4  weeks  by  the 
formalin  method,  and  for  from  21  to  25  days  by  the  Rous-Turner  method.  The 
readings  obtained  dififer  from  those  obtained  with  fresh  cells  only  in  so  far  as 
some  sera  produce  slightly  different  results  when  used  with  cells  from  the  same 
specimen  of  sheep  blood. 
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A  SIMPLIFIED  COMPLEMENT  FIXATION  TEST* 


By  Norman  E.  Williamson,  M.D.,  Stockton,  Calif. 


THE  following  method  is  a  modification  of  Noguchi's  test,  but  is  mvich  simpler 
and  quicker. 

Capillary  pipettes  are  drawn  out  of  small  glass  tubing.  With  a  light  touch 
of  a  file  a  mark  is  made  at  the  point  which  0.06  c.c.  of  mercury  reaches  from 
the  end  of  the  capillary  tubing.  The  entire  length  of  the  pipette  is  12  cm. 
Biood  is  drawn  from  the  ear  to  the  mark.  This  will  contain  approximately  0.02 
c.c.  of  serum  for  each  tube  of  the  test  as  used  in  the  Noguchi  test,  in  addition  to 
cells. 

Place  the  small  tubes  in  the  rack  used  for  complement  fixation  and  add  to 
the  front  tube  1.94  c.c.  of  citrated  salt  solution.  The  salt  solution  is  the  usual  0.9 
per  cent.  The  citrate  is  added  in  the  proportion  of  4  parts  to  10.000.  It  is  conven- 
ient to  keep  on  hand  salt  solution  containing  1  per  cent  citrate.  Four  c.c.  of  this 
and  96  c.c.  of  salt  solution  will  make  the  right  proportion  for  the  tubes.  This 
will  prevent  the  clotting  of  the  0.06  c.c.  of  blood  used,  and  does  not  in  any  way 
interfere  with  the  reaction.  If  salt  solution  alone  be  used,  the  slight  clot  which 
forms  detracts  from  the  accuracy  of  the  test. 

0.06  c.c.  of  blood  is  put  in  the  front  tube  and  immediately  shaken.  The  l)lood 
is  blown  out  of  the  pipette  using  the  mouth  piece  of  a  blood  counting  pipette. 
1  c.c.  is  taken  from  the  front  tube  for  the  control  tube.  The  pipette  is  then  washed 
with  salt  solution,  water,  alcohol,  ether,  and  dried  in  the  flame  of  a  Bunsen  burner. 
It  is  now  ready  for  the  next  jiatient.  Blood  is  taken  from  known  positive  and 
negative  cases  for  control. 

Add  0.1  c.c.  of  properly  diluted  Noguchi  antigen  to  the  front  row  of  tubes 
and  0.1  c.c.  of  salt  solution  to  the  back  row. 

Add  2  units,  usually  0.4  c.c.  of  10  per  cent  complement  to  all  tubes.     Shake. 

Place  in  water  bath  at  37°  C.  for  i/  hour. 


*Froiii  the    State   llospita!,    Stockton,    Calif. 
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Remove  and  add  3  units  of  antihuman  amboceptor  in  1  c.c.  of  salt  solution. 
(A  unit  of  amboceptor  has  the  same  meaning  as  usual;  i.  e.,  the  quantity  which 
will  hemolyze  1  c.c.  of  1  per  cent  suspension  of  washed  human  red  cells  in  1  hour 
with  1  unit  of  complement.) 

Place  in  water  bath  at  37°  C.  for  1  hour. 

Compare  each  front  tube  with  its  corresponding  back  tube.  Complete  in- 
hibition of  hemolysis  in  the  front  tube  with  an  average  amount  in  the  back  tube 
would  be  -\ — |-.  Less  than  this  but  more  than  50  per  cent  inhibition  would  be  +. 
More  accurate  readings  can  be  made  with  a  colorimeter,  using  a  standard  m 
the  wedge  and  comparing  each  tube  with  the  standard.  Tubes  must  either  be 
allowed  to  settle  after  incubation  or  they  can  be  at  once  centrifugated  and  read. 

The  amount  of  red  cells  used  in  this  test  is  about  equal  to  1  c.c.  of  3  per  cent 
suspension  or  3  times  that  used  in  the  Noguchi  test.  This  is  not  a  disadvantage, 
as  no  more  will  be  hemolyzed  than  the  unfixed  complement  can  manage.  The 
hemolysin  is  always  the  same,  as  none  is  added  with  the  patient's  serum.  This 
might  occur  if  serum  and  cells  came  from  individuals  of  different  groups,  unless 
the  cells  belong  to  group  4  of  Moss,  as  I  mentioned  in  a  former  contribution. 

The  advantages  of  this  method  are  obvious.  The  blood  taking  is  very  simple 
and  relieves  the  patient  of  much  discomfort.  No  time  is  lost  in  getting  clear 
serum.  There  is  no  washing  of  blood  except  for  standardization  of  reagents. 
The  test  can  be  completed  in  2  hours  from  the  time  the  blood  is  taken. 

I  have  found  the  test  to  be  accurate.  I  have  checked  it  by  both  W'asser- 
mann  and  Noguchi  results. 


A  MODIFICATION   OF  GERHARDT'S   TEST   FOR  DIACETIC  ACID  IN 

THE  URINE* 

By  Harvey  P.  Barret,  M.D.,  Charlotte,  X.  C. 


IX  spite  of  its  fallacies,  Gerhardt's  test  for  diacetic  acid  in  the  urine  remains 
the  most  reliable  and  probably  the  most  widely  used  test  for  the  detection 
of  this  sul)Stance.  Tlic  method  as  described  b)-  Webster,  is  as  follows:  "To 
10  c.c.  of  urine  are  added  a  few  drops  of  ten  ])er  cent  ferric  chloride  solution. 
This  is  best  added  as  long  as  a  precipitate  of  pliDsphales  occurs,  ihese  latter 
bodies  being  then  filtered  olT.  To  the  filtrate  are  added  a  few  dro])s  more  of 
ferric  chloride  solution  when  the  urine  sItows  a  llonleaux-red  color  in  the  pres- 
ence of  diacetic  acid."  'I'lie  disadxantages  in  the  actual  ])erformance  of  this 
test  are:  the  time  recjuired  to  filter  off  the  hea\-y  ])lio>phale  precipitate;  the  un- 
certainty as  to  the  amount  of  ferric  chloi-ide  soh.uion  In  lie  added,  sometimes 
requiring  a  second  filtration  to  rtinoxe  all  the  ])ho.sphale  ]>reci|)itate  :  the  dilh- 
culty  in  reading,  iiromptly,  a  negatixe  reaction;  and  \\]c  inability  to  detect,  with 
certainty,  small  ([uantities  of  diacetic  acid. 

The   following  simple   modification   of   Gerhardt's   test    is   sugge^te(I  :    .About 
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2  c.c.  of  the  urine  to  be  tested  are  placed  in  a  test  tube  and  an  equal  quantity 
of  ten  per  cent  ferric  chloride  solution  is  allowed  to  run  slowly  down  the  side  of 
the  tube.  There  is  thus  formed  a  distinct  layer  of  urine  above  the  reagent. 
The  tube  is  held  at  an  angle  of  forty-five  degrees.  At  the  point  of  contact 
there  is  a  ring  of  phosphate  precipitate,  while  just  below  this  a  Bordeaux-red 
color  is  formed  if  diacetic  acid  is  present.  The  color  appears  immediately  and 
tends  to  diffuse  downward  into  the  ferric  chloride  solution  on  standing.  It  may 
be  allowed  to  stand  twenty-four  hours,  or  the  tube  may  be  heated  as  in  the 
original  method  for  differentiating  other  substances,  which  give  a  reaction  sim- 
ilar to  diacetic  acid.  The  whitish  appearance  of  the  phosphate  ring  serves  as  a 
contrast  to  the  red  color  and  makes  the  reading  of  a  weak  reaction  much  easier. 
The  ferric  chloride  solution  may  be  first  placed  in  the  tube  and  the  urine  super- 
imposed or  the  ferric  chloride  solution  may  be  run  under  the  urine  from  a 
pipette  introduced  to  the  bottom  of  the  tube.  The  best  results,  however,  are 
obtained  by  the  method  as  first  described. 


PREVENTION  OF  FROTHING  IN  AERATION  METHODS.* 


By  a,  B.  Dlnison,  M.D.,  Cleveland,  Ohio. 


WHILE  working  with  the  urease  aeration  method  for  the  quantitative  deter- 
mination of  urea,  w^e  experienced  the  common  difficulty  of  foaming  in  the 
aeration  tubes.  We  finally  hit  upon  the  following  device,  which  absolutely  con- 
trols the  foaming  and  is  very  economical  in  the  use  of  antifoam  mixture.  It 
also  has  an  added  advantage  in  that  the  apparatus  does  not  need  to  be  watched 
at  all  during  a  determination : 


te 


'From    the    Medical    Research    Laboratory,    Lakeside    Hospital,    Cleveland. 
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Glass  tubing  of  4  mm.  inside  diameter  is  cut  into  sections  about  8  cm.  long. 
One  end  of  each  section  is  sealed  off  in  the  flame,  and  the  other  is  drawn  to  a 
point  with  an  opening  about  2  mm.  in  diameter.  Some  means  is  then  provided  of 
attaching  this  to  the  long  glass  tubing  in  the  aeration  tube.  Wire  clips  are  easily 
made  that  serve  the  purpose  admirably.  This  short  tube  is  then  completely  filled 
with  the  reagent  used  to  prevent  foaming,  e.  g.,  amyl  alcohol,  and  it  is  attached 
as  shown  in  the  figure.  The  foam  rises  in  the  tube  until  it  reaches  the  capillary 
tip,  when  enough  alcohol  leaves  the  tube  to  lower  the  surface  tension  sufficiently 
so  as  to  prevent  foam  rising  higher.  Very  little  alcohol  is  required.  It  may 
be  necessary  to  vary  the  size  of  the  capillary  tip  with  various  chemicals  used 
to  prevent  foaming. 

Experiment  shows  the  amount  of  ammonia  caught  in  the  sealed  tube  as  the 
alcohol  is  drawn  out  is  negligible,  and  does  not  affect  the  determination. 

This  device  is  applicable  to  all  aeration  methods  in  which  foaming  occurs. 

A  small  wash  bottle  (filled  with  alcohol),  having  a  very  fine  capillary  tip, 
makes  the  filling  of  the  sealed  tube  very  simple. 
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EDITORIALS 


The  First  Year  of  the  Michigan  Tuberculosis  Survey 

IN  a  former  article  in  this  journal  (vol.  i,  p.  134)  I  told  of  the  plan  of  the 
Michigan  State  Board  of  Health  for  carrying  out  the  tuberculosis  survey  of  the 
state,  a  w^ork  rendered  possible  by  the  appropriation  of  the  sum  of  $100,000  by  the 
legislature  of  1915.  At  the  time  of  my  former  writing  the  survey  was  in  its 
beginning.  Now,  one  year  has  been  given  to  it,  and  it  may  be  of  interest  to 
give  in  some  detail  the  plan  pursued  and  the  results  so  far  obtained.  The  pur- 
poses had  in  view  were:  (1)  The  finding  of,  by  physical  examination,  so  far 
as  possible,  all  cases  in  the  state.  (2)  The  instruction  of  each  tubercular  in- 
dividual, so  far  as  found,  and  of  his  family  in  the  methods  of  living  best  suited 
to  prevent  the  spread  of  the  disease  to  others  and  to  arrest  the  progress  of  the 
disease  in  the  individual.  (  3 )  The  placing  of  each  infected  individual  under 
the  care  of  a  local  physician.  (4)  The  awakening  of  each  community  to  the 
desirability  of  concerted  action  in  the  endeavor  to  restrict  the  disease. 

The  area  unit  of  the  work  has  usually  been  the  county,  and  the  time  devoted 
to  each  county  has  been  three  weeks.  Tn  some  of  the  more  sparsely  inhabited 
sections  two  counties  have  been  taken  as  the  unit.  During  the  first  week  two 
visiting  nurses  go  into  the  county  and,  first  of  all,  they  visit  the  local  physicians 
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and  secure  their  cooperation.  This  has  been  most  successful  and  no  physicians 
have  failed  in  giving  the  work  most  hearty  support  and  personal  aid.  The  nurses 
then  go  to  the  teachers  and  ask  them  to  advise  all  scholars  who  seem  under  par 
in  health  to  come  to  the  clinics.  Along  with  the  nurses,  the  publicity  agent  goes. 
He  secures  the  cooperation  of  the  local  newspapers  which  print  articles  fur- 
nished by  the  agent,  and  advertise  the  free  clinic  and  advise  all  to  go  to  the 
clinic.  Thousands  of  columns  of  information  concerning  tuberculosis  have  been 
published  by  the  newspapers  of  the  state  without  cost.  Ministers  are  asked  to 
preach  about  tuberculosis  on  the  Sunday  at  the  close  of  the  first  week.  Manu- 
facturers are  asked  to  advise  all  men  working  under  them,  and  who  are  in  any 
way  out  of  health,  to  go  to  the  clinic. 

The  second  week  is  the  clinic  week.  The  diagnosticians  are  selected  for 
their  special  skill  in  the  detection  of  the  disease  in  its  early  stages.  They  are 
men  who  have  the  respect  and  confidence  of  the  profession.  Clinics  are  held 
simultaneously  in  each  important  city  or  village  in  the  county.  In  each  place 
three  rooms  are  used,  a  waiting  room,  a  dressing  room,  and  a  clinic  room.  In 
the  first  are  trained  nurses  taking  the  histories  and  the  temperatures,  and  mak- 
ing a  triplicate  record.  These  records  accompany  the  patient  into  the  clinic 
room  where  the  expert  makes  his  examinations  in  the  presence  of  the  local 
physicians.  Indeed,  he  gives  a  clinic  on  the  diagnosis  of  tuberculosis.  It  is 
estimated  that  more  than  ninety-five  per  cent  of  the  local  physicians  attend 
these  clinics  and  some  have  become  so  deeply  interested  in  the  work  that  they 
have  followed  the  expert  from  county  to  county,  and  have  become  so  skilled 
themselves  that  they  have  been  added  to  the  staff.  The  clinician  continues  the 
records  begun  by  the  nurses,  and  turns  over  one  copy  to  the  family  physician 
of  the  individual,  who  is  expected  to  report  the  further  history  of  the  case. 

The  third  week  is  given  to  educational  work  and  this  is  devoted  to  both  the 
community  and  to  the  individual.  Every  positive  case  found  by  the  expert  is 
visited  in  his  home  by  a  trained  nurse  who  gives  practical  lessons  in  house  sani- 
tation, food,  sleeping  quarters,  etc.  Talks  are  given  in  the  schools,  factories, 
churches,  clubs,  etc.  The  county  legislators,  or  supervisors,  as  they  are  called 
in  this  state,  are  seen  and  the  county's  needs  and  duties  are  pointed  out.  The 
local  physicians  are  urged  to  i:)rovide  weekly  free  clinics  for  the  detection  of 
tuberculosis.  The  need  of  a  county  sanatorium  for  the  cure  and  education  of 
the  positive  cases  is  made  evident.  In  all  these  directions,  the  work  is  bear- 
ing excellent  fruit.  As  a  result  of  this  work,  seven  full-lime  health  officers 
have  already  been  provided  in  small  cities  and  several  counties  have  made  a]i- 
propriations  for  sanatoria. 

I  am  quite  convinced  that  the  training  of  the  physicians  of  the  state  in  the 
early  diagnosis  of  tuberculosis  will  ultimately  prove  of  the  greatest  \alue.  1'he 
people  in  general  will  soon  forget  a])otit  the  campaign  against  tube^^■uIo'^i■>.  but 
the  local  ])hysicians  will  not  forget  and  with  tluir  weekly  free  clinics  the}-  will 
keep  the  work  going,  will  pro\e  its  value  to  tlir  conmiunilv,  and  will  secure  for 
themselves  a  higher  appreciation  i>\   the  natui-e  and   \alm'  of  their  si-rxicrs. 

As' concrete  examples  of  what  is  being  accomplished.  I  may  mention  v'^t. 
Clair  and  Ingham  Counties,  of  whieh  Port  Huron  and  l.ansing  are  the  county 
seats.      In   the   former  countv    4')4   ])ersons   were   examined   and   So   tound    to   he 
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positive  and  82  suspicious.  These  findings  have  led  already  to  provision  for 
an  open  air  school  for  the  tuberculous  children,  a  full-time  and  permanent  visit- 
ing nurse,  and  a  vote  to  appropriate  $15,000  for  a  county  sanitorium.  In  Ingham 
County  524  persons  were  examined  with  116  positive,  and  97  suspicious.  As  a 
result,  the  county  has  a  sanatorium,  and  the  city,  a  full-time  health  officer. 

Among  the  school  children  examined,  1114  have  been  found  to  have  the 
disease.  However,  a  larger  number  has  been  found  in  the  productive  age — 
from  twenty  to  fifty  years. 

The  total  population  of  the  area  surveyed  in  the  first  year  is  1,319,283. 
The  number  examined  is  11,528;  positive,  2,914;  suspicious,  2,231 ;  arrested,  375. 
There  is  no  claim  that  all  cases  of  tuberculosis  in  the  area  covered  were  found. 
The  physicians  in  their  weekly  clinics  are  constantly  adding  to  the  number.  It 
would  not  be  fair  to  suppose  that  if  all  the  inhabitants  of  the  area  were  exam- 
ined the  percentage  of  positive  cases  would  be  nearly  so  high  as  that  found  among 
those  actually  examined,  because  these  were  selected  for  examination  either 
because  they  were  known  to  have  been  unusually  exposed  to  this  infection  or 
because  of  the  evident  fact  that  they  were  not  in  robust  health.  Of  the  posi- 
tive cases  found  only  two  per  cent  had  already  been  reported.  In  other  words, 
ninety-eight  per  cent  were  cases  which  had  not  been  recognized  until  this  ex- 
amination.   The  positive  cases  are  distributed  by  stages  of  the  disease  as  follows: 

Advanced     6.8  per  cent 

Moderately   advanced    27.2  per  cent 

Incipient     52.6  per  cent 

Arrested  12.9  per  cent 

Not  determined   0.5  per  cent 

The  medical  history  of  this  year's  work  is  now  being  prepared  and  will 
undoubtedly  make  a  valuable  contribution  to  the  literature  of  tuberculosis.  It 
is  the  hope  of  the  State  Board  of  Health  that  it  be  permitted  to  go  over  the 
state  again  in  a  similar  way  and  finally  so  organize  each  county  that  it  may 
efficiently  continue  the  work  until  the  disease  is  wholly  eradicated. 

—V.  C.   V. 


The  Choice  of  Ruling  in  a  Blood  Counting  Chamber 

'X'HE  introduction  of  the  blood  counting  apparatus  with  the  well-known  ruling 
J-     of  Thoma  has  been  of   inestimable  value  to   clinical   medicine.      So   indis- 
pensable is  it  that  the  physician  of  the  present  day  cannot  practice  modern  medi- 
cine without  a  satisfactory  hemocytometer  as  part  of  his  equipment. 

The  original  Thoma  ruling  of  the  counting  chamber  is  designed  for  enumer- 
ating the  erythrocytes  alone.  It  is  not,  however,  a  satisfactory  ruling  for  counting 
the  leucocytes.  To  secure  a  ruled  surface  in  a  counting  chamber  adapted  to 
enumeration  of  both  red  and  white  cells,  the  original  Thoma  ruling  has  been  modi- 
fied; among  the  best  known  modifications  are  the  Neubauer  and  Tiirk  rulings. 
Of  the  various  rulings  described,  that  of  Neubauer  is  superior  to  all  others,  in 
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the  opinion  of  the  writer.     The  ruHng  for  counting  the  leucocytes  is  simple  and 
employs  the  fewest  possible  lines  for  an  accurate  count. 

So  obvious  is  the  advantage  of  the  Neubauer  or  Tiirk  ruling  over  the  original 
ruling  of  Thoma,  that  it  is  unfortunate  that  the  latter  is  still  upon  the  market. 
In  protesting  to  one  of  the  well  known  dealers  in  this  country  against  the  sale  of 
counting  chambers  with  the  Thoma  ruling,  the  writer  was  surprised  to  learn 
that  more  than  one-half  of  all  orders  received,  specified  the  Thoma  ruling.  This 
is  doubtless  due  to  ignorance  on  the  part  of  the  purchaser,  for  the  cost  of  a 
counting  chamber  with  one  of  the  newer  rulings  is  very  little  more. 

To  do  away  with  the  sale  of  counting  chambers  with  the  original  Thoma 
ruling,  it  is  to  be  hoped  that  authors  of  works  on  clinical  pathology  will  eliminate 
from  future  editions  illustrations  of  the  Thoma  ruling,  showing  only  those  of 
Neubauer,  Tiirk,  Zappert-Ewing,  etc.  It  would  also  be  a  great  gain,  if  the 
counting  chamber  manufacturers  and  dealers  would  agree  to  discontinue  cuts 
and  descriptions  of  the  original  Thoma  ruling  in  their  circulars. 

The  counting  chamber  designed  by  Biirker  in  1907  is  rapidly  growing  in 
popularity.  It  provides  two  ruled  areas,  and  preparations  for  counting  both  red 
and  white  cells  can  be  made  at  the  same  time,  thus  shortening  the  operation  con- 
siderably. Filling  the  chamber  is  also  much  simpler  in  the  Biirker  hemocyto- 
meter.  A  disadvantage  of  Biirker's  chamber,  the  writer  believes,  is  the  ruling. 
Several  years  ago,  at  the  request  of  the  writer,  Zeiss  made  the  Biirker  chamber 
wath  the  Neubauer  ruling;  and  very  recently  an  American  firm.  Max  Levy,  has 
also  placed  the  Biirker  chamber  with  Neubauer  ruling  on  the  market,  as  well 
as  a  modified  chamber  with  various  rulings. 

Those  purchasing  counting  chambers  are  urged  to  investigate  the  advantages 
of  the  different  rulings  before  ordering  apparatus.  Authors  and  dealers  might 
render  a  service  by  emphasizing  the  fact  that  the  Thoma  ruling  is  suitable  for 
counting  red  blood  cells  only. 

—R.  S.  M. 


Vitalism  and  the  New  Physiology 

IN  the  ever  expanding  volume  of  biological  literature  there  occasionally  ap- 
pear articles  in  which  an  account  is  given  (jf  the  present-day  attitude  of 
dififerent  schools  of  thought  regarding  the  time-honored  question  as  to  the  es- 
sential nature  of  the  life  processes.  The  well-known  address  of  Sir  Albert 
Schafer  before  the  P>ritish  Association  in  1912,  that  of  Sir  Oliver  Lodge  two 
years  later  before  the  same  society,  and  still  later,  in  1916,  that  of  Professor 
A.  B.  Macallum^  before  the  Society  of  B)iological  Chemistry  of  this  country. 
have  served  during  recent  years  as  bulletins  of  the  i)rogress  that  is  bi'ing  made. 
If  we  were  to  take  these  three  papers  as  the  sole  evidence  upon  whicii  to  form 
an  opinion,  we  should  be  compelled  to  conclude  that  a  mechanistic  conception 
of  the  life  processes   is  more  ten.nble   than   <mu'    which    holds   that    some   si)ecitic 

'Presiiknlial    .idilross.   Joiif.    liiol.    Chciii..    1914,   xvii. 
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influence,  called  for  want  of  a  better  term  "vital  force,"  is  the  important  con- 
trolling factor.  But  again  we  must  reopen  the  controversy,  for  in  his  recent 
Harvey  lecture  entitled  "The  New  Physiology,"  Dr.  J.  S.  Haldane  of  Oxford,- 
England,  has  presented  a  mass  of  evidence  which  is  so  strong  in  favor  of  a 
view  which,  although  not  vitalistic  in  the  older,  narrower  sense,  is  so  definitely 
opposed  to  that  of  pure  mechanistic  physiology  that  it  cannot  be  disregarded. 

It  is  pointed  out  at  the  start  of  this  lecture  that  it  was  about  the  middle  of 
last  century  that  a  group  of  physiologists,  impressed  with  the  wonderful  ad- 
vances then  being  made  in  physics  and  chemistry,  broke  away  from  the  "vital- 
ism" of  their  fathers  and  essayed  to  demonstrate,  by  their  experiments,  that  all 
animal  functions  are  explicable  on  a  purely  physico-chemical  basis.  Although 
it  is  undoubtedly  the  case  that  great  success  often  attended  the  researches 
undertaken  from  this  point  of  view — it  being  often  possible  to  find  some  satis- 
factory physico-chemical  explanation  for  an  isolated  physiological  process — yet 
as  time  has  passed,  fewer  and  fewer  have  been  the  results  of  such  a  nature,  un- 
til at  last  we  have  come  to  recognize  that  to  obtain  them,  innumerable  con- 
ditions in  the  environment  of  the  responding  tissue  must  be  maintained  in  a 
so-called  "normal  state."  Now,  as  Haldane  insists,  the  necessity  for  the  exist- 
ence of  this  normal  state,  in  order  that  a  given  stimulus  may  always  have  the 
same  eflrect,  indicates  that  there  is  something  involved  in  the  life  processes 
that  is  not  present  in  the  physical  world.  "The  physiologists  who  led  the  re- 
volt of  last  century  against  vitalism"  did  not  see  the  network  of  conditions 
which  come  into  play  in  influencing  the  efl:'ect  which  a  given  stimulus  will  have, 
and  moreover  these  older  workers  started  out  from  a  false  physico-chemical 
viewpoint  in  that  they  imagined  the  then  recently  discovered  fundamental  laws 
of  chemistry  (the  atomic  theory,  etc.)  to  represent  the  bed-rock  of  physico- 
chemical  knowledge. 

The  maintenance  of  this  normal  state  is  the  one  characteristic  of  living 
things,  and  the  aim  of  the  new  physiology  should  be  "not  to  ascertain  the  causes 
of  vital  activity  but  to  trace  out  its  normal  details."  To  make  this  clear,  vari- 
ous examples  are  given  of  recent  researches,  particularly  of  those  in  which  the 
author  has  himself  taken  so  prominent  a  part.  Thus,  in  the  response  of  the  re- 
spiratory center  to  the  slightest  changes  in  the  COo-tension  of  the  blood  is  seen 
a  mechanism  of  the  finest  order  of  delicacy  for  maintaining  a  normal  reaction, 
that  is,  a  normal  H-ion  concentration,  in  the  blood.  Whenever  anything  oc- 
curs which  tends  to  upset  this  normal  condition,  causes,  such  as  stimulation  of 
the  vagi,  come  to  have  effects  which  are  entirely  different  from  those  ordinarily 
observed:  e.g.,  apnea  cannot  be  produced  by  ordinary  inflation  or  deflation  of 
the  lung  when  there  is  a  high  tension  of  CO.,  but  it  is  readily  produced  when 
the  tension  is  low. 

As  another  illustration,  take  the  recent  observations  by  Haldane  and  Priest- 
ley on  the  excretion  of  water  by  the  kidneys.  After  drinking  very  large  quan- 
tities of  water  the  urine  becomes  extremely  copious  and  very  dilute,  thus  in- 
dicating that  the  secreting  cells  of  the  kidney  are  stimulated  to  activity  by  some 
change  in  the  concentration  of  the  blood;  they  form  one  of  the  physiological 
mechanisms  involved  in  maintaining  "the  normal."      The  question   is,   must  a 

-Reprinted  in  Science,  Nov.  3,   1916. 
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physico-chemically  measurable  change  in  blood-concentration  occur  to  bring 
about  this  diuresis,  or  are  the  cells  so  reactive  to  deviations  from  the  normal  that 
they  respond  to  changes  in  concentration  which  we  cannot  detect?  To  answer 
these  questions,  the  authors  examined  the  hemoglobin  content  and  the  electrical 
conductivity  of  the  blood,  before  and  during  the  potations,  with  the  result  that 
no  change  could  be  detected  in  hemoglobin  content,  and  one  that  was  just  per- 
ceptible in  electrical  conductivity.  Evidently  then  the  renal  cells,  like  those  of 
the  respiratory  center,  are  attuned  to  react  with  marvelous  sensitivity  to  changes 
from  "the  normal"  in  the  blood  which  are  no  more  than  just  perceptible  by  the 
most  delicate  and  refined  of  physico-chemical  methods  of  measurement. 

These  observations  along  with  many  others,  such  as  the  constancy  in  the 
concentration  of  sugar  and  sodium  chloride,  indicate  that  a  very  fine  physio- 
logical regulation  of  the  composition  of  the  blood  is  provided,  which  is  also  the 
case  for  the  regulation  of  its  total  volume  and  temperature.  These  are  the 
"normals''  and  the  function  of  the  physiologist  should  be  not  to  seek  for  some 
causal  explanation  for  each  separate  normal  which  he  may  succeed  in  isolating 
and  studying  apart  from  other  normals,  but  to  seek  for  interconnected  normals 
and  "their  organization  with  reference  to  one  another  and  to  other  organic  nor- 
mals." This  is  not  vitalism  but  simply  biology,  being  the  same  method  of  study 
as  that  followed  by  the  anatomist  "who  seeks  for  the  normal — the  type — which 
runs  through  and  dominates  the  variety  of  detail  which  he  meets  with,  and 
who  reaches  more  and  more  fundamental  types."  Such  an  idea  of  an  organized 
normal,  as  the  determining  factor  for  physiological  reaction,  brings  "unity  and 
light  into  every  corner  of  physiology,  for  it  helps  us  to  predict  just  as  the  ideas 
of  unalterable  mass  and  energy  help  us  to  predict."  Life  then  is  something 
apart,  it  is  an  entity,  and  it  cannot  be  defined  in  terms  of  anything  simpler, 
"just  as  we  cannot  define  mass  or  energy  in  terms  of  anything  simpler." 

The  new  physiology,  therefore,  concerns  itself  with  the  study  of  the  nor- 
mals, how  they  are  related  to  one  another,  how  they  react  on  or  are  afl:'ected 
by  other  normals,  their  relationship  to  environmental  conditions,  and  so  forth. 
It  is  not  biophysics  or  biochemistry,  but  is  biological  physiology.  The  attempt 
to  interpret  living  organisms  in  terms  of  physico-chemical  laws  is  judged  as 
having  been  "the  most  colossal  failure  in  the  whole  history  of  modern  science." 

The  paper  concludes  with  a  comment  on  the  relationship  between  physi- 
ology and  medicine,  which  in  essence  is  to  the  efifect  that  "the  mechanistic  physi- 
ology of  the  nineteenth  century  has  failed  to  take  the  rightful  position  of  physi- 
ology in  relation  to  medicine."  The  reason  given  for  this  false  attitude  is  the 
failure  of  the  mechanist  to  recognize  that  in  life  \vc  have  to  deal  not  with  sim- 
ple matters  of  cause  and  efifect,  but  with  interconnected  normals.  Disease  is  a 
perversion  of  the  normal,  so  that  the  physician  must  know  the  noi-mal  in  its 
elastic  and  active  organization;  he  nnist  know  how  health  is  maintained  under 
the  constantly  changing  conditions  of  environment,  llis  patlujlogy  should  con- 
cern itself  largely  with  the  study  of  how  health  tends  to  reassert  itself  under 
abnormal  conditions,  and  his  ])harniaco]()gv  should  he  not  so  much  an  investi- 
gation of  the  action  of  drugs,  hut  how  these  may  he  used  to  aid  the  hody  in  the 
maintenance  or  recstablishment  of  health.  The  author  claims  to  be  able  to  sec 
this  new   ph}'siol(jgy   as   aii])lie(l   to   medicine   growing   uii   more   (|uic-kly   in    this 
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country  than  in  the  old,  because  we  have  the  advantage  of  having  less  of  old  in- 
tellectual machinery  to  discard. 

In  advocating  that  the  physiologist  in  his  investigations  should  proceed, 
without  any  bias  in  favor  of  a  physico-chemical  hypothesis,  to  collect  accurate 
information  regarding  the  working  and  interdependence  of  the  various  functions 
which  go  to  make  up  the  normal,  there  is  no  clear  argument  that  a  mechanistic 
view  of  life  is  untenable.  That  the  normal  condition  of  the  blood  should  re- 
quire for  its  maintenance  a  degree  of  sensitivity  on  the  part  of  the  respiratory 
center  (toward  H-ion  concentration)  or  of  the  kidneys  (towards  the  water  con- 
tent of  the  blood)  that  is  reactive  to  changes  which  we  can  scarcely  recognize  by 
physico-chemical  means  surely  does  not  warrant  us  in  denying  that  a  mech- 
anistic interpretation  for  the  reaction  may  exist.  So  far  as  any  conclusion  is 
justifiable,  it  would  appear  to  be  merely  that  the  reactive  tissues  are  of  a  del- 
icacy that  is  greater  than  the  physicist  or  chemist  is  at  present  familiar  with. 
Nevertheless  the  lecture  is  of  immense  value  in  warning  us  that  we  should 
adopt,  for  the  present  at  least,  a  dififerent  attitude  towards  many  biophysical 
and  biochemical  problems,  and,  instead  of  going  out  of  our  way  to  explain  them 
in  terms  of  some  mechanistic  hypothesis,  devote  our  attention  to  accurate  and 
thoroughly  controlled  observation  of  the  facts. 

— /.  /.  R.  M. 


Epilepsy 

EPILEPSY  has  for  many  years  been  a  puzzle.  Doubtless  it  will  remain  a 
puzzle  judging  from  the  remark  of  Foster  Kennedy^  that  "from  the  West 
we  hear  of  the  epilepticoccus  and  the  removal  of  the  intestine,  and  from  the 
East  we  are  told  that  epilepsy  represents  an  effort  of  the  individual  to  resume 
his  fetal  position  in  the  mother."  If  we  come  no  closer  to  it  than  the  limits 
set  in  that  statement,  no  wonder  we  worry. 

Also  in  view  of  the  appearances  of  various  dogmatic  statements  concern- 
ing the  causes  of  epilepsy  in  each  of  which  there  is  a  grain  of  truth — and  some- 
times two  grains — we  should  be  grateful  for  a  discussion,  which,  like  Dercum's,^ 
summarizes  fairly  the  situation.  Dercum  calls  attention  to  the  fact  that,  as  has 
long  been  known,  heredity  plays  a  part  in  the  appearance  of  epilepsy,  and,  as  he 
says,  if  one  considers  all  forms  of  nervous  and  mental  disease  in  the  ancestry,  then 
the  heredity  percentages  are  high.  If  the  inquiry  is  restricted  to  the  trans- 
mission of  epilepsy  alone,  the  percentage  falls.  But  even  so  a  family  history  of 
nervous  and  mental  diseases  is  of  great  significance.  Other  factors  than  heredi- 
ty are  alcoholism,  syphilis,  and  other  toxic  factors  among  which  is  lead  poison- 
ing, each  of  which,  when  it  is  an  ancestral  factor,  acts  through  the  germ  plasm 
in  establishing  an  unstable  individual,  and  so,  Dercum  says,  "approaching  the 
subject  from  whatever  point  of  view  we  choose,  the  inference  is  unavoidable  that 
in  a  large  number  of  epileptics  there  has  been  a  primary,  a  basic  impairment  of 
the  germ  plasm.  Such  an  impairment  may  show  itself  in  various  nervous  or 
mental  conditions,  among  which  is  epilepsy." 

^Kennedy:     Jour.   Am.   Med.   Assn.,    1916,   Ixvii,   252. 
^Dercum:   Ibid.,   247. 
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Aside  from  these  cases  there  are  others  in  which  there  can  be  no  reasonable 
doubt  that  the  disease  is  directly  produced  by  intoxications  and  infections.  As 
intoxicants,  alcohol  and  lead  are  known.  As  infectious  agents  many  of  the  bac- 
teria are  known  to  be  active.  The  convulsions  which  accompany  the  infectious 
diseases  of  childhood  are  to  be  regarded  merely  as  epiphenomena  of  the  infec- 
tious processes,  and  are  to  be  explained  by  a  direct  toxic  action  on  the  cortex. 
Quite  commonly  they  disappear  with  the  infection.  Unfortunately,  they  occa- 
sionally persist  as  established  epilepsies.  Epilepsy  every  now  and  then  follows 
an  attack  of  typhoid  or  scarlet  fever,  less  frequently  measles,  whooping  cough  or 
influenza.  Not  uncommonly  there  is  a  history  of  convulsions  accompanying  the 
infection,  and  then,  after  an  interval,  possibly  of  months  or  of  years,  the  estab- 
lishment of  epileptic  attacks  follows.  In  such  cases  the  cause  may  be  in  mild 
encephalitides  or  even  in  scarring  and  contraction  of  the  meninges  caused  by 
the  original  infection. 

Another  factor  is  trauma,  which  produces  mild  lesions  at  the  time  of  in- 
jury, which  in  healing  lead  to  irritation  of  the  cortex. 

When,  Dercum  says,  we  review  the  facts,  one  fact  stands  forth  with  strik- 
ing prominence,  namely,  that  epilepsy  is  not  a  specific  clinical  entity,  but  is  a 
symptom  complex  which  may  be  brought  about  by  one  of  several  chance  factors. 
Whether  the  cause  in  a  given  case  is  internal  secretional  defects,  infection  or 
trauma,  one  may  only  discover  by  close  analysis  of  the  case.  Treatment  will 
be  governed  by  these  discoveries. 

—P.  G.  IV. 


Anatomy  from   the  Clinical  Standpoint. 

THERE  is  probably  no  part  of  the  description  of  the  body  so  badly  in  need  of 
revision  in  our  textbooks  as  that  of  the  pelvis,  and  this  notwithstanding  the 
fact  that  many  attempts  have  been  made  during  recent  years  to  elucidate  further 
the  problems  connected  with  this  region.  The  old  descriptive  anatomy  is  rapidly 
becoming  superceded  and  the  body  is  being  viewed  as  indeed  it  must  be  if  the 
physical  features  in  their  details  are  to  have  any  real  practical  and  living  value, 
from  the  standpoint  of  function.  This  by  no  means  belittles  the  significance  of 
pure  morphology.  It  simply  brings  anatomy  into  line  with  the  practical  study  of 
medicine  from  which  during  the  last  two  decades  it  has  tended  somewhat  to 
become  divorced. 

Dissection,  while  it  reveals  the  details  of  structure  so  necessary  for  adequate 
knowledge  of  the  body,  is  apt  by  the  very  technic  employed  to  obscure  our  view 
of  the  body  as  a  functioning  structure.  We  fail  to  get  the  correct  perspective;  to 
estimate  properly  the  ])roportionatc  ini])()rtanc(.'  in  fimcti(")n  of  tlic  dilliM-cnl  ele- 
ments. As  an  example  we  may  c|uolc  the  extraordinary  ingenuity  inxolved  in 
framing  the  description  of  the  pelvic  fascia  as  it  is  given  in  all  otn-  present  day 
textl)Ooks.  vSo  invrilvcd  is  this  descii])liim  and  so  impossiiilc  lo  comprclu'nd  lliat 
on  the  face  of  it  we  are  inclined  to  dou])t  if  the  description  can  accurately  repre- 
sent the  actual  conditions,  v^o  misleading  has  the  time  hoiuired  statement  of  the 
pelvic  fascia  become  even  to  anatomists  of  standing-  thai   \vc  Inid  in  llie  present 
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edition  of  Cunningham's  "Practical  Manual"  the  curious  statement  that  the  blad- 
der prostate,  lower  part  of  rectum  and  ureters  are  not  in  the  pelvis  at  all,  but  in 
the  pelvic  wall  since  they  are  imbedded  in  pelvic  fascia.  Surely  when  descriptive 
anatomy  has  attained  such  ludicrous  extremes  it  is  time  to  call  a  halt. 

Many  writers  working  on  the  clinical  aspect  of  anatomy  have  added  greatly 
to  our  knowledge  of  the  functional  significance  of  the  structures  in  the  pelvis, 
more  especially  the  importance  from  a  practical  standpoint  of  the  connective 
tissue  which  is  massed  together  under  the  general  term  pelvic  fascia.  So  far 
they  have  been  unable  to  influence  the  textbooks,  largely  because  they  have  con- 
fined their  remarks  to  isolated  portions  of  the  pelvis  and  have  not  dared  boldly 
to  overthrow  the  time  honored  descriptions. 

If  we  are  thoroughly  to  understand  the  significance  of  the  pelvic  connective 
tissue,  it  is  not  sufficient  simply  to  "depolarize"  the  terms  employed;  these  have 
been  used  for  so  many  generations  that  it  is  not  possible  to  eradicate  from  the 
minds  of  readers  their  ancient  significance.  It  is  necessary  to  describe  the  pelvis 
entirely  anew,  using  terms  which  shall  have  a  fresh  significance  and  which  cannot 
by  any  possibility  be  misunderstood.  Until  this  is  done  ruthlessly  and  efficiently, 
anatomists  must  expect  that  their  clinical  colleagues  will  continue  to  deplore 
the  unpracticality  of  the  study  of  conventional  anatomy. 

Let  us  consider  for  a  moment  the  connective  tissue  surrounding  the  vessels 
and  nerves  which  run  to  the  rectum  entering  the  viscus  below  the  great  valve 
of  Houston,  in  other  words,  through  the  perineal  chamber.  Ouenu  and  Hart- 
mann  in  their  description  of  resection  of  the  rectum  stated  that  after  cutting 
through  the  levatores  ani  the  surgeon  will  find  the  sacro  rectal  fibrous  tracts  and 
certain  insignificant  nervous  and  vascular  branches  which  he  will  tear  out  or  cut 
through  to  free  the  rectum.  Naturally  it  is  not  here  the  purpose  to  discuss  the 
precise  method  of  excision  of  the  organ.  We  wish  merely  to  emphasize  the  fact 
that  our  brilliant  French  contemporary  was  misled  by  conventional  anatomical 
description.  It  is  true  that  the  connective  tissue  when  dissected  is  not  powerful 
but  is  it  right  to  consider  this  tissue,  as  many  anatomical  writers  do,  in  the 
wholly  artificial  state  of  being  separated  into  sheets  or  strands  postmortem? 
Every  surgeon  realizes  that  when  he  has  cut  the  levatores  ani  only  he  can  pull 
down  the  rectum  a  matter  of  two  inches  at  the  most  and  that  if  he  stitches  the 
bowel  into  the  anal  skin  there  will  be  considerable  tension  on  the  sutures.  There 
must  be  something  holding  up  the  rectum  and  this  something  is  really  the 
"insignificant"  strands  of  connective  tissue  surrounding  the  vessels  and  nerves 
of  supply. 

The  term  rectal  stalk  has  been  suggested  by  Professor  Elliot  Smith  for 
the  perineural  and  perivascular  connective  tissue  supporting  the  perineal  chamber 
of  the  rectum,  in  the  conventional  description  the  lateral  part  of  the  lower  or 
rectal  layer  of  the  endopelvic  or  visceral  pelvic  fascia.  The  conventional  term, 
however,  means  nothing  and  should  be  discarded;  it  should  be  replaced  by 
Waldeyer's  term,  fascia  propria  of  the  rectum,  since  it  is  desired  to  convey  the 
significance  that  this  fascia  clinically  makes  the  rectum  a  "self-contained"  organ. 
Laterally  the  fascia  propria  is  more  extensive,  constituting  the  rectal  stalks. 
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That  these  rectal  stalks  are  actually  of  importance  in  supporting  the  rectum 
is  obvious  from  our  surgical  experience  already  mentioned  in  the  old  operation  of 
perineal  resection  and  if  this  operation  is  now  largely  discredited  it  has  at  least 
taught  us  the  necessity  for  revising  our  description  of  pelvic  anatomy.  In  a  series 
of  dissections  made  upon  new  born  infants  and  upon  adults  I  found  that  the 
isolated  but  vmdissected  rectal  stalk  measures  only  about  half  the  length  of  the 
contained  nerves  and  blood  vessels. 

The  nerves  and  blood  vessels  therefore  are  not  made  use  of  as  supporting 
bands ;  one  would  not  expect  it ;  the  surrounding  connective  tissue  in  bulk  mingled 
with  the  accompanying  muscular  strands  acts  as  the  real  but  quite  elastic  sup- 
port of  the  viscus.  The  comparative  length  of  the  nerves  and  blood  vessels  allows 
some  possibility  of  movement  of  the  rectum  as  a  whole,  permits  prolapse  to  a 
limited  extent,  as  seen  in  infants,  but  so  long  as  the  nerves  and  blood  vessels 
remain  uninjured  the  connective  tissue  surrounding  them  allows  only  a  moderate 
displacement. 

Relatively  speaking  the  rectal  stalks  in  the  infant  are  as  long  as  those  in  the 
adult  and  it  is  not  correct  to  state  that  prolapse  in  the  young  child  is  due  to  laxity 
of  the  attachments  of  the  organ.  Prolapse  is  permitted  in  the  infant,  as  it  would 
be  in  the  adult,  but  for  the  fact  that  in  the  latter  the  sacral  promontory  over- 
hangs and  protects  the  rectum  from  direct  pressure.  Moreover  in  the  adult  the 
genital  and  vesical  organs  are  not,  as  they  are  in  the  infant,  in  a  position  to  exert 
pressure  on  the  rectum. 

We  are  not  therefore  to  imagine  that  the  supports  of  the  rectum  are  in  any 
way  rigid  or  inelastic.  But  we  must  also  not  imagine  on  this  account  that  the 
supports  are  indefinite  or  inadequate.  We  must  in  other  words  look  upon  the 
anatomical  relations  and  facts  from  a  new  standpoint  if  we  are  to  interpret  their 
significance  with  any  degree  of  assurance. 

I  have  merely  used  the  rectal  stalks  as  illustration  of  the  newer  conceptions 
which  are  presenting  themselves  to  anatomists  and  to  clinicians  alike  in  the  study 
of  the  human  body  and  T  venture  to  predict  that  with  the  spread  of  these  con- 
ceptions anatomy  will  become  the  study  of  the  living  body,  it  being  recognized 
that  the  cadaver  presents  only  a  gross  caricature  of  the  functional  conditions 
represented  during  life. 

— r.  Wingatc  Todd  (per/.  /.  R.  }f.). 


Spirochetes  in  Healed  Syphilis 

46T3ET\\'EEN  the  pathologist  and  the  clinician  there  is  always  a  certain  an- 

-U     tagonism  of  attitude  with  reference  to  the  curability  of  any  given  disease. 

The  clinician  is,  and  naturally  must  be,  more  or  less  optimistic  as  to  the  results  of 

therapy The  pathologist becomes  pessimistic  as  to  ultimate  cure 

because  of  his   constantly  recurring  experience  of  finding  evidences   of   active 
disease  in  cases  clinicallv  ciwed." 
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With  this  statement  Warthin^  introduces  an  account  of  his  study  of  a  series 
of  cHnically  cured  cases  of  syphiHs  in  which  he  sought  the  Treponema  paUidum. 
He  used  the  original  Levaditi  method,  applying  it  in  41  autopsy  cases  which  were 
examined  on  the  pathologic  service  of  the  University  of  Michigan.  These 
cases  were  divided  into  three  groups :  ( 1 )  cases  in  which  there  was  a  known 
histor}^  of  syphilis,  with  treatment  regarded  as  adequate  and  resulting  in  a  cure; 
(2)  cases  in  which  the  syphilitic  infection  was  recognized  as  still  active,  treat- 
ment being  continued;  (3)  cases  in  which  a  syphilitic  history  could  not  be 
obtained  or  was  specifically  denied  by  the  patient,  the  clinical  diagnosis  not 
including  syphilis,  and  no  antisyphilitic  treatment  given.  In  group  1,  there  were 
11  cases;  in  group  2,  5  cases;  and  in  group  3,  25  cases.  In  all  of  these,  lesions 
of  active  syphilis  were  found  and  in  them  the  spirochetes  were  demonstrated. 
Active  luetic  lesions  were  found  in  the  heart  in  36  cases,  in  the  aorta  in  32,  in 
the  testes  in  31,  in  the  liver  in  4,  in  the  adrenals  in  6,  in  the  spleen  in  1,  in  the 
pancreas  in  6,  and  in  the  central  nervous  system  in  5.  The  order  of  organic  infec- 
tion according  to  frequency  is  aorta,  heart,  tests,  adrenal,  pancreas,  nervous 
system,  liver  and  spleen.  It  happens  logically  then,  that  the  triad  of  interstitial 
myocarditis,  aortitis,  and  orchitis  fibrosa  may  be  taken  as  a  pathologic  complex 
indicating  the  occurrence  of  a  syphilitic  infection  in  the  male. 

Warthin's  material  comes  almost  without  exception  from  the  University 
Hospital,  an  institution  in  which  the  patients  represent  the  average  middle  class 
population  of  the  State  of  Michigan,  and  the  forty-one  cases  he  has  studied  rep- 
resent about  one-third  of  the  adult  cases  which  were  subject  to  postmortem 
examination  in  1912-1914. 

In  group  1,  there  was  one  positive  Wassermann,  5  negative,  and  in  5  cases  a 
Wassermann  was  not  done.  In  group  2,  there  Avere  4  positive  Wassermanns, 
and  in  1  no  Wassermann  was  done.  In  group  3,  a  Wassermann  was  not  made  in 
11  cases,  was  negative  in  10,  and  positive  in  4. 

It  is  true,  as  Warthin  says,  that  the  sociologic  importance  of  this  is  very 
great.  It  places  latent  syphilis  upon  a  plane  of  importance  nearly,  if  not  equally, 
that  of  tuberculosis,  as  a  factor  opposed  to  the  health  and  progress  of  the  race. 
Latent  syphilis,  Warthin  believes,  will  be  found  to  be  the  chief  factor  in  the 
production  of  myocardial  insufficiency  and  the  cardiovascular  renal  complex,  ap- 
parently so  rapidly  increasing — so  rapidly,  one  may  add,  that  an  Association  has 
recently  been  formed  to  study  it  and  prevent  the  increase. 

From  the  therapeutic  side  the  lesson  is  evident,  and  from  the  standpoint  of 
serologic  reactions,  it  may  be  suspected  that  a  negative  reaction  means  nothing. 

—P.  G.  W. 


'Warthin:     Amer.   Jonr.  Med.   vSc,   1916   (1153)    508. 
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THE  APPLICATION  OF  THE  TYPHOIDIN  TEST  IN  A  GROUP  OF 
NURSES  AND  PHYSICIANS* 


By  Frederick  P.  Gay,  M.D.    (University  of  California)  and 
Albert  R.  Lamb,   M.D. 


THERE  seems  little  reason  further  to  doubt  that  the  skin  sensitiveness  to 
preparations  of  the  typhoid  bacillus  (typhoidin)  described  by  Gay  and 
Force^  in  typhoid  vaccinated  individuals  and  in  typhoid  recoveries  is  to  a  large 
extent  specific.  Their  findings  have  been  essentially  confirmed  by  Pulay,-  Meh- 
ler,^  Nichols,*  Kilgore,-^  and  Kolmer  and  Berge.''  Technical  error  accounts  for 
the  failure  of  Austrian  and  Bloomfield"  to  confirm  their  results. 

Question,  however,  may  still  exist  as  to  the  technic  of  the  test  itself  and  as 
to  the  interpretation  of  the  results  obtained,  and  this  communication  would  deal 
with  a  separate  group  of  individuals  studied  from  these  standpoints.  A  fuller 
discussion  of  all  the  questions  that  have  arisen  in  connection  with  this  reaction 
will  a])pcar  in  a  forthcoming  article  by  Force  and  Stevens**  with  whose  work  we 
have  been  in  tcjuch  and  to  whom  we  are  indebted  for  the  improved  method  ap- 
plied in  this  study  to  a  group  of  one  hundred  and  fifty-four  nurses,  physicians, 
and   attendants   in   the   Presbyterian  Hospital  of   New   York   City. 

The  technic  of  the  typhoidin  test  as  originally  described  by  Gay  and  Force 
consisted  in  the  api^lication  of  a  killed,  concentrated,  old  glycerine  broth  cul- 
ture of  a  single  strain  of  W.  ty])hi>sus  to  the  sliglitl}'  al)ra(lc(l  surface  of  the  arm. 
A  positi\'e  reaction  (lifi"ered  from  a  negative  result  in  a  quantitatixe  difference 
in  millimeters  in  the  diameter  of  the  areola  which  ajjpeared  around  ihe  abraded 
surface,  as  read  after  twenty-four  hours.  Kilgore'  has  allt'inpled  with  some 
success  to  standardize  this  technic  and  eliminate  the  subjective  cause  ol  error 
by  establishing  a  typhoidin  (juolient.  Another  impro\-enient  consisted  in  pre- 
venting a   recognized  deterioration   in   tlie    iluid   typhoidin    by   ])recipitaling  and 

"I'"i  1)111    tlu-   Mcdicil   Clinii-   of   Ciilunil)i,-i    rnivcisily,    I'lfsliy  Ici  i;in    Mospilal,    Niw    ^■()^k. 
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drying  the  active  constituents  by  means  of  absolute  alcohol  and  ether  (Gay 
and  Claypole°).  Of  greater  significance  are  the  additional  modifications  in- 
troduced by  Force  and  Stevens^  which  are  briefly  as  follows :  first,  the  use 
of  a  polyvalent  preparation  from  several  chosen  strains  of  typhoid  bacilli  to 
allow  for  the  probable  varieties  and  corresponding  antigenic  differences  in 
typhoid  bacilli  (Hooker^°)  ;  second,  the  employment  of  a  carefully  determined 
minimal  effective  dose  of  the  dried  polyvalent  typhoidin  (0.00002  gm.  in  0.05 
c.c.  of  0.5%  carbolated  saline)  ;  third,  the  injection  of  this  dose  intradermally ; 
and,  finally,  the  reading  of  the  reaction  in  forty-eight  instead  of  twenty-four 
hours.  This  later  period  tends  to  eliminate  the  nonspecific  irritative  reaction 
which  may  occur  in  normal  individuals  from  the  proteins  of  the  culture  media 
or  the  phenol  employed  as  a  diluent. 

In  the  adjoining  table  are  summarized  the  results  obtained  in  vaccinated 
individuals,  typhoid  recoveries,  and  normals  by  the  technic  just  described.  The 
criterion  of  a  positive  reaction  consists  in  the  presence  after  forty-eight  hours 
of  a  definite  indurated  papule  plus  a  reddish  areola  of  at  least  five  millimeters. 
In  no  instances  was  a  definite  papule  present  without  an  areola,  although  the 
reverse  relation  was  in  a  few  instances  the  case.  No  suggestive  or  doubtful 
reactions  are  included,  but  in  any  case  where  doubt  existed  the  test  was  re- 
peated and  any  result  which  did  not  meet  the  specified  criterion  was  classed 
as  negative.     Repeated  tests  agree  in  almost  every  instance. 


SUMMARY   OF  TYPHOIDIN   REACTIONS   IN   NURSES   AND   PHYSICIANS 
AT   THE  PRESBYTERIAN    HOSPITAL. 

No.  Examined  Positive  Negative      Per  Cent 

Positive 

I.     Cases  giving  a  definite  history  of  antecedent 

typhoid   fever   (2  to  22  yrs.  previously)  12  9  3  75% 

II.     Vaccinated  cases. 

Within  six  months   (New  York  Board  of 

Health  Vaccine)  29  19 

Six  months  to  1  year  "  50  Z2 

One  year  to  18  months.    P.  H.  vaccine  24  18 

Two  years  to  30  months.     "  "  13  7 

Three  to  five  years.    Various  vaccines.  5  2 

III.     Normals    giving    no    history    of    typhoid    or 

typhoid  vaccination.  21  3  18  14.28% 

Great  pains  were  taken  to  obtain  a  careful  history  in  those  cases  listed 
as  typhoid  recoveries,  and  they  may  be  accepted  as  fully  as  accurate  as  most 
histories  of  this  sort,  although  in  the  majority  of  cases  no  certain  history  of  blood 
cultures  and  Widals  was  obtained.  On  the  other  hand,  in  the  normals  (Group 
III)  care  was  taken  to  exclude  those  with  history  of  any  continued  fever. 
There  were  five  individual  cases  in  which  the  history  of  previous  typhoid  was 
suggestive  with  two  negative  and  three  positive  typhoidin  tests  which  are  not 
included  in  the  table. 

It  will  be  noted  that  the  majority  of  the  vaccinated  cases  had  been  im- 
munized with  vaccines  supplied  by  the  New  York  Board  of  Health,  or  else 
prepared  in  the  Bacteriological  Laboratory  of  the  Presbyterian  Hospital.  The 
Board  of  Health  vaccine,  was,  we  understand,  prepared  from  the  well-known 
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army  or  RawHng's  strain. ^^  The  Presbyterian  Hospital  vaccine  was  prepared 
from  a  strain  of  B.  typhosus  grown  there  on  artificial  media  for  some  twenty 
years,  and  originally  isolated  from  the  spleen  at  autopsy.  In  all  these  instances 
the  dosage  and  intervals  were  the  same,  namely,  three  doses  of  five  hundred 
thousand,  one  million,  and  one  million  bacteria,  at  weekly  intervals. 

A  survey  of  the  percentage  of  positive  results  shows  that  seventy-five  per 
■cent  of  those  individuals  that  had  recovered  from  typhoid  gave  a  positive  reac- 
tion. The  negative  reactions  bear  no  relation  to  the  date  of  the  antecedent  dis- 
ease since  two  cases  twenty-two  years  previously  were  both  positive.  From 
seventy-five  to  forty  per  cent  of  those  that  had  been  vaccinated  against  typhoid 
also  reacted  positively  and  in  general  in  decreasing  correspondence  with  the 
lapse  of  time  since  immunization.  The  higher  percentage  with  the  Presbyterian 
Hospital  vaccine  in  the  group  between  one  year  and  eighteen  months  previously 
may  be  accidental  or  may  point  to  a  fresher  or  more  antigenic  vaccine. 

The  results  obtained  in  this  group  of  cases  correspond  very  closely  to  those 
recently  obtained  by  Force  and  Stevens.^  The  percentage  of  typhoid  recov- 
eries giving  a  positive  reaction  is  not,  however,  so  high  as  in  the  original  com- 
munication of  Gay  and  Force, ^  which  may  depend  on  a  more  rigorous  criterion 
of  determination,  or  possibly  may  be  a  more  correct  indication  of  the  degree 
-of  protection  which  is  actually  afl^orded  by  recovery  from  typhoid  fever.  It 
has  generally  been  assumed  that  recovery  from  this  disease  protects  in  the 
great  majority  of  cases,  and  in  statistics  over  long  periods  of  time  it  has  been 
found  by  most  observers  (Curschman,^^  M'cCrae^^)  that  only  two  or  three  per 
cent  of  cases  of  typhoid  fever  give  a  previous  history  of  the  disease.  Such 
figures  would  seem  an  overestimate  rather  than  an  underestimate,  since  the 
period  at  which  these  figures  were  obtained  antedated  the  differentiation  be- 
tween typhoid  and  paratyphoid,  which  must  have  been  confused.  On  the  other 
hand,  more  recent  investigations  by  Sawyer  ^'*  and  Kelly  '^^  show  that  under 
conditions  of  massive  infection  from  eight  to  fifteen  per  cent  of  the  cases 
of  typhoid  may  give  histories  of  previous  typhoid  fever.  Protection  against 
typhoid,  either  by  recovery  or  by  vaccination  must  in  all  cases  be  regarded  as 
relative,  and  it  is  probable  that  any  recovered  case  of  typhoid  fever  could  be 
infected  with  the  disease  if  a  sufficient  dose  of  living  typhoid  bacilli  were  in- 
■gested. 

The  percentage  of '  presumably  normal  individuals  (14.28%)  that  give  a 
positive  typhoidin  reaction  corresponds  closely  to  the  nine  per  cent  originally  de- 
scribed by  Gay  and  Force,^  and  the  eleven  per  cent  of  Gay  and  Claypole."  Such 
cases  are  extremely  interesting,  and  the  question  at  once  arises  as  to  whether 
they  are  individuals  with  some  peculiar  nonspecific  susceptibility  of  the  skin,  or 
as  to  whether  they  may  at  some  time  have  undergone  an  unsuspected  infection 
with  B.  typhosus.  An  apparently  well-controlled  instance  of  abi)rtive  attacks 
of  typhoid  fever  in  a  group  which  also  showed  unmistakable,  well-dclined  in- 
stances of  the  disease,  all  of  which  gave  positive  typhoidin  tests,  has  already 
been  referred  to  by  Gay  and  CIayi)()le."  Another  possibility  is  that  certain  of 
these  normals  who  react  as  do  typhoid  recoveries  may  be  healthy  carriers  of  B. 
typhosus.     An  attempt  to  verify  this  latter  liypotlvesis  has   recently  been   made 
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on  two  Students  of  the  University  of  California,  who  gave  absolutely  no  history 
of  typhoid  fever  and  who  had  not  been  vaccinated  protectively.  Both  gave  a 
clear-cut,  positive  reaction  to  typhoidin.  The  Widal  in  both  cases  was  negative 
in  a  dilution  of  1-10,  and  an  attempt  to  isolate  the  typhoid  bacillus  from  the 
urine  and  from  the  stools  after  elaterin  catharsis^"  was  negative. 

Repetition  should  be  made  of  the  purpose  for  which  this  test  is  employed, 
as  compared  with  any  interpretation  of  what  its  true  significance  may  be.  Since 
the  reaction  occurs  in  those  individuals  who  are  known  to  be  more  or  less 
perfectly  protected  against  typhoid  fever,  the  test  w^as  originally  offered  as 
presumptive  evidence  of  protection  in  the  individual  case  w'hen  positive.  We 
have  seen  no  reason  to  alter  our  opinion  in  this  respect,  and  would  point  out  fur- 
ther indications  that  this  interpretation  of  the  reaction  is  true,  in  addition  to 
the  simple  relationship  observed.  In  the  first  place,  in  no  individual,  in  whom 
a  positive  reaction  has  been  obtained,  has  typhoid  fever  occurred.  This  might 
well  be  due  to  the  relatively  small  number  of  such  observations  that  have  been 
made,  but  it  is  interesting  to  find  that,  on  the  other  hand,  in  three  individuals, 
who  have  been  vaccinated  and  in  whom  a  negative  reaction  was  subsequently 
obtained,  typhoid  fever  shortly  thereafter  occurred.  Two  of  these  individuals 
were  laboratory  workers  and  exposed,  and  indeed  known  in  one  instance  to 
have  been  subjected  to  massive  infection ;  the  other  was  a  nurse  who  attended 
a  typhoid  patient.  In  the  second  place,  individuals  who  react  positively,  when 
re-inoculated  wdth  typhoid  vaccine  react  much  more  violently  than  do  individ- 
uals who  give  a  negative  typhoidin  test,  in  this  respect  resembling  typhoid  re- 
coveries, and  certainly  indicating  a  reaction  and  probably  protection  against  B. 
typhosus.  And,  finally,  individuals  who  have  been  vaccinated  against  typhoid 
and  who  react  negatively  become  positive  in  most  instances  on  further  im- 
munization. We  regard  the  attempt  of  Nichols*  to  explain  the  typhoidin  test 
as  an  indication  of  hypersusceptibility  rather  than  of  true  immunity  as  super- 
erogatory in  view  of  the  fact  that  both  conditions  would  seem  to  be  coincident. 

At  all  events,  whatever  may  be  the  eventual  understanding  of  a  positive 
typhoidin  test,  use  of  its  absence  as  an  indication  for  re-vaccination  certainly 
errs  on  the  side  of  safety  in  detecting  those  individuals  who  in  spite  of  typhoid 
vaccination  do  not  show  indications  of  a  reaction  to  the  typhoid  bacillus,  and 
who  are,  therefore,  presumptively  those  particular  individuals  who  under  ordi- 
nary conditions  of  infection  will  be  found  to  be  the  least  protected  ones. 
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CARDIAC  ANEURISMS* 


By  PauIv  G.  Woolley,  M.D.,  Cincinnati,  Ohio. 


CARDIAC  aneurism  is  a  subject  I  have  chosen  because  the  condition  is  rela- 
tively uncommon,  and  rarity  introduces  a  certain  modicum  of  interest  that 
one  may  not  feel  in  a  discussion  of  the  plain  ordinary  aneurisms  which  are  more 
frequently  seen.  It  illustrates  the  whole  subject  of  aneurism  so  that  in  speaking 
of  it  one  may  apply  the  principles  involved  in  vascular  aneurisms,  and  therefore 
the  interest  in  the  less  common  condition  may  be  carried  to  the  more  usual  one. 

The  heart  is  after  all  merely  one  section  of  the  vascular  tree  in  which  ar- 
rangements have  been  made  for  a  certain  temporary  storage  of  blood,  and  in 
which  the  mechanism  for  propulsion  of  the  blood  has  been  developed.  Accord- 
ingly the  possibilities  of  dilatation  have  been  increased  and  the  contractile  tissue 
of  the  walls  has  been  augmented  to  meet  the  physical  demand  of  forcing  a  latge 
volume  of  blood  against  a  constant  pressure.  Moreover,  in  order  that  the  blood 
flow^  shall  prevail  in  but  one  direction,  the  valves,  which  are  endocardial  reduplica- 
tions, and  which  correspond  to  the  valves  of  the  veins,  are  highly  developed. 
Structurally,  therefore,  the  heart  and  the  aorta,  in  which  aneurisms  are  most  fre- 
quently seen,  (not  to  speak  of  the  other  parts  of  the  vascular  system)  differ 
from  one  another  merely  in  the  amount  of  muscle  on  the  one  hand,  and  clastic 
tissue,  on  the  other.  The  j^hysiologic  activity  of  the  heart,  therefore,  depends 
largely  upon  the  cjuality  and  quantity  of  the  myocardium,  while  that  of  the  aorta 
depends  largely  upon  the  c|ualily  and  quantity  of  the  elastic  tissue.  The  quality 
of  any  tissue  depends  ui)on  the  amount  of  nourislmient  it  receives;  wliich  means, 
as  a  rule,  the  amount  of  normal  blood  su])i)lying  it.  'iMie  amount  of  blood  arriving 
at  any  point  of  a  tissue  (lci)ends  upon  the  ])ressurc,  within  or  upon,  the  organ, 
and  upon  the  condition  of  the  smalliT  vessels  carrying  tlie  blood.  In  ileus,  the 
muscular  wall  of  the  gut  Ijecomes  i)araly7.ed  largely  because  the  dilatation  (the 
internal  pressure)    cuts  down  the  blood  supply.     In  decubitus  the  skin  sloughs 
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because  external  pressure  cuts  off  the  blood  supply.  Degeneration  and  necrosis 
take  place  in  acute  inflammatory  foci  because  the  tissues  between  the  smaller 
vessels  swell  and  compress  the  vessels,  or,  in  more  chronic  cases,  because  over- 
growth of  fibrous  tissue  takes  place ;  and  this,  in  its  development  and  later  con- 
traction, compresses  the  vessels. 

In  the  heart  the  course  of  events  is  roughly  as  follows :  The  infecting 
organisms — in  syphilis,  the  spirochetes — arrive  by  way  of  the  blood  stream  and 
enter  the  smaller  vessels  of  the  myocardium  from  which  they  pass  into  the  peri- 
vascular spaces.  Here  they  set  up  an  inflammatory  change  of  a  chronic  order 
which  is  characterized  by  accumulations  of  small  round  cells,  and  a  slight  edema 
of  the  connective  tissue  cells  and  of  the  myocardium.  The  sequel  of  this  small 
celled  infiltration  is  perivascular  fibrosis  which  is  associated  with  a  minimum  of 
myocardial  degeneration.  As  time  goes  on  two  things  happen.  First,  the  peri- 
vascular connective  tissue  becomes  well-formed  and  contracts,  limiting  the  flow 
of  blood  through  the  vessels;  and  second,  it  becomes,  because  of  its  increased 
thickness  and  concentrated  colloidal  character,  less  permeable  to  the  dissolved 
food  stuffs  of  the  blood.  The  result  is  that  the  food  supply  of  the  myocardium 
is  gradually  diminished  and  atrophy  occurs.  Then,  because  of  the  relative  lack 
of  contractile  tissue,  strain  is  placed  upon  the  remaining  fibrous  tissue  which  is 
apt  to  undergo  hypertrophy,  and  so  fibrosis  appears.  Each  area  of  fibrosis  rep- 
resents a  point  of  weakness, — a  point  at  which  the  wall  of  the  heart  is  less  resist- 
ant to  continued  pressure.  In  the  aorta  the  same  process  commences  about  the 
vasa  vasorum  and  it  is  this  that  accounts  for  the  characteristic  pearly,  suc- 
culent, raised  patches,  and  for  the  intimal  puckerings.  Sections  through  these 
pearly  patches  show  an  intact  endothelium,  a  hyperplastic  subintimal  connective 
tissue,  (the  result  of  strain,  I  take  it),  an  atrophied  muscularis,  and  a  degen- 
erated disappearing  elastica,  and  about  the  vasa,  which  supply  the  outer  two- 
thirds  of  the  vascular  wall,  well  marked  small  round  cell  infiltration.  From  this 
time  on  the  changes  are  degenerative.  These  terminal  degenerative  changes  are 
the  ones  which  produce  the  appearances  which  are  indistinguishable  from  those 
associated  with  the  ordinary  ones  of  the  so-called  senile  atherosclerosis.  They 
are  developed  because  of  interference  with  the  nutrition  of  the  scar  tissue  in 
exactly  the  same  manner  as  the  primary  degeneration  of  the  media.  The  course 
of  events  is  as  follows :  The  normal  aortic  wall  is  nourished  in  its  outer  two- 
thirds  by  a  direct  vascular  supply.  The  inner  third  receives  its  nourishment  by 
indirect  means,  from  the  lumen  by  absorption  and  from  the  outer  vascular  layers 
also  by  absorption.  Therefore,  when  mediail  and  subintimal  fibrosis  has  devel- 
oped to  a  certain  degree,  and  especially  when  the  blood  supply  to  the  outer  two- 
thirds  has  been  reduced  as  we  have  described,  a  relative  lack  of  "food'  is  de- 
veloped and  the  newly  formed  tissue  tends  to  die,  in  evidence  of  which,  what 
one  knows  as  lipoid  and  fatty  degeneration  occurs,  and  atheromatous  abscesses 
appear,  which,  as  time  goes  on,  either  become  ulcers,  or,  becoming  calcified, 
form  placques. 

There  are  two  periods  during  which  the  vessel  wall  or  the  myocardium,  as 
the  case  may  be,  is  particularly  weak;  i.  e.,  during  the  period  of  more  acute 
inflammatory^  change,  and  during  the  period  of  degeneration.  At  either  period 
an  aneurism  may  develop  provided  the  physical  conditions   (i.  e.,  internal  pres- 
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sure)  are  propitious.  Usually,  during  the  latter  stage  which  appears  relatively 
late,  the  individual  is  less  active  and  the  internal  pressure  is  relatively  low. 
Aneurisms  are,  therefore,  less  frequent  in  old  age.  On  the  other  hand,  during 
the  early  stages,  the  individual  is  active,  and  apt  to  be  subjected  to  physical 
strain. 

This  factor  of  strain,  while  it  seems  to  be  a  secondary  factor  in  the  produc- 
tion of  aneurisms,  also  seems  to  be  a  necessary  one.  The  primrose  path  by  itself 
does  not  conduce,  of  itself,  to  aneurism,  but  as  a  person  follows  it,  it  seems  that 
he  must  stop  occasionally  and  do  some  hard  work  if  he  is  to  have  an  aneurism. 
This  is  why  it  is  the  young  men,  men  from  30  to  45,  who  are  the  sufferers 
from  this  condition.  In  my  series  of  24  aortic  aneurisms,  14  were  in  patients 
under  50  years  of  age;  20,  under  60  years.  In  a  series  of  12  diffuse  aortic 
dilatations,  10  were  under  60  years  of  age.  In  a  series  of  eight  perforating 
aneurisms  one  was  27  years  old;  one,  35;  two,  37;  one,  40;  one,  42;  and  two,  43. 
In  the  present  series  of  cardiac  aneurisms,  one  was  35  years  of  age,  the  other 
four  were  in  the  early  fifties.  In  these  series,  if  one  makes  allowance  for  the 
time  during  which  the  lesion  has  been  developing,  one  sees  very  clearly  that 
aneurism  is  a  disease  of  years  preceding  middle  age,  the  time  of  greatest  physical 
activity. 

These  are  briefly  the  facts  of  arteriosclerosis.  They  have  been  applied  less 
generally  to  the  heart.  Nevertheless  they  do  apply  to  the  heart  fully  as  well  as 
to  the  vascular  system.  Let  us  summarize  them  as  follows :  Just  as  long  as 
the  blood  supply  remains  adequate  a  tissue  will  do  its  work  within  physiologic 
limits,  even  if  the  demands  are  very  great.  A  heart  will  hypertrophy  just  as 
long  as  its  blood  supply  (through  the  coronaries)  is  sufficient.  It  will  dilate 
as  soon  as  the  blood  supply  is  not  adequate.  A  hypertrophic  heart  is  one 
which  is  a  well  heart;  a  dilated  heart  is  a  sick  one.  It  frequently  happens,  of 
course,  that  the  parenchyma  of  an  organ  is  not  able  to  make  use  of  an  available 
food  supply.  When  this  happens  it  is  because  the  composition  of  the  blood, 
aside  from  the  nutritive  constituents,  is  abnormal  and  this  reacts  upon  the  muscle 
to  damage  it.  The  abnormal  materials  in  the  blood  are  sometimes  soluble  and 
diffused  substances  (like  toxins,  phenol,  etc.),  and  then  the  effects  upon  the 
organ  are  diffuse  ones:  they  may  also  be  discrete,  and  insoluble  (emboli,  bac- 
teria, etc.)  and  then  the  effects  are  focal. 

So  much  by  way  of  an  introduction. 

^  sjc         :i:  :*;         jf: 

Cardiac  aneurisms  bear  somewliat  the  same  relation  to  diff"use  cardiac 
dilatations  that  vascular  aneurisms  bear  to  vascular  dilatations.  These  vascular 
lesions  are  most  prominent  in  the  aorta,  which,  if  it  be  aft'ected  focally,  becomes 
the  seat  of  local  dilatations  (aneurisms)  and  if  diffusely  damaged,  becomes 
dilated.  If  a  heart  is  diffusely  damaged  it  dilates  as  a  whole;  if  focally  dam- 
aged, it  develops  a  focal  dilatation. 

Cardiac  aneurisms  may  be  acute  or  chronic,  in  the  acute  cases,  the  dilata- 
tion is  rapid  and  definite  and  depends  upon  the  appearance  of  areas  of  softening 
in  the  myocardium  which  are  the  result  of  degenerative  processes  caused  by 
sudden  cutting  down  of  the  supply  of  nutriment  to  the  myocardium  with  or 
without  the  presence  of  bacteria.     These  sudden  vascular  effects  are  the  results 
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of  the  appearance  of  thrombi  or  emboh  in  the  branches  of  the  coronary  vessels. 
Emboli  may  come  from  infected  valves  or  from  primary  seats  of  disease  in  other 
parts  of  the  body.  When  such  sudden  degeneration  or  necrosis  (infarction)  of 
the  myocardium  appears,  the  cardiac  wall  is  weakened  and  bulges  under  the  in- 
fluence of  the  intracardiac  pressure,  and,  in  case  the  bulging  is  sufficient,  the 
myocardium  ruptures,  and  hemorrhage  into  the  pericardium  occurs.  In  some 
cases,  because  of  limitation  of  the  dilatation  by  pericardial  adhesions,  rupture 
does  not  take  place,  and  if  time  and  infection  permit  life  to  persist,  the  bulging 
becomes  permanent. 

On  the  other  hand,  well-formed  chronic  aneurisms  result  as  a  rule  from 
focal  myocardial  fibrosis,  caused  by  chronic  coronary  circulatory  defects,  or 
chronic  myocardial  infections. 

Myocardial  fibrosis  occurs  as  a  diffuse,  or  as  a  focal,  process.  In  the  first 
case  it  is  most  frequently,  perhaps,  a  sequel  of  myocardial  overwork,  as,  for 
instance,  in  persons  in  whom  there  exists  peripheral  vascular  sclerosis  and  high 
blood  pressure.  It  also  occurs  as  a  somewhat  diffuse  process  but  with  a  ten- 
dency to  focal  arrangement  as  a  result  of  certain  infections,  as,  for  instance, 
syphilis,  and  acute  rheumatic  fever.  It  is  possible  that  it  is  a  sequel  of  other  in- 
fections which  run  a  subacute  course  and  which  are  septicemic  in  character.  In 
the  second  case  it  follows  the  focal  myocardial  infections,  or  localized  degenera- 
tions, such  as  those  which  occur  as  a  result  of  coronary  sclerosis. 

Chronic  cardiac  aneurisms  result  from  focal  myocardial  fibrosis  because  at 
the  seat  of  a  myocardial  scar  the  heart  wall  is  weakened,  not  so  much  because 
fibrous  tissue  is  weaker  than  muscle,  which  it  is  not,  but  because  it  has  no  ''come 
back" — it  is  not  contractile  as  muscle  is — and  so,  being  stretched  by  the  force 
of  the  blood  pressure,  it  tends  to  remain  stretched,  and,  in  the  course  of  time, 
to  be  more  stretched  until  it  forms  a  saccular  continuation  of  the  cardiac  cham- 
ber. These  aneurisms  have  a  predilection  for  the  anterior  wall  of  the  left 
ventricle,  near  the  apex,  a  region  supplied  by  the  anterior  or  descending  branch 
of  the  left  coronary,  the  vessel  which  supplies  the  anterior  papillary  muscle  of 
the  left  ventricle  and  the  interventricular  septum.  Since  acute  complete  closure 
of  the  artery  leads  to  sudden  death  of  the  myocardium,  it  is  apparent  that  for 
the  production  of  a  fibrosis,  the  vessel  must  be  gradually  changed,  as  by  a 
developing  sclerosis;  or  the  myocardium  may  be  scarred  in  the  course  of  healing 
of  an  acute  lesion  caused  by  a  small  infected  embolus  which  does  not  block 
enough  of  the  main  vessel  to  bring  about  an  immediately  fatal  result. 

After  the  formation  of  a  myocardial  aneurism  has  begun,  adhesions  be- 
tween the  heart  and  the  pericardium  may  occur,  and  the  dilatation  may  be  hin- 
dered, or,  what  happens  less  frequently,  the  heart  may  rupture  into  the  pericar- 
dium. If  there  are  few  or  no  pericardial  adhesions  and  rupture  occurs,  death 
may  ensue  rapidly;  if  there  are  many  adhesions,  death  may  be  postponed  or 
may  occur  from  some  other  cause.  Also,  as  in  other  aneurisms,  the  sac  may 
become  filled  with  thrombi  and  prevent  rupture,  and  also  the  endocardium  may 
become  tremendously  hypertrophied  (fibrosis)  and  so  prevent  rupture.  "Weep- 
ing," or  oozing  of  blood  through  the  wall  is  not,  however,  prevented  in  such 
cases.  Many  of  the  cases  of  spontaneous  rupture  of  the  heart  are  in  reality 
cases  in  which  the  break  has  occurred  in  the  wall  of  a  cardiac  aneurism. 
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The  following-  cases  illustrate  the  subject  of  cardiac  aneurism : 

CASE    I. 

M.  P.,  No.  A-2775,  a  woman  of  middle  age,  was  brought  to  the  hospital 
on  May  20,  1916.  When  she  arrived  in  the  receiving  ward  she  was  moribund, 
and  died  10  minutes  later.     No  history  was  obtained. 

Autopsy  Protocol. — The  body  was  that  of  a  short,  thick  woman,  well 
formed  and  well  nourished.  Rigor  mortis  was  not  present ;  postmortem  lividity 
was  present.  The  whole  body,  above  the  waist,  was  covered  with  scratch  marks 
and  in  the  axilla  and  the  hair  of  the  head  there  were  tremendous  numbers  of 
pediculi  and  ova.     Pediculi  were  crawling  on  the  surface  of  the  body.     When 


Fig.  1. — Case  A-2775.  (Case  I.)  Note  the  hypeitrophied  ventricular  wall  in  which  the  lihrosis  is 
apparent.  lvsi)ecially  note  the  sclerotic  endocardium  which  lines  the  hidging  area.  Observe  also  the  thin- 
ness of  the  apical  myocardium  where  the  nuisculature  is  not  bulged  showing  that  even  a  thin  healthy  wall 
may  be  as  efficient  as  a  thick  tibrotic  one. 

the  calvarium  was  removed,  there  was  a  gush  of  thin  clear  serous  fluid  in  very 
large  amounts.  The  dura  was  more  than  usually  adherent  to  the  calvarium  and 
was  edematous.'  The  pia  was  tremendously  edematous  so  that  it  stood  up  in 
large  blebs  which  measured  4  cm.  in  diameter.  Here  and  tliei\',  paitictilarly 
over  the  anterior  half  of  the  cerebral  lobes,  the  pia  was  scarred  and  clouded  witii 
fibrosis.  Then."  was  no  cxidence  of  infection.  'I'he  ])ia  was  also  decidedly  con- 
gested. The  branches  of  the  Circle  of  Willis,  particularly  llu'  basillar,  tlie 
vertebral  and  carotids,  as  well  as  the  smalk'r  branches,  showed  an  e.xceedingiy 
well-marked  condition  of  arteriosclerosis  with  calcilicatioii.  Thcie  was  no  dis- 
tmct  evidence  of  thrombosis.     The  dura  of  the  base  was  Ljenti  all\ .  but   not  con- 
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siderably,  thickened  and  more  than  normally  adherent.  There  was  no  evidence 
of  trauma  about  the  head.  The  peripheral  lymph  glands  were  somewhat  en- 
larged and  shotty.  There  were  no  masses  in  the  breasts.  There  was  a  slight 
edema  of  the  ankles.  The  finger  nails  were  cyanotic.  The  pupils  were  slightly 
dilated,  the  right  being  a  little  larger  than  the  left.  The  teeth  that  remained 
were  in  a  horrible  condition  and  were  represented  merely  by  necrotic,  movable 
stumps.  Many  of  the  teeth  were  almost  completely  gone  superficially  and  their 
places  were  indicated  merely  by  stumps. 

The  subcutaneous  fat  was  very  well  developed.  The  muscles  were  scantily 
developed  but  of  good  color.  The  intestines  seemed  to  occupy  a  normal  posi- 
tion; the  appendix  was  in  situ  and  evidently  healthy.  The  omentum  was  coiled 
up  above  the  transverse  colon.  There  were  no  adhesions  in  the  pelvis ;  the 
tubes  and  ovaries  were  free.  There  was  a  tremendous  congestion  of  the  veins  in 
the  ovarian  plexus.  The  lower  border  of  the  liver  was  9  cm.  below  the  ensi- 
form  and  6  cm.  below  the  costal  margin  in  the  right  mammillary  line. 

In  the  pericardial  cavity  was  a  slight  increase  of  fluid  which  was  blood- 
stained— about  25  c.c.  There  were  posterolateral  adhesions  in  the  left  pleural 
cavity  and  a  small  increase  of  blood-stained  fluid.  In  the  right  pleural  cavity 
there  were  no  adhesions. 

There  were  numerous  intestinal  diverticula  about  four  feet  above  the  cecum. 
There  were  old  adhesions  between  the  gall  bladder  and  duodenum  and  between 
the  edge  of  the  left  lobe  of  the  liver  and  stomach. 

The  spleen  was  enlarged  and  quite  firm.  The  capsule  was  only  slightly  and 
generally  thickened.  On  section,  the  organ  was  very  evidently  congested  and 
firm.     The  Malpighian  bodies  were  visible. 

The  left  adrenal  was  beginning  to  show  cavitation.  The  right  adrenal 
showed  nothing  unusual.  The  left  kidney  was  somewhat  smaller  than  usual  and 
quite  firm ;  the  capsule  stripped  with  comparative  ease  but  left  a  generally  granu- 
lar surface  which  was  torn  in  some  few  places.  In  the  cortex  there  were  a  few 
retention  cysts.  The  stellate  veins  were  not  congested.  The  cortex  was  slightly 
thin,  the  line  of  demarcation  between  cortex  and  medulla  was  faint.  The  glome- 
ruli and  interlobular  vessels  were  congested.  The  pelvis  seemed  to  be  healthy 
The  right  kidney  resembled  in  all  respects  the  left  except  that  it  was  slightly 
larger,  also  there  was  more  evident  congestion  in  it. 

The  heart  was  quite  large  and  the  right  side  was  moderately  dilated,  par- 
ticularly the  auricle.  The  epicardium  was  smooth.  The  subepicardial  fat  was 
somewhat  increased  in  amount.  On  the  anterior  aspect  of  the  left  ventricle 
near  the  apex,  was  an  area  over  which  the  epicardium  was  distinctly  thickened 
and  this  area,  to  the  fingers,  felt  as  though  the  wall  of  the  heart  were  thin,  and 
almost  as  though  the  fingers  could  be  forced  through  the  wall.  ,  The  pulmonary 
and  tricuspid  valves  were  healthy.  There  was  perhaps  a  slight  thickening  of 
the  edges  of  the  tricuspid  valve  but  it  was  not  unusual.  The  foramen  ovale  was 
closed.  The  tip  of  the  left  ventricle  was  dilated  and  the  area  of  dilatation  w^as 
filled  with  old  thrombi,  some  of  which  were  softened.  About  this  cardiac 
aneurism,  the  endocardium  was  exceedingly  sclerotic.  The  columnse  carnese 
which  had  evidently  been  hypertrophied,  were  evidently  completely  replaced  by 
fibrous  tissue  and  the  dilatation  had  extended  in  such  a  way  that  some  of. these 
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fibrotic  columns  formed  trabeculse  across  the  aneurism.  The  aortic  orifice  was 
not  dilated  and  the  valves  were  not  very  much  changed,  although  they  were 
somewhat  fibrotic.  There  was  no  evidence,  however,  from  the  appearances  of 
an  insufficiency.  The  valves  were  competent  to  the  water  test.  Beginning  in 
the  transverse  arch  of  the  aorta  and  extending  down  into  the  iliacs,  the  whole 
vessel  was  the  seat  of  an  exceedingly  well  marked  dififtise  luetic  mesaortitis.  In 
the  ascending  part  of  the  arch  there  seemed  to  be  nothing  but  some  patches  of 
fatty  degeneration.  The  coronaries  showed  a  very  well-marked  patchy  arte- 
riosclerosis. In  some  places  the  vessels  were  almost  free  from  sclerotic  changes ; 
in  others,  the  tip  of  a  fine  probe  could  barely  be  passed  through. 

The  liver  was  of  fair  size  and  exceedingly  flabby.  The  lower  margin  of 
the  right  lobe  of  the  liver  was  deformed  by  scar  tissue  and  the  capsule  was 
thickened.  Scattered  here  and  there  upon  the  surface  of  both  lobes  were  small 
nodules  measuring  not  more  than  ^  cm.  in  diameter,  two  or  three  of  them 
raised  above  the  surface  with  an  area  of  contraction  about  them.  Other  areas 
of  the  same  general  appearance  did  not  seem  to  be  raised  above  the  surface  and 
had  no  contraction  about  them.  In  several  instances  there  were  stellate  scars 
which  extended  into  the  liver  substance.  On  section,  the  organ  showed  evi- 
dence of  a  moderate  degree  of  passive  congestion.  The  surface  was  rather 
deeply  congested  and  there  was  evidence  of  a  considerable  amount  of  fatty  de- 
generation. The  whole  organ  was  exceedingly  edematous.  The  gall  bladder 
was  small,  the  walls  were  thickened  moderately,  particularly  the  peritoneal  sur- 
face which  was  definitely  sclerotic  and  in  the  gall  bladder  was  an  ovoid  choles- 
terin  calculus. 

The  right  lung  was  of  fair  size,  the  pleura  for  the  most  part  was  smooth. 
At  one  point  on  the  posterolateral  inferior  edge  of  the  upper  lobe  was  an  area 
of  almost  complete  consolidation  over  which  there  was  a  fine  fibrinous  exudate 
upon  the  pleura.  On  cross  section,  this  area  had  a  congested  granular  surface. 
It  had  a  somewhat  wedge-shaped  form  and  seemed  to  represent  a  focus  of 
acute  lobular  consolidation.  There  were  apparently  no  thrombi  in  the  vessels 
leading  to  it.  The  rest  of  the  lung  tissue  was  only  moderately  congested  and 
scarcely  edematous.  The  apex  was  scarred.  The  left  lung  showed  almost  a 
completely  atelectatic  and  scarred  lower  lobe,  and  an  almost  completely  normal 
upper  lobe.  The  apex  was  irregularly  scarred,  irregularly  contracted.  On  sec- 
tion, it  was  distinctly  meaty,  very  firm  and  within  the  substance  there  were 
small  areas  of  purulent  infiltration. 

The  stomach  was  generally  congested,  there  was  something  of  a  morocco 
leather  appearance  throughout  the  mucous  membrane  and  an  increase  in  amount 
of  mucus  on  the  surface  between  the  ruga?.  On  stretching  the  stomach,  the 
rugae  could  be  almost  completely  flattened.  There  was  nothing  unusual  in  the 
duodenum  which  was  also  congested. 

The  pancreas  was  distinctly  congested  but  shcjwcd  nothing  else  abnor- 
mal. Tlie  intestinal  tract  showed  an  increase  in  mucus  on  the  surface,  was 
somewhat  edematous  and  somewhat,  particularly  in  patches,  congested.  The 
contents  of  the  intestines  were  bile-stained.  There  was  a  moderate  degree 
of  hyperplasia  of  the  solitary  follicles.  in  tlir  largo  inleslines.  particularly 
•in    the    cecum,    there    was    a    definite    difjhtluroid    exudate    upon    the    surface. 
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This  extended  to  a  lesser  degree  throughout  the  rest  of  the  large  intestines. 
In  the  sigmoid  there  were  numbers  of  diverticula. 

Anatomic  Diagnosis. — Syphilitic  mesaortitis ;  peripheral  arteriosclerosis 
affecting  particularly  the  coronaries,  renals,  and  cerebral  vessels ;  partial  cardiac 
aneurism;  hypertrophy  and  dilatation  of  the  heart;  myocardial  fibrosis;  edema 
of  the  brain ;  chronic  diffuse  nephritis ;  passive  congestion  of  the  liver,  kidney, 
spleen  and  pancreas;  acute  lobular  pneumonia;  pulmonary  atelactasis;  chronic 
catarrhal  gastritis;  chronic  follicular  enteritis;  acute  diphtheroid  colitis;  pedic- 
ulosis; scoliosis;   cholelithiasis. 

Remarks. — In  this  case  the  basis  of  the  myocardial  changes  seemed  to  rest 
upon  a  luetic  process  which  had  produced  very  definite  coronary  changes  to- 
gether with  myocardial  fibrosis.  This  latter  may  have  been  due  either  to  the 
infection,  or  to  the  coronary  condition,  or,  more  probably,  to  both.     There  were 


Fig.  2. — Case  A-4464.  (Case  II.)  In  this  case  the  heart  is  apparently  elongated  and  immediately 
at  the  apex  is  the  irregular  slit  indicating  the  point  of  rupture  of  the  aneurismal  sac  which  produced  the 
appearance  of  increased  length. 

no  pericardial  adhesions,  but  the  endocardium  and  epicardium  were  hyperplas- 
tic, conditions  which  prevented  rupture  of  the  aneurism.  Evidently  the  thrombi 
within  the  sac  were  not  essential  in  offering  resistance  to  rupture,  for  they  were 
softened.  Death  in  this  case  was  evidently  directly  associated  with  the  lobular 
pneumonia,  which,  with  the  acute  pseudomembranous  colitis,  may  be  looked 
upon  as  evidences  of  a  terminal  infection. 


CASE   II. 

E.  T.,  No.  A-4464,  was  brought  to  the  Receiving  Ward  of  the  Cincinnati 
General  Hospital,  as  an  emergency  case,  on  June  30,  1916.  He  died  within  a 
few  minutes  after  arriving  at  the  hospital.     No  clinical  history  was  obtained. 

Autopsy  Protocol,  (M.,  J.  S.) — The  body  was  that  of  a  well  developed,  well 
preserved,  white  man  about  50  years  of  age.     Postmortem  rigidity  was  exceed- 
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ingly  well  marked  and  lividity  was  present  in  the  dependent  portions.  The  pu- 
pils were  equal  and  dilated.  The  teeth  were  discolored  though  in  fair  condition, 
and  the  gums  were  pyorrheic.  The  lips  were  cyanotic.  The  chest  was  barrel- 
shaped,  the  abdomen  somewhat  pendulous,  and  the  superficial  veins  were  slightly 
distended.  Both  ankles  seemed  enlarged,  and  the  right  seemed  to  have  under- 
gone some  bony  ankylosis,  as  it  could  not  be  moved. 

The  subcutaneous  fat  was  abundant  and  the  superficial  muscles  were  well 
developed.  Upon  removing  the  sternum,  the  lungs  partially  collapsed.  There 
were  about  500  c.c.  of  a  slightly  blood-tinged  fluid  in  each  pleural  cavity.  There 
were  no  pleural  adhesions  in  the  left  cavity.  From  the  right  anterior  axillary 
line  to  the  vertebral  border  and  as  far  upward  as  the  third  rib,  the  right  lung  was 
adherent  by  fibrous  adhesions.  The  mediastinal  and  pericardial  fat  was  very 
abundant.  When  the  pericardial  sac  was  opened,  a  large  quantity  of  blood- 
tinged  fluid  and  clot  flowed  out.  The  amount  of  blood  in  the  pericardial  cavity 
was  about  20  ounces.  The  omentum  was  filled  with  fat  and  the  mesentery  sim- 
ilary  contained  a  great  amount  of  fat.  Around  the  cecum  there  were  numerous 
old  fibrous  adhesions  and  the  appendix  was  adherent  behind  the  ileum  and  was 
represented  by  a  short  fibrous  tag  containing  no  lumen.  There  was  no  fluid  in 
the  abdominal  cavity.     There  were  no  adhesions  about  the  gall  bladder. 

The  left  lung  was  voluminous  and  crepitated  throughout.  There  were  a 
few  small  shotty  areas  beneath  the  pleura  which  no  section  represented  obso- 
lescent calcified  tubercles.  The  cut  surface  of  the  lung  showed  no  gross  abnor- 
mality. The  right  lung  contained  the  remains  of  numerous  fibrous  pleuritic 
tags.  The  lower  lobe  was  soft,  and  friable,  but  crepitated  throughout.  This 
lobe  was  considerably  congested  and  edematous  and  was  the  only  portion  of  the 
lung  that  showed  any  pathologic  change. 

The  heart  was  about  twice  its  normal  size.  There  were  numerous  old  fibrin- 
ous adhesions  between  the  epicardium  and  the  pericardium.  These  adhesions 
were  very  short  (^  inch)  and  drew  the  myocardium  out  into  a  small  aneurism. 
The  apex  of  the  left  ventricle  had  ruptured ;  the  site  of  rupture  occurring  in  a 
thin  aneurismal  sac  measuring  about  2  inches  in  diameter,  the  walls  of  the  sac 
being  represented  evidently  by  fibrous  tissue  lined  by  endocardium  throughout. 
Over  the  epicardium  covering  the  sac,  were  numerous  blood  clots  undergoing 
organization  and  the  endothelial  lining  of  these  contained  a  number  of  small 
fibrinous  vegetations.  The  heart  and  aorta  were  not  opened  but  were  sent  to 
the  museum  intact. 

The  liver  was  about  of  normal  size;  it  had  an  irregularly  granular  surface 
of  a  pinkish-blue  color.  It  cut  with  increased  resistance  and  the  cut  surface  was 
purplish-red  in  color,  and  showt'd  an  increase  in  both  fibrous  and  fatty  tissue; 
the  lobules  stood  out  prominently,  due  to  fibrous  contraction.  The  gall  bladder 
contained  about  twelve  black,  irregularly  shaped  concretions,  all  of  about  the 
same  size.  The  concretions  A\(.'rc  rather  soft,  '{'here  was  present  in  the  gall 
bladder  about  1  ounce  of  greenish-black  fluid. 

The  kidneys  were  slightly  enlarged.  The  capsules  stripped  with  some  dif- 
ficulty leaving  a  mottled  surface  on  which  the  stellate  veins  appeared  moderately 
congested.  The  cortex  was  dinn'nished  in  thickness  and  the  line  of  demarcation 
between  cortex  and  int'duUa  was  lost.     Thr  glomernli   were  \isible  as   red  con- 
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gested  points.  The  interlobular  veins  were  congested.  The  renal  pelvic  fat 
was  greatly  increased. 

The  spleen  was  greatly  enlarged.  Upon  the  upper  surface  there  was  a 
large  cyst  containing  about  500  c.c.  of  a  clear  straw-colored  fluid.  The  inner 
lining  of  the  cyst  was  thin,  pale  and  glistening  and  was  thrown  into  folds  which 
readily  disappeared  on  stretching.  The  cyst  did  not  extend  into  the  substance  of 
the  spleen,  but  lay  within  the  capsule.  The  cut  surface  was  soft  and  pulpy  and 
very  friable. 

Anatomic  Diagnosis. — Ruptured  cardiac  aneurism;  cyst  of  the  spleen; 
chronic  diffuse  nephritis  (interstitial  type)  ;  acute  splenic  tumor;  cirrhosis  of 
the  liver;  absolescent  pulmonar}-  tuberculosis. 

Remarks. — This  case  illustrates  again  the  abrupt  termination  in  cases  of 
cardiac  aneurisms  when  the  dilated  portion  of  the  myocardium  is  not  pro- 
tected by  ventricular  thrombi  or  pericardial  adhesions.  It  also  illustrates  a  con- 
dition of  affairs  which  has  given  rise  to  much  discussion,  namely,  one  in  which 
there  are  a  few  pericardial  adhesions  which  it  has  been  suggested  have  been  an 
important  factor  in  the  production  of  dilatation  by  exerting  traction  on  the 
cardiac  wall.  Diverticula  of  other  organs, — esophagus  and  intestines, — are 
sometimes  caused  in  this  way,  hence  the  term  "traction  diverticula."  Whether 
or  not  traction  was  an  important  factor  in  this  case  cannot  be  stated,  though  the 
facts  suggest  it. 

CASE   IIL 

B.  F.,  No.  3708,  was  admitted  to  the  Cincinnati  General  Hospital  on  July 
29,  1915.     He  died  on  November  4,  1915.     The  clinical  history  has  been  lost. 

Autopsy  Protocol. — The  body  was  that  of  an  old  gray-haired  man,  5  feet 
tall.  It  was  evidently,  though  not  markedly,  bowed  forward.  It  was,  as  to  the 
upper  part,  rather  illy  nourished ;  as  to  the  lower,  well  supplied  with  fatty  tissue. 
Rigor  mortis  was  incomplete.  Lividity  was  brilliant.  To  the  left  of  the  coccyx 
was  a  superficial  bedsore  6x4  cm.  in  diameter.  Five  centimeters  below  the  left 
great  trochanter  was  a  second  bedsore,  round,  punched-out  in  appearance,  its 
base  on  the  muscle  and  its  sides  sharp  and  clean.  It  measured  4  cm.  in  diameter. 
The  left  leg,  commencing  17  cm.  below  the  great  trochanter,  was  greenish,  a  hue 
that  increased  as  the  foot  was  approached,  until  in  the  foot  itself,  it  was  a  black- 
ish green  and  showed  evidence  of  liquefaction  necrosis.  The  terminal  half  of 
the  foot  had  been  amputated  and  at  the  site  of  the  operation,  the  necrotic  meta- 
tarsal bones  protruded  from  the  surrounding  foul  greenish  dead  tissues.  The 
right  leg  had  suffered  not  at  all  though  the  right  foot  in  the  region  covering  the 
OS  calcis  laterally  and  on  the  plantar  surface,  was  gangrenous.  Just  below  the 
external  malleolus  was  a  deep  penetrating  ulcer  6x2  cm.  Under  the  internal 
malleolus  was  a  second,  round  one  2.5  cm.  in  diameter. 

The  interesting  feature  of  this  case  was  the  cardiovascular  system.  The 
heart  was  enlarged  and  dilated  especially  on  the  right  side,  but  also  considerably 
on  the  left.  The  muscle  was  brown.  Upon  the  anterior  surface  of  the  left 
ventricle  near  the  base  medially,  was  an  area  which  to  the  touch  suggested  the 
presence  of  bone  in  the  myocardium.  Scattered  about  this,  were  numerous 
myocardial  scars  showing  as  pale  striated  areas  beneath  the  epicardium.     The 
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left  coronary  was  exceedingly  firm  and  very  sclerotic.  It  was  so  thick  and  im- 
pregnated with  lime  salts  that  if  was  opened  with  difficulty.  The  left  branch  of 
the  descending  branch  of  the  left  coronary  was  also  exceedingly  sclerotic  and 
almost  obliterated.  It  was  this  branch  which  led  directly  to  the  firm  area  men- 
tioned above.  \Mien  the  ventricle  was  opened,  it  appeared  at  once  that  the  area 
of  hardening,  which  measured  some  3^  cm.  in  diameter,  w^as  actually  a  very 
thin  lamella  of  fibrotic  myocardium  not  more  than  1  mm.  in  thickness  and 
densely  filled  with  lime  salts.  The  endocardium  of  both  ventricles  was  fibrotic 
and  the  columnas  carne^e  and  papillary  tendons  were  also  sclerotic.  The  valves 
were  not  especially  damaged  though  they  were  slightly  fibrotic.  The  aorta  also 
was  not  remarkably  aft'ected.  At  but  one  point  in  the  arch  was  there  a  well 
marked  area  of  atheroma,  though  there  were  a  number  of  fatty  areas  of  degene- 
ration in  the  intima.  The  main  branches  of  the  aorta  were,  however,  more  af- 
fected by  the  sclerotic  process,  and  this  was  especially  true  of  the  main  branches 
of  the  subclavians,  and  of  the  iliacs.  The  spermatics,  internal  epigastrics,  obtu- 
rators, profundas  and  the  femorals,  popliteals,  and  their  terminal  branches  all 
simulated  calcified  tracheas,  and  this  was  especially  noticeable  in  the  left  leg. 
Here,  the  popliteal  was  almost  completely  obliterated  just  above  the  origin  of 
the  anterior  tibia. 

The  lungs  were  very  healthy  in  general  appearance,  although  the  left  was 
almost  completely  adherent  to  the  mediastinal  tissues  and  to  the  parietes.  Nev- 
ertheless on  section  they  were  pale  and  dry  and  had  no  areas  of  consolidation. 

The  liver  weighed  1175  grams,  and  was  pale  brownish  yellow,  nodulated 
and  sclerotic.    The  bile  ducts  were  patent. 

The  spleen  (120  grams)  was  flabby,  the  edges  rounded,  the  capsule  thick- 
ened at  scattered  points,  and  the  pnlp  slightly  fibrous,  showing  enlarged  Mal- 
pighian  corpuscles. 

The  pancreas,  aside  from  a  very  definite  fatty  infiltration,  showed  no  micro- 
scopic changes. 

The  kidneys  (left  120,  right  90  grams)  were  small,  granular  and  pale.  Each 
showed  the  remains  of  fetal  lobulation.  To  each  the  capsule  was  moderately 
adherent.    The  cortices  were  thin  and  gray,  the  medullse  fibrous. 

The  adrenals  showed  increase  of  medullary  tissue  with  focal  accumulations 
of  cortical  tissue  simulating  adenomas.  The  pelves  of  the  kidneys  and  the  ure- 
ters were  healthy.  The  bladder  was  contracted  and  held  an  ounce  or  so  of  a 
cloudy  urinous  fluid.  The  mucous  membrane  was  intensely  reddened,  and  thick- 
ened. Upon  a  number  of  the  folds  were  patches  of  fibrin  forming  white  points. 
The  urethra  was  not  inflamed.  The  prostate  was  small  and  fibrotic.  Hotli  tes- 
ticles were  very  small,  scarcely  larger  than  ordinary  ripe  olives. 

The  brain  was  exceedingly  edematous.  There  were  patches  of  artorio- 
sclerosis  in  the  arteries  of  the  base,  but  no  evidence  of  blocking  of  the  lumens. 

Anatomic  Diagnosis.— Diffuse  peripheral  arteriosclerosis;  coronary  arte- 
riosclerosis; gangrene  of  right  leg,  and  left  foot  (partial)  ;  partial  cardiac  aneu- 
rism; atrophic  cirrhosis  of  the  liver;  myocardial  fibrosis;  cardiac  hypertrophy 
and  dilatation;  fatty  infiltration  of  the  pancreas;  edema  of  the  brain;  arteri- 
osclerotic kidneys;  acute  catarrhal  cystitis;  atrophy  of  the  lesticles. 

Remarks. — This    case    illustrates    a    relati\<,'l\'    rare    locatii'ii    of    a    cardiac 


232 


THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 


aneurism,  and  it  also  illustrates  typically  what  may  happen  to  a  section  of  myo- 
cardium whose  blood  supply  is  so  gradually  decreased  that  the  functional  tissue 
is  completely  replaced  by  fibrous  tissue,  and  in  which  the  fibrous  tissue  later 
becomes  infiltrated  with  lime  salts. 

In  this  case  the  changes  in  all  the  organs  are  predominantly  sclerotic  which 
indicate  the  presence  of  very  general  vascular  changes.  The  slow  progress  of 
this  condition  is  indicated  in  the  age  of  the  patient. 

CASE   IV. 

C.  G.,  No.  6136,  was  admitted  to  the  Cincinnati  General  Hospital  on  No- 
vember 24,   1915.     He  died  on  December  22,  1915. 

Clinical  Notes. — The  patient  came  to  the  hospital  complaining  of  short- 


Fig.  3. — Case  6136.  (Case  IV.)  Note  the  lamellated  clot  more  than  half  filling  the  left  ventricle, 
and  also  note  the  extreme  fibrosis  of  the  ventricular  myocardium.  At  the  tip  of  the  ventricle  the  clots 
fill  the  meshes  of  the  fibrotic  myocardial  wall. 


ness  of  breath.  He  had  previously  been  in  the  hospital  from  October  15,  1915, 
to  October  27,  1915. 

For  a  year  he  had  felt  under  the  weather.  He  had  been  a  heavy  drinker  of 
spirits,  but  denied  venereal  infection.  The  difficulty  of  which  he  complained 
troubled  him  for  at  least  a  year,  during  which  time  he  was  especially  uncom- 
fortable at  night.  For  three  months  he  reacted  badly  to  the  slightest  exer- 
tion. With  this  he  had  a  dry  cough.  Two  weeks  before  his  first  admission  he 
spat  up  a  little  frothy,  pale  red,  bloody  fluid.  For  six  monnths  he  had  some 
edema  of  the  feet  and  legs,  and  for  some  months  had  urinated  frequently.  For 
two  weeks  he  had  an  edema  of  the  external  genitalia.     His  bowels  were  regular. 

On  October  17,  the  following  note  was  made:  Pupils  equal;  right  radial 
pulse  stronger  than  the  left  which  is  almost  imperceptible.  Apex  beat  visible 
and  palpable  to  the  left  of  the  nipple  in  the  fifth  interspace ;  impulse  strong  and 
heaving.     The   first   sound   at   the   apex   is   reduplicated;   the   second   pulmonic 
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slightly  accentuated.     There  are  no  audible  murmurs.     There  was  visible  pulsa- 
tion in  the  first  interspace  and  well  marked  retrosternal  dullness.     There  was  no 
tracheal  tug.     The  legs  below-  the  knees  were  moderately  edematous. 
Relative  cardiac  dullness : 

First   interspace       2.3    cm.    to    right. 

2.5     "       "    left. 
Second   interspace   2.8   cm.    to    right. 
3.3     "       "    left. 
Blood  pressure :     Right  arm — systolic  156,  diastolic  125. 
Left      "   —  '     "       144,         "         120. 

The  radiographic  report  on  October  20th  was  as  follows :  "The  heart  is 
lying  in  a  transverse  position.  Its  long  diameter  has  apparently  increased.  Up- 
per mediastinal  shadow  is  broader  than  usual  and  from  the  relation  of  its  curves 
suggests  an  enlargement  of  the  aortic  arch."  A  fluoroscopic  examination  of  the 
chest  revealed  no  circumscribed  enlargement  of  the  aortic  arch,  but  instead,  a 
diffuse  enlargement  suggesting  a  dilatation  of  the  aorta. 

The  \\  assermann  reaction  was  negative. 

During  his  stay  in  the  hospital  his  temperature  remained  normal  except  for 
an  occasional  rise  to  99.5°  (maximum).  Pulses  remained  between  60  and  100; 
respiration,  20  —  30. 

He  was  discharged,  unimproved,  at  his  own  request  on  October  27,  1915. 

At  the  time  of  his  second  admission  on  November  24,  1915,  the  patient  was 
generally  edematous,  and  exhibited  Cheyne-Stokes  breathing.  His  urine  con- 
tained albumin  and  casts.  Over  the  base  of  each  lung  there  were  signs  of  edema. 
The  heart  was  enlarged;  15  cm.  to  the  left;  3  cm.  to  the  right.  The  cardiac 
rhythm  was  irregular.  A  faint  systolic  bruit  was  heard  just  below  the  left 
nipple. 

As  time  went  on  there  was  no  improvement.  The  patient  was  drowsy  most 
of  the  time ;  Cheyne-Stokes  breathing  persisted ;  the  pulse  became  gradually 
weaker,  and  death  occurred  on  December  22. 

Cl,inical  Diagnosis. — Dilatation  of  the  aorta ;  arteriosclerosis ;  chronic 
diffuse  nephritis ;  myocardial  insufficiency ;  mitral  insufficiency. 

Autopsy  ProtocoIv  (G.) — The  body  was  that  of  a  well  developed,  poorly 
nourished  negro,  apparently  about  50  years  old,  and  six  feet  tall.  The  ex- 
tremities were  edematous.  The  teeth  were  in  exceedingly  poor  condition,  those 
that  were  present, — two  above  and  seven  below.  The  right  pupil  was  twice  the 
size  of  the  left. 

When  the  chest  was  opened  the  lungs  did  not  collapse ;  each  pleura  con- 
tained about  500  c.c.  of  clear  fluid,  and  no  adhesions.  Botli  lungs  were  con- 
gested and  edematous.  The  left  showed  an  apical  scar.  In  the  riglit  lung,  in 
the  lower  lobe  was  an  area  of  consolidation  about  the  size  of  a  hen's  egg. 

The  pericardial  fluid  was  not  increased.  The  heart  was  markedly  enlarged 
and  also  dihitcd.  the  latter  condition  being  espcciall\'  prominent  in  the  riglit 
ventricle.  Tlic  tricuspid  \al\cs  were  lliickciu'd  ;md  lilMotic.  Tlir  left  wnlriclc 
was  exceedingly  hy])frtr()phied,  and  near  the  apex  was  a  mass  of  tlu-onibus  at- 
tached to  the  myocardium  which  was  extremely  thin  and  fibroid.  The  myocar- 
dium was,  generally,  the  seat  of  a  well  marked  librosis.     The  aortic  \alvcs  wore 
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slightly  thickened,  and  the  aorta  showed,  especially  about  the  mouths  of  the 
coronaries,  thickening  and  many  scattered  patches  of  atheroma.  Subintimal 
fatty  changes  were  especially  prominent.  The  whole  aorta,  but  particularly  the 
arch,  was  somewhat,  though  not  strikingly  dilated.  The  mitral  valve  was  sclerotic, 
and  the  leaflets  much  thickened. 

The  peritoneal  cavity  contained  a  small  amount  of  free  fluid.  The  mesen- 
teric glands  were  enlarged  and  firm,  but  showed  no  visible  evidences  of  disease. 
The  stomach,  liver  and  spleen  were  congested.  The  liver  was  of  normal  size 
but  unusually  firm.  The  pancreas,  intestines  and  adrenals  w^ere  not  unusual. 
The  ureters,  bladder  and  prostate  showed  nothing  of  note. 

The  kidneys  were  small  and  scarred  as  if  by  healed  infarcts.  The  capsules 
stripped  readily  leaving  somewhat  granular  surfaces.  The  cortices  were  nar- 
rowed, and  there  was  some  evidence  of  sclerosis. 

Permission  to  remove  the  brain  was  not  given. 

Anatomic  Diagnosis. — Chronic  diffuse  nephritis;  myocardial  fibrosis;  car- 
diac thrombosis ;  cardiac  hypertrophy  and  dilatation ;  aortic  dilatation ;  aortic 
atherosclerosis ;  terminal  lobular  pneumonia ;  congestion  of  lungs,  liver,  spleen 
and  stomach ;  anasarca. 

Remarks. — This  case  offers  an  exceedingly  good  illustration  of  what  hap- 
pens in  preparation  for,  and  prevention  of,  cardiac  aneurisms.  The  whole  myo- 
cardium w^as  the  seat  of  an  extensive  very  diffuse  fibrosis,  which  had  been  ac- 
centuated near  the  apex  of  the  left  ventricle.  At  that  place  the  wall  of  the 
cavity  was  composed  almost  entirely  of  fibrous  tissue,  and  was,  compared  with 
the  rest  of  the  myocardium,  very  thin.  Evidently  there  had  been  the  tendency 
for  the  heart  to  bulge  out  at  this  point.  But  during  the  period  of  incipient  bulg- 
ing, thrombosis  had  occurred,  and  over  the  whole  area  of  thinning,  clots  had  been 
laid  down  forming  lamellae  which  had  been  sufficiently  firm  to  protect  the  ven- 
tricular wall.  It  seems  reasonable  to  expect  that,  had  the  myocardium  as  a 
whole  been  more  vigorous ;  had  there  been  a  higher  blood  pressure,  and,  there- 
fore, a  more  rapid  stream  of  blood,  a  more  distinct  bulging  would  have  been 
produced. 

CASE    V. 

Clinical  Notes. — M.  G.,  hospital  No.  A-6479,  a  colored  female,  aged  35, 
married,  a  washwoman,  was  admitted  to  the  Cincinnati  General  Hospital,  Sep- 
tember 30th,  1916,  complaining  of  "shortness  of  breath,  and  swelling  of  the  legs 
and  stomach." 

Family  History.- — The  patient's  mother  died  of  dropsy  at  the  age  of  55 
years. 

Past  History. — The  patient  had  "measles,"  "mumps"  and  "whooping  cough" 
in  childhood.  She  had  arthritis  of  both  ankles,  wdth  swelling  and  pain,  after 
she  was  grown.  She  denied  having  had  venereal  infections.  The  patient  said 
she  used  to  drink  about  three  glasses  of  beer  daily  but  no  whiskey  until  six  months 
ago.  She  did  not  use  tobacco,  or  drugs.  She  had  two  children,  aged  18  and  5 
years,  both  living  and  well.  The  patient  was  in  the  hospital  last  Spring  and  at 
that  time  she  was  emaciated.  She  complained  of  pain  in  the  epigastrium.  There 
was  a  tumor  just  to  the  left  of  the  median  line  and  above  the  navel.     This  was 
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about  the  size  of  a  pigeon's  egg,  or  larger.  It  had  a  pulsation  which  at  times 
seemed  to  be  expansile  although  the  tumor  and  pain  disappeared  on  the  adminis- 
tration of  iodide  potassium  in  large  doses  and  the  patient  was  discharged  after 
a  few  weeks,  feeling  well. 

Present  Illness. — The  patient  has  been  feeling  badly  ever  since  the  first  of 
September.  She  had  had  shortness  of  breath  on  the  least  exertion.  She  fre- 
quently has  had  to  sit  up  at  night  because  of  dyspnea.  About  a  week  after  the 
onset  her  feet  began  to  swell.  The  swelling  has  gradually  increased  and  the 
abdomen  began  to  swell  before  she  came  to  the  hospital. 

Physical  BxaniinaHon. — The  patient's  general  condition  was  fair.     The  pu- 


Fig.  4.- — Case  A-6479.  (Case  \'.)  In  this  case  the  heart  was  elongated  and  the  tip  bull)ous.  The 
aneurismal  sac  was  well  developed  and  filled  with  a  recent  red  clot  in  which  organization  was  conunencing 
about  the  peri|)hery. 

pils  were  moderately  dilated.  They  reacted  to  light  and  accommodation.  There 
was  no  nystagmus.  The  conjunctivae  were  slightly  injected.  The  cars  and 
nose  were  negative.  The  tongue  was  moist.  Many  teeth  were  missing.  Those 
which  remained  were  in  poor  condition.  There  was  pyorrhea  alveolaris.  There 
was  a  general  glandular  enlargement,  including  the  epitrochlears.  The  glands 
were  only  slightly  enlarged  and  discrete.  The  thorax  was  symmetrical  and  expan- 
sion was  equal.  The  lungs  were  negative  on  percussion  and  auscultation,  except 
for  slight  dullness  at  the  bases,  without  alteration  in  the  signs  on  auscultation. 
The  heart  apex  was  one  inch  outside  the  mid-clavicular  line.  The  cardiac  dull- 
ness was  not  given.     The  rhythm  was  irregular.     Tlicre  was  a  systolic  murmur 
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at  the  apex  which  was  also  heard  along  the  sternum  with  a  diastolic  murmur 
at  the  aortic  area.  The  abdomen  was  distended.  There  was  a  movable  dull- 
ness in  the  flanks.  There  was  moderate  edema  in  the  lower  extremities.  The 
reflexes  were  normal. 

A  Wassermann  reaction  was  positive.  The  sputum  was  examined  for 
tubercle  bacilli,  and  none  were  found.  The  urine  was  yellow.  Specific  gravity 
1.010,  slightly  acid,  albumin  present.  There  was  no  sugar.  Microscopically 
granular  and  liyaline  casts  and  leucocytes  were  found. 

On  October  10th,  the  patient  had  improved  very  much.  The  edema  of  the 
lower  extremities  had  practically  disappeared  and  the  dyspnea  was  less  marked. 
On  the  19th,  she  had  continued  to  improve.  The  edema  had  disappeared  and 
she  was  allowed  to  be  up  for  an  hour.  On  October  25th,  the  patient  wakened 
suddenly  about  5  o'clock  in  the  morning  complaining  of  a  very  severe,  sharp, 
continuous  pain  in  her  abdomen.  She  was  found  in  a  sitting  posture  and  had  both 
bands  on  the  abdomen.  She  was  also  vomiting  at  times.  On  examination  there 
was  some  distension  of  the  abdomen  but  no  apparent  localized  tenderness  al- 
though she  complained  of  pain  in  the  right  upper  quadrant.  There  was  no 
rigidity  and  no  masses  palpable  in  the  abdomen.  The  following  day  she  still 
complained  of  pain  in  the  abdomen.  There  was  rigidity  in  the  upper  right 
quadrant.  The  liver  was  enlarged  a  finger  breadth  below  the  costal  margm. 
On  November  9th,  the  apex  impulse  was  diffuse,  most  marked  in  the  sixth  inter- 
space, 7  inches  from  the  mid  line.  Relative  cardiac  dullness  extended  8  inches 
to  the  left  in  the  seventh,  7  inches  in  the  sixth,  and  6%  inches  in  the  fifth.  The 
dullness  to  the  right  was  not  given.  In  the  seventh  interspace  retraction  was 
noticed  during  each  systole.  No  murmurs  were  heard  at  the  apex.  There  was 
a  faint  diastolic  and  a  blowing  systolic  murmur  at  the  base.  Traubes'  space  was 
dull.  The  liver  was  11  cm.  below  the  xiphoid  cartilage  and  5  cm.  below  the 
costal  margin  in  the  nipple  line.  On  November  12th,  a  catheterized  specimen 
of  urine  showed  2  grams  of  albumin  per  liter  with  numerous  hyaline  and  some 
cellular  casts,  also  granular  casts  and  pus  cells.  Moist  rales  were  heard  at  the 
base  of  each  lung.  November  13th — aspiration  of  the  pericardium  yielded  6 
ounces  of  bloody  viscid  fluid. 

X-ray  examination  of  the  gastrointestinal  tract  on  October  10th,  was  en- 
tirely negative. 

On  November  8th,  there  was  marked  increase  in  the  transverse  diameter 
of  the  heart,  especially  involving  the  left  ventricle.  Fluoroscopic  examination 
of  the  chest  showed  the  transverse  diameter  of  the  heart  markedly  increased 
in  width,  the  right  side  of  which  does  not  pulsate. 

The  patient's  temperature  was  for  the  most  part  normal  or  subnormal 
with  occasional  rises  to  99°  or  99.6.°  The  pulse  was  between  80  and  100, 
respiration  120  two  days  before  death.     Respirations  were  between  20  and  30.      i 

Clinical  Diagnosis.— Nephritis ;  cardiac  hypertrophy  and  dilatation;  aor-     | 
tic  insufficiency;  pericardial  eft'usion;  passive  congestion   of  the  liver;   ascites,     | 
general  anasarca;  passive  congestion  of  posterior  lower  lobes  of  the  lung;  uremia; 
syphilis ;  hemopericardium. 

Autopsy   Protocol    (G.   G.) — Necropsy. — The  body   was  that  of  a  well 
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nourished  negress  about  the  age  of  35.  Postmortem  rigidity  was  very  slight 
and  there  was  sHght  Hvidity  in  the  dependent  portions.  Over  the  left  hip 
was  a  linear  scar  which  ran  horizontally  and  was  about  3  inches  long.  There 
was  a  small  trochar  wound  about  1  inch  to  the  left  of  the  midsternal  line  and  in 
the  fourth  interspace.  The  teeth  were  in  poor  condition,  the  majority  were 
present  but  many  were  in  a  carious  condition.  The  eyes  were  equal ;  the  pupils 
were  not  dilated  but  there  was  present  an  internal  squint  of  the  right  eye.  The 
lower  extremities  on  both  sides  showed  some  edema.  The  subcutaneous  tissues 
were  very  moist  and  edematous  over  the  whole  abdomen  and  chest.  The  muscu- 
lature of  the  abdomen  was  very  poorly  developed.  There  was  an  area  of  inter- 
stitial hemorrhage  just  beneath  the  trochar  wound  about  3  inches  long  and  2^2 
inches  wide.  \Mien  the  abdominal  cavity  was  opened  it  was  found  to  be  filled 
with  a  straw-colored  fluid.  The  stomach  was  distended  but  the  small  intestines 
were  contracted  and  the  bladder  was  about  empty.  The  peritoneum  was  very 
much  injected  and  both  the  lesser  and  greater  omentum  were  deeply  injected.  The 
appendix  was  m  situ  and  apparently  healthy.  There  were  many  adhesions 
between  the  anterior  surface  of  the  right  and  left  lobes  of  the  liver  and  the  ab- 
dominal wall.  The  left  pleural  cavity  was  fairly  free  from  adhesions  but  there 
was  present  about  4  ounces  of  a  bloody  fluid.  When  the  chest  was  opened,  the 
left  lung  did  not  collapse  but  the  right  did.  On  the  surface  of  the  pericardium 
beneath  the  point  of  the  trochar  wound  was  another  interstitial  hemorrhage  of 
about  3  inches  in  diameter.  The  pericardium  was  filled  with  about  8  ounces  of 
2  bloody  fluid.  The  pericardial  cavity  contained  numerous  adhesions  mostly 
about  the  apex. 

The  ascending  colon  was  firmly  fixed  to  the  right  kidney.  Both  kidneys 
were  strongly  adherent  to  the  posterior  abdominal  wall  and  were  with  diffi- 
culty removed.  The  right  was  found  adherent  to  the  ascending  colon  and  also 
to  the  ppsterior  wall.  Extending  down  into  the  iliac  fossa  there  was  found 
a  tissue  that  resembled  to  some  extent  adrenal  tissue  and  which  infiltrated  all 
the  interstitial  tissues  of  the  groin  and  to  some  extent  was  found  within  the 
anterior  abdominal  wall.  This  was  true  of  both  sides  but  was  more  extensive 
on  the  right  than  on  the  left.  The  stomach  was  injected  and  there  was  a 
slight  excess  of  mucous  material  on  the  surface.  The  rugse  were  not  very  ap- 
parent and  the  mucosa  of  the  stomach  presented  the  appearance  of  morocco 
leather.  Otherwise  the  organ  was  normal.  The  duodenum  was  quite  intensely 
injected  anrl  there  were  several  small  hemorrhages  in  tlie  lower  part  of  the 
duodenum.  There  was  nothing  more  than  edema  and  congestion  of  the  gas- 
trointestinal tract.  Tlie  heart  measured  18  cm.  from  the  root  of  the  aorta  to 
the  apex,  and  bad  a  generally  blunt  cylindrical  form.  The  whole  apical  re- 
gion was  somewhat  bulbous  and  was  separated  to  a  certain  extent  from  the 
rest  of  the  heart  by  a  slight  groove  about  ()  cm.  above  the  apex.  This  bulbous 
apical  region  had  a  semifluctuating  feel  wliich  suggested  the  presence  of  an 
aneurism  at  the  a])ex.  'I'he  whole  pericardium  was  rougliened  and  covered 
with  the  tags  of  old  adliesions  in  which  there  were  occasional  small  areas  of 
hemorrhage.  At  one  ])oint  just  about  the  middle  of  the  surface  of  the 
right  auricle  was  a  tine  puncture  wound   surrounded   by  an  areola  of  extrava- 
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sated  blood  which  measured  about  3  cm.  in  diameter.  This  puncture  wound 
apparently  extended  completely  through  the  myocardium  into  the  cavity  of 
the  rig-ht  ventricle  where  it  impinged  upon  a  small  mass  of  mural  thrombi. 
The  right  auricle  was  very  considerably  dilated  and  in  the  auricular  append- 
age there  were  a  few  old  mural  thrombi.  There  w^as  a  certain  amount  of  jaun- 
diced appearance  in  the  mural  endocardium,  an  appearance  which  was  also  seen 
to  a  somewhat  less  extent  in  the  vessels.  The  right  ventricle  was  relatively 
contracted.  The  endocardium  along  its  left  posterior  side  was  fibrotic  and 
milky  and  the  papillary  muscle  of  the  left  tricuspid  leaflet  were  fibrotic.  In 
the  tip  of  the  right  ventricle  there  were  masses  of  old  mural  thrombi.  The 
left  auricle  was  somewhat  dilated  but  aside  from  hemolytic  pigmentation  or 
staining  showed  no  unusual  appearances.  The  mitral  valve  was  evidently  not 
dilated.  The  left  ventricle  was  tremendously  dilated  but  was  filled  almost 
completely  with  a  laminated  clot  which  was  rather  firm  peripherally  but  quite 
soft  centrally.  This  clot  reached  almost  to  the  aortic  valves.  Apically  the 
myocardium  was  replaced  by  a  thin  zone  of  connective  tissue  from  two  to  three 
mm.  thick.  Nearer  the  base  of  the  heart  the  myocardium  became  about  15 
mm.  thick  and  showed  some  evidence  of  hypertrophy.  The  mitral  papillary 
muscles  and  the  ventricular  myocardium  were  distinctly  fibrotic.  The  mitral 
valve  leaflets  showed  no  changes  on  the  margins  and  the  chordae  tendineal  were 
not  contracted.  The  aortic  leaflets  were  apparently  healthy  and  the  orifice 
was  sufficient  by  the  water  test.  The  aorta  itself  showed  some  slight  patches 
of  subintimal  hyperplasia  and  some  slight  puckering  of  the  intima.  These 
changes  were  shown  particularly  in  the  transverse  arch  just  in  the  neighbor- 
hood of  the  great  vessels.  Were  it  not  for  the  hemolytic  staining,  these  patches 
would  be  typical  luetic  ones.  Aside  from  that,  the  aorta  showed  no  changes. 
There  were  no  dilatations  and  no  sclerosis.  The  peribronchial  glands  showed 
some  calcification.  The  coronaries  were,  in  their  basillar  segments  at  least, 
thm  and  normal  in  appearance.  A  fine  probe  could  be  passed  however  but 
5  cm.  down  the  descending  branch  of  the  left  coronary  at  which  point  this 
vessel  seemed  to  be  sclerotic.  Sections  from  this  part  of  the  coronary  were 
saved  for  examination.  Below  this  point  the  pericardium  seemed  to  be  far 
more  thickened  than  about  the  base  and  the  path  of  the  vessel  could  not  be 
distinguished  in  the  hyaline  connective  tissue. 

The  left  lung  had  a  rather  firm  feel  and  its  outer  surface  was  dark  gray 
in  color.  The  cut  surface  of  the  lung  showed  an  intense  congestion  and  edema, 
more  intense  to  the  center  and  decreasing  towards  the  periphery.  The  right 
lung  was  more  contracted  than  the  left,  had  a  distinct  meaty  feel  and  did  not 
crepitate  in  any  portion.  On  the  inner  border  of  the  middle  lobe  was  found  a 
dark  consolidated  area  which  on  section  proved  to  be  an  infarct.  This  infarct 
measured  about  2^  inches  from  the  border  to  the  apex  of  the  triangle  and  about 
2  inches  high  along  the  border  of  the  lung.  The  cut  portions  of  the  lung  showed 
only  edema  and  congestion.  The  upper  lobe  of  the  right  lung  was  fairly  healthy 
and    showed   very   slight   if   any   congestion. 

The  liver  showed  a  dirty  brown  grayish  appearance,  its  edges  were  sharp 
and  irregular  and  the  whole  organ  was  decreased  in  size  and  very  flabby.     Over 
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the  surface  were  found  many  areas  of  a  yellowish  color  and  many  fibrous 
tags.  The  organ  cut  rather  firm  and  on  section  there  were  found  the  typical 
patches  of  passive  congestion  with  areas  of  fatty  degeneration.  The  cut  sur- 
face of  the  organ  was  of  a  yellowish-reddish  brown  color.  The  gall  bladder 
was  filled  with  a  brownish,  almost  clear  mucous  fluid  in  which  there  were 
found   no    stones    nor  any   gravel. 

The  spleen  was  hard,  contracted  and  had  a  very  fibrous  feel.  The  pulp 
was  of  a  deep  red  and  there  was  an  evident  increase  in  fibrous  tissue. 

The  right  kidney  was  firm  and  generally  pale.  The  capsule  was  quite 
firmly  adherent  by  evidently  recent  fibrous  and  some  fibrinous  adhesions.  When 
the  capsule  was  removed,  it  was  seen  that  the  capsule  was  massively  filled  with 
hemorrhagic  patches  some  of  them  petechial,  most  of  them  larger  and  con- 
fluent. Not  only  was  the  capsule  involved  in  this  process  but  also  the  peri- 
renal tissues  which  had  a  distinctly  indurated  feel  and  in  which  the  fat  at  cer- 
tain points  had  a  peculiar  orange  appearance  which  suggested  congested  thymus 
tissue.  The  surface  of  the  kidney  was  generally  yellow  with  massive  and  small 
petechial  hemorrhages  scattered  generally  over  the  surface.  On  section,  the 
kidney  appeared  to  be  completely  infarcted,  and  section  of  the  renal  artery 
showed  a  mass  of  thrombotic  material  almost  completely  blocking  the  vessel. 
The  whole  cut  surface  of  the  kidney  was  jaundiced  and  in  the  regions  where 
the  infarction  had  not  been  complete  the  substance  was  distinctly  pinkish-gray. 
The  left  kidney  w^as  about  the  same  size  as  the  right.  The  capsule  removed 
with  fair  ease  leaving  a  very  finely,  indistinctly  granular  surface  upon  which 
the  fetal  lobulations  were  very  distinct.  The  whole  organ  was  rather  firm, 
decidedly  edematous,  the  stellate  veins  were  not  congested.  On  section,  it  ap- 
peared that  the  cortex  was  increased  in  thickness,  there  was  some  evidence 
of  a  moderate  sclerosis  in  the  pyramids,  the  line  of  demarkation  between  cor- 
tex and  medulla  was  fairly  distinct  and  showed  some  evidence  of  fibrosis  and 
was  distinctly  jaundiced;  the  glomeruli  could  be  seen  fairly  well  as  congested 
points  and  the  interlobular  vessels  were  injected.  There  was  no  evidence  of 
thrombosis  or  infarction  in  this  organ.  The  blood  vessels,  especially  the  ar- 
teries, were  deeply  jaundiced. 

Anatomic  Diagnosis. — Aneurism  and  thrombi  of  the  left  ventricle;  fibro- 
sis of  the  left  auricular  walls,  mitral  valve  and  papillary  muscles  of  the  left 
ventricle ;  trochar  puncture  w^ound  of  the  heart ;  congestion  and  edema  of  all 
the  viscera;  i)ulnii)nary  infarct;  complete  infarction  of  the  right  kidney;  acute 
dififuse  nephritis  of  tlic  left ;  chronic  passive  congestion  of  the  liver. 

Remarks. — This  case  represents  the  type  in  which  a  moderately  large  area 
of  the  ventricular  muscle  was  damaged,  and  in  which  the  intracardiac  pressure 
was  not  excessive.  The  result  Wcis,  therefore,  that  a  very  considerable  gradual 
Idilatation  occurred.  No  thrombi  were  formed  in  this  aneurism  until  a  short 
time  before  death  and  then  the  sac  w^as  rapidly  filled  with  clot  which  reached 
almost  to  the  valves.  From  this  thrombotic  mass,  a  large  bit  was  carried  to 
the  kidney  where  it  completely  blocked   the   renal   artery. 
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SUMMARY. 

The  series  of  cases  reported  in  this  paper  has  to  do  with  the  formation  of 
cardiac  aneurisms.  Cardiac  aneurisms  and  aortic  aneurisms  resemble  one  an- 
other in  every  aspect  so  far  as  pathogenesis  is  concerned  and  differ  only 
in  the  fact  that  they  appear  in  different  organs. 

One  of  the  cases  reported  showed  the  beneficial  result  of  thrombosis  in  a 
heart  which  otherwise  might  have  developed  an  aneurism  (6136)  ;  one  showed 
an  early  stage  of  aneurism  formation  near  the  apex  (A-2775)  ;  one  showed  an 
early  stage  of  aneurism  formation  in  an  unusual  situation,  and  also  illustrated 
calcification  of  the  fibrous  tissue  forming  the  wall  of  the  sac  (3708)  ;  one 
showed  a  rupture  of  a  chronic  aneurism  in  spite  of  a  few  pericardial  adhe- 
sions; and  one  showed  a  fully  developed  large  chronic  aneurism    (A-6479). 
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A   STUDY   OF   THE   OCCURRENCE   OF  IMMATURE   POLYNUCLEAR 

LEUCOCYTES  IN  THE  CIRCULATING  BLOOD  IN  PULMONARY 

TUBERCULOSIS  AND  OTHER  INFECTIOUS  DISEASES* 


By  Alex.  M.  Burgess,  M.D.,  Providence,  R.  L 


AMONG  the  many  investigations  of  the  activities  of  the  polymorphonuclear 
leucocyte,  those  of  greatest  interest  to  the  clinician  have  dealt  with  the 
relation  of  the  leucocyte  to  the  common  infections.  In  the  study  of  clinical 
cases,  the  estimation  of  the  leucocyte  count  and  the  examination  of  the  stained 
blood  film  have  long  been  routine  procedures.  More  recently  variations  in  the 
morphology  of  the  polynuclear  leucocytes  in  the  blood  stream  have  been  recog- 
nized as  occurring  in  certain  diseases,  and  attempts  have  been  made  to  determine 
the  relation  of  these  changes  to  the  clinical  condition. 

Arneth,  in  1905,  classified  the  polynuclear  leucocytes  of  the  circulating  blood 
according  to  the  number  of  lobulations  of  their  nuclei,  and  noted  that  in  infec- 
tious diseases,  especially  tuberculosis,  the  proportion  of  the  cells  of  Classes  I 
and  II,  those  with  single  or  two  lobed  nuclei,  was  increased.  This  he  interpreted 
to  mean  that  the  younger,  immature  leucocytes  were  relatively  more  numerous 
than  in  the  normal  blood.  For  example,  the  following  represent  respectively 
a  normal  count,  and  one  which  might  occur  in  such  an  infectious  disease  as 
tuberculosis : 


CL.\SS  I. 

CLASS  II. 

CLASS  III. 

CLASS  IV. 

CLASS  V. 

Normal : 

12 

35 

30 

18 

5 

Abnormal : 

52 

Zl 

10 

1 

0 

*I  am  indebted  to  Dr.  W.   P.   Ruffum,  Jr.,  and  Mr.  John  von  der  Leith  for  aid  in  making  some  of  the 
blood  examinations. 
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A  count  like  the  second  of  these,  Arneth  calls  "a  shift  to  the  left,"  a  shift 
of  the  majority  to  Classes  I    and  II. 

It  was  noted  by  Arneth  that  in  active  pulmonary  tuberculosis,  although 
leucocytosis  was  absent,  a  well  marked  "shift  to  the  left"  usually  occurred.  He 
supposed  that  the  relatively  immature  cells  of  Classes  I  and  II  were  less  able 
to  cope  with  an  infection,  and  that  therefore  the  resistance  of  a  patient  who 
showed  such  a  "shift"  must  be  lowered  and  the  prognosis  must  be  poor. 

Arneth's  classification  has  been  widely  used  by  many  investigators,  espe- 
cially in  the  study  of  pulmonary  tuberculosis.  Opinions  of  its  value  vary  greatly, 
and  on  reading  the  literature  one  is  led  to  suspect  that  its  true  significance  is 
not  appreciated.  P.  H.  Ringer,  for  example,  says  "It  must  be  distinctly  under- 
stood that  the  Arneth  blood  picture  can  in  no  way  be  taken  to  indicate  the 
amount  of  lung  involvement  or  the  stage  of  the  disease.  It  is  simply  and  solely 
an  index  of  the  resisting  power  of  the  patient."  R.  S.  Cummings  regards  it 
of  no  diagnostic  worth,  and  of  value  in  prognosis  in  doubtful  cases  only.  The 
opinion  of  Solis-Cohen  and  Strickler  is  that  "Few  that  take  up  the  study  of  the 
picture  carefully  ever  abandon  it  entirely,  but  he  who  places  implicit  confidence 
in  its  readings  and  bases  his  prognostic  opinion  chiefly  thereon  will  not  infre- 
quently be  led  into  error."  More  unfavorable  is  the  statement  of  Bushnell  and 
Treuholtz  that  "In  advanced  and  active  tuberculosis  the  method  of  Arneth  gives 
us  as  a  rule  no  information  which  we  do  not  already  possess." 

In  view  of  the  essentially  vague  opinions  as  to  the  significance  and  value 
of  the  Arneth  method,  it  seemed  possible  to  the  writer  that  a  study  of  the  leuco- 
cyte picture  in  pulmonary  tuberculosis  and  other  infections,  and  a  careful  cor- 
relation of  this  picture  in  the  cases  studied  to  other  clinical  and  pathological 
facts,  might  yield  information  of  interest.  Therefore,  counts  were  made  on  a 
number  of  patients  with  pulmonary  tuberculosis  and  on  cases  of  other  infec- 
tious diseases  as  they  were  encountered  in  the  routine  of  clinical  work,  and  so 
far  as  possible  the  nature  and  degree  of  activity  of  the  lesion  w^as  determined. 
In  a  few  cases  of  fatal  pulmonary  tuberculosis  a  postmortem  study  of  the  bone 
marrow  w^as  carried  out. 

It  became  apparent  at  once  in  making  leucocyte  classification  that  tlie  per- 
sonal element  must  be  a  factor  which  causes  great  variation  in  results.  Ringer 
states  that  he  counts  as  one,  two  nuclear  lobes  connected  by  an  isthmus  of  nu- 
clear material  "a  third  or  more  the  thickness  of  the  nucleus,"  and  as  two,  lobes 
connected  by  a  narrower  strand.  He  also  counts  superimposed  nuclei  as  separate 
units.  Certain  other  observers  insist  that  to  be  counted  as  separate,  lobes  must 
have  only  a  minute  thread-like  strand  connecting  them,  and  that  when  nuclei 
are  superimposed  they  must  be  counted  as  one,  or  else  the  cell  must  be  left 
unclassified.  It  has  seemed  to  the  writer  that  the  latter  method  allowed  of 
far  less  personal  variation  in  making  the  estimations,  and  il  has  therefore  been 
followed.  All  doubtful  cells  ha\e  been  disregarded.  In  the  results  herewith 
presented  it  will  be  noted  that  the  normal  cases  show  a  larger  proportion  of 
cells  in  Classes  I  and  II  than  do  the  normal  counts  published  by  many  other 
observers;  but  it  is  ])robable  that  this  can  be  explained  as  duo  entirely  to  the 
personal   interpretation    of    the    rules    used    in    classifying   the    cells.      ()rdinary 
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6 
1^ 

White 
Count 

Arxeth  C 

ount 

o 

Remarks  as  to  Clinical 

Disease 

<: 

Condition,  Tempera- 

< 

ture,  etc. 

I 

II 

III 

IV 

V 

1 
2 

29 
35 
28 
17 
28 
30 
4 
38 
59 

40 
40 
45 
31 
42 
32 
27 
43 
72 

29 
10 
15 
32 
25 
22 
5 
15 
14 

2 
4 
1 
10 
5 
2 
1 
4 
0 

0 
0 
0 
0 

1 

0 
0 
0 
0 

0.4 

0.65 

0.46 

0.23 

0.38 

0.54 

0.12 

0.61 

0.68 

Normal. 

" 

3 
4 
5 
6 

" 

" 

.     8,200 
6,000 

" 

" 

7 

" 

8 

9,000 
9,500 

" 

9 

" 

Av'ge  of  normal  cases. . .  . 

30 

41 

19 

2 

0.1 

0.48 

10 

Pericarditis  and  nephritis 

17,900 

29 

27 

29 

4 

1 

0.4 

Temperature    100    to    101. 
Recovery  in  a  few  weeks. 

11 

Endocarditis     (postrheu- 

m< 

iticj 

11,000 

45 

36 

12 

5 

1 

0.83 

T.  99.5   to   100  for  several 

weeks. 

12 

Alveolar  abscess  (small).. 

14,600 

24 

52 

18 

6 

0 

0.31 

T.  99.  General  malaise  and 
aches. 

13 

Acute  appendicitis 

20,000 

66 

91 

37 

5 

1 

0.49 

T.  100.  Operation.  Inflamed 
appendix.     No  pus. 

14 

Ger 

( 

leral  mvositis 

45 

35 

14 

0 

1 

0.81 

T.  100.     Gradual  recovery. 

Chronic). 

l.T 

Bro 

( 

nchiectasis 

50 

54 

19 

4 

0 

0.65 

T.    normal.          Feels    well. 

improving). 

'» 

Sputum  .slight. 

16 

Lobar  pneumonia 

Mar.    3,    pulmonary  (em- 

28,000 

124 

26 

3 

0 

0 

4.2 

Acute  lobar  pneumonia 
with  recovery. 

bolus  c.  sept,  pneu 

31,000 

73 

19 

7 

1 

0 

2.7 

Embolism  following  appen- 

-^A 

dectomy.  Markedly  toxic. 

Mar.  8,  pulmon'y  abscess 

16,000 

84 

12 

4 

0 

0 

5.2 

Coughed    up   large   quanti- 

m 

ties  of  foul  pus. 

17 

Mar.   12,  pulmonarv  ab- 

scess with  gangrene.. .  . 

12,000 

93 

8 

0 

0 

0 

12.3 

T.  .septic  in  type  100-103. 
Large  quantities  of  sput- 
um. Oper'n  2  days  later. 

Ma 

r.  26 

14,500 

88 

10 

2 

0 

0 

7.2 

T.  98.6-100.     Draining  fair 

amount  pus. 

Api 

•il  22 

14,000 

45 

35 

17 

4 

0 

0.8 

T.    normal.         Wound   not 

draining. 

18 

Brc 

nchiectasis 

108 

16 

o 

0 

0 

5.1 

Large  quantities  of  puru- 
lent sputum. 

dBi 

19 

Brc 

( 

nchiectasis 

83 

66 

7 

2 

0 

1.1 

Considerable  purulent  spu- 
tum. 

Question  of  T.  B.) 

90 

Em 

pvema 

25,000 

88 

39 

8 

0 

0 

1.9 

T.  100.  Draining  some  pus 
from     operation    wound. 

Looks  sick. 

9,1 

Em 
An 

pvema 

19,000 
12,900 

68 
63 

31 

98 

1 
7 

0 

9 

0 
0 

2.1 

1    7 

T.  100  for  10  days. 
Operation  2  days  later.    Ap- 
pendix   apparently    con- 

99 

lend  iritis 

tinuously  discharging  pus 

into  cecum. 

23 

Carcinoma  (abdominal)  . 
Mar.  16.       Appendicitis. 

25,000 

104 

47 

14 

2 

0 

1.6 

Operation.  Death.  Speci- 
men sliows  no  necrosis.  T. 
100.5.     Pulse  120,  weak. 

9  days  post  operative. . 

29,400 

54 

32 

11 

3 

0 

1.2 

Wound    draining.         Tem- 

24^ 

perature  100.4. 

Mar.  2.5.    Improvement.. 

14,600 

48 

38 

9 

5 

0 

0.9 

Wound  no  longer  draining. 

Mar.  31.      Improvement 

14,000 

22 

23 

5 

0 

0 

0.8 

Wound  no  longer  draining. 

9t 

Ma 

63 
73 
67 

36 
24 
31 

1 
3 

2 

0 
0 
0 

0 
0 
0 

1.2 

2.7 
2.0 

.J 

%%l 

" 

9,600 
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u 


Disease 


White 
Count 


Arxeth  Count 


II     III     I\ 


Remarks  as  to  Clinical 
Condition,  Tempera- 
ture,   ETC'. 


27 
28< 

29^ 

H 

33 

34 
35< 

36 

37 
38 

39^ 
40 

I 
41-1 

42 

43 
44 
45 

46 
47 


Pulmonarv  tuberculosis 


Dec.  16, '14,  " 

Mar.16,  '15  " 
Nov.  14,'14  " 

Mar.l6,'15  " 
Jan. 12, '15    " 

Mar.  16,'1q  " 
Dec.  14,'14  " 
Mar.  15, '15  " 
Dec,  '14 

Jan.,  '15        "  " 

Mar.,  '15 

Jan.,  '15        "  " 

Mar.,  '15 

Nov.,  '14       " 

Dec,  '14 

Jan.,  '15        " 

Mar.,  "15 

Nov.,  '14       " 

Dec, '14 

Jan.,  '15        "  " 

Mar.,    15 

Pulmonary  tuberculosis 
c  carcinoma  of  rectum.. 
Pulmonary  tuberculosis 


7,000 


9,000 


9,100 


33 


35 


61 

82 


102 

58 
44 
84 
26 

70 

115 
83 
94 
49 
94 

110 
90 
90 

125 

115 
90 


130 

9,400  127 


Jan.  5, '15      "  "  16.400 

Jan.  8, "15       "  "  8.400 

Pulmonary  tuln-rculosis        9,800 


Dec,  "14 
Jan.,  "15 


8,100 
8,200 


10,000 


0,300 


92 
103 


120 
103 
112 

90 

70 

103 

95 
70 


33 
40 

57 
29 

33 


36 
30 

55 

42 
30 
33 

50 

32 
47 
44 
34 
33 
22 
55 
20 
22 
26 
27 

30 
16 

63 
44 
36 


40 
31 

28 

27 
11 


23 

27 

16 
9 

5 
12 

6 
9 

20 
17 
15 
10 

26 


14 

4 

21 

8 
3 
7 
0 
2 
0 
3 

3 
1 

6 

16 

3 


21         9 


31 


13 

2 
1 

1 
1 

0 
1 

2 
1 
0 
3 


0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

1 
1 

0 


0.5 
0.4 

1.1 
1.6 

2.1 
2.1 

1.8. 
2.5 

0.7 
0.7 
1.9 
0.5 

0.9 

3.2 
1.31 
1.9/ 
0.9 
2.3 
4.4 
1.4 
4.5 
6 
4.4 
3.0 

,9 
,4 


2.2 


.6 
.0 
.9 

.4 

.8 
.6 

3.  1 
1.8 


Arrested.  T.  normal.  No 
sputum. 

Chronic  very  slowly  pro- 
gressive type.      T.  97-99. 

Considerable  sputum. 

Chronic,  very  slowly  pro- 
gressive. 

Considerable  sputum. 

Chronic  very  slowly  pro- 
gressive. 

Considerable  sputum. 

Chronic,  very  slowly  pro- 
gressive. 

Sputum  slight. 

T.  normal.      No  sputum. 

Slight  activity. 

Chronic,  slowly  progressive. 
T.  usually  normal. 

Sputum  thick;  50  to  80  c.c 
daily. 

Sputum  thick. 

Chronic  very  slowly  pro- 
gressive. 

Slowly  progressive  fibroid 
phthisis.  Sputum  abun- 
dant and  increasing  in 
amount. 

Chronic  progressive.  High 
temperature.  About  150 
c  c  sputum.      Chills. 


Rapidly  progressive  Much 
sputum.     Cavitation. 

.\ctive  and  progressive. 

High  temperature. 

Acute  e.xacerbation  of 
chronic      process.  T. 

98-101.     Sputum. 

Temperature  102  irregular. 

Sputum  scant  and  puri- 
form.  Temperature  102 
sustained. 

In  extremis.  Sputum  prac- 
tically pure  pus.  Died  4 
days  later. 

Septic  type  of  temperal  ur<\ 
Death  in  a  few  days. 

In  extr<"mis.  Sputum  piiri- 
form  and  scant. 

Incipient.  Doing  well  until 
2  days  after  this  examina- 
tion, wIk'U  rflajiNe  oc- 
curred. 

Suspicions  case  which  later 
turned  out  lo  be  rai)idly 
progressive  and  fatal. 

(Question  of  incipient  T.  H. 
Hales  at  oin-  apex.  T.  99. 
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smear  preparations  stained  with  A\'right's  or  Hasting's  modification  of  the 
Romanowsky  stain  were  used  in  every  case. 

In  making  the  examinations  of  the  stained  specimens  the  writer  became 
impressed  with  the  difficulty  which  often  arose  in  determining  whether  a  given 
cell  rightly  belonged  in  Class  II,  III,  IV,  or  V.  It  was,  on  the  other  hand, 
usually  an  easy  matter  to  differentiate  between  cells  of  Class  I  (immature 
cells  whose  nuclei  had  not  yet  divided),  and  the  more  mature  cells  of  the  other 
classes  which  showed  at  least  one  true  interlobular  division.  The  study  of  the 
cases  has,  in  the  opinion  of  the  writer,  fully  justified  the  plan  of  considering 
all  undivided  nuclei  (Class  I),  as  immature  cells,  and  all  divided  nuclei,  (Classes 
II,  III,  IV,  and  V),  as  mature  cells,  and  of  judging  the  degree-  of  the  "shift 
to  the  left"  accordingly.  The  "Arneth  index"  as  ordinarily  used,  has  referred 
to  the  ratio  between  the  number  of  cells  wdiich  fall  under  Classes  I  and  II, 
and  those  in  Classes  III,  IV,  and  V.  In  the  writer's  opinion,  however,  a  prepon- 
derance of  the  really  immature  leucocytes  of  Class  I  as  opposed  to  all  the  other 
classes,  is  of  more  significance  than  is  any  variation  between  the  proportion  of 
the  cells  of  the  remaining  classes,  and  it  is  believed  that  evidence  in  support  of 
this  opinion  will  be  found  in  the  data  herewith  presented. 

The  blood  of  forty-seven  people  was  studied.  Of  these,  nine  were  nor- 
mal so  far  as  infectious  disease  was  concerned,  seventeen  were  suffering  from 
nontuberculous  infections,  and  the  remaining  twenty-one,  from  pulmonary  tuber- 
culosis.    The  detailed  results  are  given  in  the  accompanying  table. 

In  attempting  to  draw  conclusions  from  the  data  presented,  it  may  be 
well  to  review  briefly  some  of  the  known  facts  regarding  the  activities  of  the 
polynuclear  leucocytes.  In  health,  the  number  of  leucocytes  in  the  circulating 
blood  is  maintained  at  a  figure  which  varies  between  5,000  and  10,000  per  cubic 
millimeter.  Of  these,  60  to  70  per  cent  are  polynuclears.  Like  most  other  cells, 
these  leucocytes  must  be  constantly  dying  or  being  destroyed,  and  as  constantly 
replaced  by  new  ones  arising  by  cell  division  of  their  progenitors,  the  myelo- 
cytes of  the  bone  marrow.  In  disease,  the  output  of  the  bone  marrow  may  be 
increased  in  two  ways.  First,  it  may  be  increased  as  the  result  of  direct  stim- 
ulation of  the  marrow  by  a  toxic  substance  circulating  in  the  blood,  as  in  an 
acute  streptococcus  infection.  In  such  a  case  the  number  of  leucocytes  in  the 
circulating  blood  is  markedly  increased,  and  as  the  increase  must  be  due  to 
newly  formed  cells,  a  slight  "shift  to  the  left"  of  the  Arneth  formula  occurs. 
Second,  the  output  of  the  bone  marrow  may  be  augmented  as  a  result  of  in- 
creased destruction  of  leucocytes.  In  such  a  condition  as  a  tuberculous  cavity 
in  the  lung  the  bone  marrow  is  not  specifically  stimulated,  but  is  merely  at- 
tempting to  replace  the  leucocytes  which  are  constantly  being  destroyed  or  cast 
off.  In  this  way  the  proportion  of  immature  forms  in  the  blood  may  be  greatly 
increased,  a  marked  "shift  to  the  left,"  though  no  leucocytosis  or  even,  indeed, 
a  leucopenia  results. 

The  toxin  of  the  tubercle  bacillus  does  not  typically  attract  the  polynuclear 
leucocyte.  The  histological  work  of  Mallor}'  clearly  demonstrates  that  it  is  the 
endotheliocyte  that  is  specifically  attracted  into  the  lesions  of  this  disease.  Fur- 
thermore, in  tuberculosis  a  leucocytosis  does  not  occur.     When,  however,  the 
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tubercles  become  extensive,  and  necrosis  and  softening  of  the  lesions  occur, 
polynuclears  invade  the  necrotic  areas  in  very  large  numbers,  apparently  spe- 
cifically attracted  by  the  nroducts  of  necrosis.  \\'hen  cavities  are  formed,  and 
a  large  amount  of  sputum  is  discharged,  enormous  quantities  of  leucocytes  are 
used  up  by  actually  being  cast  off  from  the  body.  The  extreme  "shift  to  the 
left"'  seen  in  such  instances  is  illustrated  by  Cases  36  and  38  in  the  preceding 
tabulation.  The  bone  marrow,  stimulated  by  the  abnormal  withdrawal  of  leu- 
cocytes from  the  circulation,  is  forced  to  put  out  a  large  number  of  young 
cells  into  the  blood  stream. 

When  the  increased  demand  on  the  bone  marrow  for  polynuclear  leuco- 
cytes has  remained  at  the  same  point  for  a  long  time,  hyperplasia  occurs,  as 
it  does  in  the  case  of  other  overworked  tissues.  This  is  shown  by  an  extension 
of  the  red  bone  marrow  into  the  shafts  of  the  long  bones.  As  a  result  of  this 
formation  of  new  bone  marrow  the  supply  of  leucocytes  is  increased  to  meet 
the  demand,  and  it  is  no  longer  necessary  for  the  marrow  to  put  out  immature 
cells.  Under  such  conditions,  with  the  extension  of  the  bone  marrow,  the 
Arneth  picture  may  return  to  normal,  as  is  illustrated  by  Cases  28,  31,  and  33, 
patients  who,  though  casting  off  large  numbers  of  leucocytes  in  the  sputum, 
show  a  normal  Arneth  picture.  The  extension  of  red  bone  marrow  to  the 
long  bones  was  observed  in  the  six  necropsies  in  wdiich  examination  was  made, 
all  of  them  on  fatal  cases  of  pulmonary  tuberculosis.  In  these  instances  the 
marrow  of  the  femur  was  found  on  histological  examination,  to  be  producing 
leucocytes. 

In  nontuberculous  infectious  disease  the  "shift  to  the  left"  is,  as  in  tuber- 
culosis, evidence  of  an  excessive  demand  on  the  bone  marrow,  or,  in  other 
words,  it  is  evidence  that  an  excessive  number  of  leucocytes  are  being  destroyed. 
For  example,  in  Case  16,  lobar  pneumonia,  the  demand  for  leucocytes  is,  nat- 
in-ally,  excessive,  since  large  numbers  are  required  to  combat  the  infection  in 
the  lung,  and  they  are  continuously  being  cast  off  in  the  sputum.  In  this  in- 
stance the  ratio  of  immature  to  mature  cells  reached  4.2.  Cases  10  and  13,  in 
contrast,  illustrate  the  fact  that  although  moderate  toxemia  may  exist  as  shown 
by  the  leucocyte  count  and  temperature,  if  polynuclear  leucocytes  are  not  at- 
tracted into  the  lesions  in  large  numbers,  the  Arneth  picture  may  remain  normal. 
Case  17  is  of  especial  interest.  On  March  3,  1915,  the  patient  evidently  had  a 
septic  pneumonia  resulting  from  a  postoperative  embolism.  At  this  time  she 
showed  clinical  evidence  of  marked  toxemia.  The  leucocyte  count  of  31,000  is 
evidence  of  a  strong  bone  marrow  reaction  to  the  toxemia,  and  there  is  also  a 
well  marked  "shift  to  the  left''  of  the  Arneth  picture.  Five  days  lalor,  altliough 
the  clinical  condition  was  somewhat  improved  as  a  result  of  the  evacuation  of 
large  quantities  of  pus  by  coughing,  and  altliough  the  white  count  had  fallen  to 
16,000,  the  demand  for  leucocytes  had  a])parently  increased,  and  the  "shift  to 
the  left"  was  more  marked.  On  March  12,  with  an  apparent  extension  of  the 
abscess,  the  beginning  of  gangrene,  a  "septic  temperature."  and  extreme  prostra- 
tion, the  bone  marrow  reaction  seemed  poor,  leucocyte  count  only  12,000,  and  the 
Arneth  "shift  to  the  left"  was  extreme.  After  operation  on  March  14,  improve- 
ment in  the  general  condition  occurred,  and  on   March  26,  althoui-h   tlie  maxi- 
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mum  temperature  was  only  100.6°,  the  "shift''  in  the  blood  picture  was  still 
extreme.  This  was  probably  because  fairly  large  quantities  of  pus  were  still 
draining  from  the  operative  wound.  The  record  for  April  22  showed  a  marked 
clinical  improvement  and  a  return  to  normal  of  both  the  temperature  and  the 
Arneth  picture,  although  the  leucocyte  count  still  remained  elevated.  This  case 
appears  to  be  a  good  illustration  of  the  fact  that  leucocytosis  is  evidence  of  tox- 
emia :  i.e.,  toxic  stimulation  of  the  bone  marrow ;  while  on  the  other  hand,  the 
appearance  of  immature  polynuclears,  the  "shift  to  the  left."  denotes  excessive 
destruction  and,  therefore,  excessive  mobilization  of  leucocytes,  and  has  no  re- 
lation to  toxemia. 

In  judging  the  value  of  the  Arneth  picture,  it  is  necessary  to  keep  in  mind 
this  conception  of  its  meaning.  In  early  tuberculosis  of  the  lungs  a  "shift  to 
the  left"  must  mean  necrosis  and  extension  of  the  lesion,  and  therefore  ac- 
tivity of  the  process.  Here  the  study  of  the  picture  should  prove  of  value.  In 
Cases  45  and  46  such  a  "shift"  was  the  earliest  recognized  sign  of  impending 
progression  of  the  disease.  In  advanced  pulmonary  tuberculosis  the  extreme 
"shift"  seen  in  the  progressive  cases  is  accompanied  by  such  definite  clinical 
evidence  of  activity  that  here  its  value  is  not  great.  When  the  disease  is  very 
slowly  extending,  as  in  chronic  phthisis,  there  seems  to  be  a  marked  variation 
in  the  picture  as  shown  in  Cases  31,  32,  33,  and  34,  without  evident  change  in 
the  clinical  condition.  Here  also  it  is  of  little  use.  In  nontuberculous  disease, 
as  the  leftward  "shift"  indicates  excessive  mobilization  and  destruction  of  leuco- 
cytes, the  study  of  the  picture  may  be  of  use  in  determining  the  nature  of  an 
obscure  infection,  and  in  indicating  the  presence  of  large  collections  of  pus.  It 
seems  certain  that  the  Arneth  picture  cannot  be  considered  an  index  of  the  re- 
sistance of  the  individual  to  infection. 

SUMMARY    AND    CONCLUSION. 

1.  The  presence  of  a  high  percentage  of  immature  polynuclear  leucocytes  in 
the  circulating  blood  (Arneth's  "shift  to  the  left")  is  evidence  of  excessive  loss 
of  polynuclear  leucocytes  from  the  blood  stream,  and  an  attempt  on  the  part 
of  the  bone  marrow  to  make  good  the  loss. 

2.  It  does  not  indicate  toxemia,  nor  is  it  an  index  of  the  patient's  resist- 
ance to  infection. 

3.  Leucocytosis,  on  the  other  hand,  is  evidence  of  toxemia  and  of  direct 
stimulation  of  the  bone  marrow  by  certain  toxins.  A  moderate  leucocytosis 
may  exist  without  causing  an  appreciable  change   in   the  Arneth  picture. 

4.  In  pulmonary  tuberculosis  the  demand  for  leucocytes  indicated  by  a 
"shift  to  the  left"  means  necrosis,  and  extension  of  the  lesion.  In  early  stages 
of  the  disease  this  may  be  of  considerable  value  in  immediate  prognosis,  and 
even,  at  times,  in  diagnosis.  In  advanced  disease  which  is  slowly  progressing, 
as  the  demand  for  leucocytes  apparently  varies  from  time  to  time,  the  count 
appears  to  be  useless  in  estimating  the  prognosis.  In  rapidly  progressing  tuber- 
culosis the  unmistakable  clinical  evidence  of  activity  renders  the  study  of  the 
blood  picture  superfluous. 

5.  In  nontuberculous  disease  the  evidence  of  excessive  mobilization  of 
leucocytes  may  be  of  value  in  doubtful  cases  to  determine  the  presence  of 
large  collections  of  pus. 


A  SIMPLE  METHOD  OF  PLOTTING  CHARTS* 


By  John  R.  Williams,   M.D.,  Rochester,   N.  Y. 


WITH  the  advent  of  precise  methods  of  investigation  in  the  medical  sci- 
ences, the  use  of  the  graph  as  a  means  of  conveying  comparative  mathe- 
matical information  has  become  more  and  more  common.  The  reason  for 
this  is  very  obvious.  The  graph,  when  properly  arranged,  shows  at  a  glance 
what  tables  of  figures  will  reveal  only  after  long  and  patient  study.  More- 
over, the  relationship  of  one  set  of  data  to  another  and  the  general  perspective 
of  a  study  amenable  to  mathematical  treatment  can  better  be  comprehended 
when  plotted  as  a  line  drawing  than  when  buried  in  a  maze  of  tabulations. 

One  serious  difficulty  in  the  way  of  preparing  graphs  for  hospital  and 
laboratory  use  is  that  it  requires  the  services  of  some  one  especially  trained  in 
this  kind  of  work  and  such  individuals  are  rarely  to  be  found  in  the  person- 
nel of  scientific  institutions.  Moreover,  the  labor  of  preparing  graphic  charts 
as  ordinarily  done,  both  as  to  time  and  expense,  is  prohibitive  except  in  ex- 
traordinary instances. 

In  the  writer's  hospital  service,  where  a  number  of  diabetics  and  nephritics 
are  under  observation,  it  has  been  found  desirable,  both  for  purposes  of  study 
and  teaching,  to  employ  charts.  For  the  above  mentioned  reasons,  it  has  been 
impracticable  to  employ  a  draughtsman  for  routine  work.  The  necessities  of 
the  situation,  therefore,  led  to  the  development  of  the  following  method  which 
answers  the  important  requirements  of  most  workers.  A  very  elaborate  chart 
can  be  made  in  an  hour  or  two  by  an  office  assistant  which,  if  drawn  by  a 
daughtsman  in  the  usual  manner,  would  take  from  one  to  two  days.  The 
materials  are  inexpensive ;  the  printing  and  hatching  are  uniform ;  colors  can 
be  used   in  place  of  cross  hatching  when  desired. 

After  much  experimentation,  a  cross  section  paper  was  selected  which  may 
be  purchased  in  sheets  measuring  sixteen  by  twenty-one  inches.  The  bold  rul- 
ing on  this  paper  forms  inch  squares  and  the  fine  ruling  one-tenth  squares.  A 
paper  ruled  to  form  half  inch  squares  with  the  fine  lines  ten  to  the  inch  would 
be  much  better  but  this  is  not  to  be  had,  accordingly  we  have  had  the  sheets 
rerulcd  so  as  to  have  the  bold  lines  one-half  inch  apart.  A  blank  chart  was 
then  prepared  containing  all  the  words  arni  figures  which  would  appear  on 
every  chart.  (See  Fig.  1.)  Blank  spaces  were  left  so  that  syllables,  words, 
or  numbers  could  be  added  as  desired.  On  another  sheet  of  paper,  were  drawn 
all  the  words  and  figures  appropriately  sized  and  spaced,  which  one  might  wish 
to  add  to  a  chart.  These  were  so  arranged  that  tliey  ccnild  readily  be  cut  out 
as  needed.  CJn  another  sheet  were  drawn  eight  difi'erent  tyi)es  of  cross  hatch- 
ing, each  (jne-half  inch  wide  and  of  lines  of  sufficient  bokhicss  as  lo  ])crmit  re- 
duction for  reproduction.     (See  Figs.  2  and  3.)     From  each  of  these,  zinc  clch- 

*In  the  development  of  this  nietliod  of  pldttinK.  T  wish  to  acknowledge  valuable  aid  and  advice 
of  Mr.  Frederick  \V.  Fisher  and  Mr.  !•'.  A.  Miller  of  the  EnRineering  Department  of  ilie  Rochester 
Railway  and   Light    Company   and    Mr.   C.    W.    Norwood,   draughtsman. 


248 


THE    JOURNAL    OF    LABORATORY    AND   CLINICAL    MEDICINE 


ings  and  electros  were  made.  From  the  large  electro,  the  charts  were  printed. 
The  Other  two  electros  containing  the  miscellaneous  words  and  numbers  and 
the  cross  hatching  were  printed  on  white  gummed  paper. 

AMien  it  is  desired  to  prepare  a  chart,  figures  are  cut  out  of  the  gummed 
sheet  to  make  the  patient's  case  number  and  pasted  in  the  proper  place.  If  the 
patient  is  a  female,  the  syllable  "fe"  is  prefixed  to  male,  likewise  the  words 
"mild,"  and  "severe"'  may  be  placed  before  the  word  diabetes  to  indicate  the 
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Fig.    1. — lilaiik   chart   used  for   plotting  the   metabolism   of  a   case   of   diabetes   mellitus. 

severity  of  the  case  and  the  words  "fatal"  or  "improved"  to  indicate  its  out- 
come. The  date  line  is  similarly  added,  the  numbers  being  so  spaced  and  sized 
as  to  fit  each  column  which  may  represent  a  day  of  observation.  The  cross 
hatching  is  cut  into  strips  and  then  into  lengths  to  represent  the  quantities  de- 
sired and  these  pasted  in  their  appropriate  columns.  See  finished  chart,  Fig.  4. 
All  of  the  trimming  and  cutting  is  done  with  a  small  inexpensive  photog- 
rapher's trimming  board.  To  facilitate  computations  and  reduce  error  to 
the  minimum,  a  scale  was  prepared  and  attached  to  the  trimming  board  which 
reads  in  grams  but  measures  in  calories.     The  scale  has  a  double  row  of  divi- 
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■sions.  The  upper  one  is  plotted  for  carbohydrates  and  proteins  which  have  the 
same  caloric  value,  one  gram  of  either  being  equivalent  to  four  and  one-fourth 
calories.  The  lower  line  of  divisions  of  the  scale  is  arranged  similarly  for  the 
fats,  a  gram  of  which  is  equivalent  to  nine  calories.  Accordingly,  if  one  wished 
to  plot  the  diet  of  a  patient  for  several  days,  he  would  take  from  the  hospital 
record  the  number  of  grams  of  carbohydrates,  proteins  and  fats  eaten  each 
day.  A  piece  of  the  cross  hatching  paper  intended  to  represent  carbohydrates 
would  be  placed  on  the  cutting  board  at  the  figure  representing  the  number  of 
«-rams  eaten  and  then  cut.     This  piece,  when  moistened  and  stuck  in  its  proper 

1916   1917 
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IS  16  17  18  19  20  21  22  2324  25  26  27  28 
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IMPROVED  12345678901234567890 

Tig.   2. — Words  and   numbers  used   in   plotting  a   case   of   diabetes   niellitus   printed   on   gummed   paper   to   be 

cut   out  and  pasted   on   chart   as    needed. 


Fig.   3. — Kiglit  types  of  cross  hatching  printed  on  gummed  paper  to  be  cut   up  and  pasted   on  blank  chart   as 
needed.     A  simple  way  of  avoiding  the  labor  of  draughting. 

])lace  on  the  chart,  would  thin  represent  in  IciiLitli  ihc  number  of  calorics  in  the 
numlur  of  grams  of  carbohydrate  in  (lucslion.  The  worker  would  be  si)arcd 
the  labor  of  com])utation  and  the  chance  for  error  would  be  reduced  lo  tlie 
minimum.  vSiniilarly,  proteins  and  fats  may  be  calculaled  and  plotted.  The 
total  length  of  the  cross  hatching  would  thus  represent  the  total  number  of 
calories.  In  the  plotting  of  diabetic  charts,  the  urine  sugar  is  also  i)Iotted  m 
calories  so  that  the  balance  lietwecn  intake  and  outgo  may  be  seen  at  a  glance. 
The  weight  line  and  cur\e  of  carbon  dioxide  tension  of  alveolar  air  are  inked 
in  with  a  ruling  pen  very  (|uickly. 


250 


THE    JOURNAL    OF    I^ABORATORY    AND    CLINICAL    MEDICINE 


The  accompanying  figures  illustrate  the  application  of  the  idea  to  the  plot- 
ting of  the  metabolism  of  diabetes;  the  method,  however,  lends  itself  readily 
to  many  other  diseases,  particularly  nephritis,  where  it  may  be  desirable  to 
graphically  compare  the  nonprotein  elements  of  the  blood  with  those  in  the 
urine  and  the  relation  of  salt  and  food  metabolism  thereto. 

The  expense  of  preparation  for  making  the  charts  was  comparatively  small, 
approximating  fifteen  dollars  for  one  hundred  charts,  sixteen  by  twenty-one 
inches  each.     Thus  the  materials  required  to  produce  the  chart  shown  in  Fig. 
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Fig-    4. — Showing   practical    application    of   the    chart   to   a   case    of    severe    diabetes    of    long   standing. 
This   patient   was  excreting  sugar  and  was  in   a   state   of   marked   acidosis   although   taking  very   little   food. 
When  the  protein   intake  was   reduced   the  patient   immediately   began   to   improve   and   in    a   short   time   was 
able  to  eat  much  more  food  than  formerly   with   the  same   protein   intake   which   before    had   caused   injury. 

6  cost  approximately  fifteen  cents  plus  the  labor  of  an  assistant  for  about  two 
hours. 

The  salient  features  of  the  method  are : 

1.  The  printing  on  standard  sheets  of  cross  section  paper  all  the  fixed 
words  and  characters  which  will  be  common  to  all  charts.  This  usually  can 
best  be  done  by  having  them  first  drafted,  and  zinc  etchings  and  plates  or  elec- 
tros made  therefrom. 
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2.  The  printing  on  gummed  paper  of  all  the  common  words  and  characters 
which  the  plotting  of  a  given  set  of  data  will  require.  These  to  be  of  the  proper 
size  and  spacing  to  fit  in  the  chart  so  as  to  give  uniformity. 

3.  The  printing  of  several  types  of  cross  hatching  on  gummed  stock  so 
that  it  may  be  similarly  used. 

4.  The  use  of  a  photographic  trimming  board  to  smoothly  and  correctly 
cut  the  words,  characters,  and  hatching  used  and  the  attachment  thereto  of  a 
scale  to  facilitate  calculations  and  to  minimize  errors. 

5.  The  facility  and  wide  application  of  the  method  and  its  relatively  slight 
cost. 


MACROPHAGES  IN  FECES  IN  ACUTE  DYSENTERY* 


By  Ke-vxeth  M.  Lynch,  M.D.,  Charleston,  S.  C. 


IX  the  early  part  of  1916  my  attention  was  called  to  several  cases  of  acute 
dysentery  in  the  Roper  Hospital,  of  Charleston.  A  fairly  typical  example 
of  these  is  the  following  case. 

J.  M.  R.,  white  male,  age  20  years,  mechanic,  was  admitted  on  Jan.  10, 
1916.  His  previous  history  was  negative  of  any  connection  with  the  present 
illness.  He  had  had  no  similar  attack.  About  midnight  of  January  4th  he  had 
developed  a  severe  diarrhea  accompanied  by  pain  throughout  the  abdomen.  This 
condition  had  become  worse  and  he  was  passing  twelve  to  fifteen  stools  a  day 
before  admission,  at  first  of  a  watery  character  but  later  becoming  mucinous 
and  bloody.  He  said  he  had  a  good  appetite,  but  when  he  ate  anything,  it 
would  pass  through  directly.  Kis  tongue  was  coated  and  furred  and  of  yellow- 
ish brown  appearance.  His  abdomen  was  generally  tender  on  palpation.  His 
temperature  was  slightly  subnormal  in  the  morning  and  averaged  a  degree  and 
a  half  rise  in  the  evening.  There  was  no  sign  of  any  involvement  outside  the 
alimentary   canal. 

With  no  treatment  besides  rest  in  bed  and  the  administration  of  bismuth 
subnitrate  by  mouth  he  improved  rapidly,  the  abdominal  tenderness  decreased, 
the  pain  disappeared,  the  number  of  stools  decreased  to  two  a  day,  his  tem- 
perature remained  normal  or  slightly  subnormal,  and  he  was  discharged  on 
January    15th. 

The  first  stool  examined  was  of  the  ai)])earance  of  thick  blood-stained  mu- 
cus. In  a  fresh  warm  wet  preparation  there  were  large  numbers  of  polynuclear 
leucocytes  and  red  blood  cells,  many  active  Trichomonas  and  an  occasional  En- 
tam(eba  coli.  In  addition  there  was  a  considerable  number  of  round  or  ovoid 
cells,  varj'ing  in  size  from  t\vent\'-fi\  e  to  forty-fi\e  microns,  iioiinintile,  with 
densely  granular  cytoplasm,  and  a  large  ring-form  nucleus.  The  nucleus  usu- 
ally had  a  definite  refracti\e  membrane  and  from  one  to  four  refractive  gran- 
ules clinging  to  its  iimer  surface  or  free  in  the  plasma.  In  some  of  the  cells 
there  were  two  of  tiiese  nuclei,  some  had  a])parently   no  nucleus  and   in   some 
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it  appeared  to  be  represented  by  a  group  of  large  refractive  granules  \Yithout 
a  limiting  membrane. 

Many  of  these  large  cells  contained  from  one  to  three  or  four  erythro- 
cytes, and  as  commonly,  from  one  to  three  polynuclear  leucocytes,  some  con- 
taining both,  usually  within  distinct  vacuoles.  Some  of  these  engulfed  ery- 
throcytes were  decreased  in  size  and  in  some  of  the  cells  small  bodies  of  the 
appearance  of  erythrocytes  were  seen.  The  engulfed  leucocytes  were  commonly 
of  the  same  appearance  as  the  extracellular,  but  in  many  of  the  cells  were  re- 
fractive particles  which  were  judged  to  be  remnants  of  leucocytic  nuclei. 

Preparations  stained  by  Heidenhain's  iron-hematoxylon  and  by  Lyeishman's 
methods   confirm   the  observations  made  on   the   unstained   specimens.      In   the 


Macrophages   in   feces   in   acute   dysentery.      Case   of  J.    M.    R.,   Jan.    12,    1916. 
Heidenhain    iron-heniatoxvlon    stain. 


stained  specimens  the  broken  up  as  well  as  the  preserved  red  blood  cells  and  leu- 
cocytes are  of  the  same  staining  properties  as  those  outside.  Stained  with  hema- 
toxylon  the  cytoplasm,  and  nucleus  of  the  phagocytes  are  of  the  same  color  as 
in  the  leucocyte ;  but  with  Leishman's  stain,  the  cytoplasm  is  blue  and  the  nu- 
cleus purple. 

While  in  the  fresh  preparation  few  bacteria  were  observed,  in  stained, 
specimens  they  w^ere  fairly  numerous,  mainly  engulfed  by  leucocytes.  The  pre- 
dominant organism  was  a  micrococcus. 

The  stool  remained  of  bloody  mucinous  character  for  two  days  after  admis- 
sion ;  then  as  the  number  diminished,  it  gradually  assumed  the  normal  appearance,- 


MACROPHAGES    IN    FECES    IN    ACUTE    DYSENTERY  !:>■> 

the  bacterial  flora  assumed  the  common  proportions,  and  the  cells  gradually  de- 
creased in  number  until  there  were  only  a  few  leucocytes  present.  None  of 
the  large  phagocytes  was  to  be  found  after  the  second  day,  they  disappearing 
before  the  red  blood  cells  or  leucocytes.  The  Trichomonas  and  Entaniceba 
coli  remained  in  small  numbers. 

Based  on  the  lack  of  active  motility,  the  character  of  nucleus,  the  stain- 
ing characteristics,  and  the  early  disappearance  from  the  stool,  this  large  phago- 
cytic cell  was  judged  to  be  a  large  wandering  body  cell  similar  in  nature  to 
Mallory's  endothelial  leucocytes.  While  these  so-called  endothelial  phagocytes 
are  known  to  play  an  important  part  in  phagocytosis  within  certain  organs  and 
have  been  reported  to  exhibit  activity  in  serous  cavities  and  even  within  the 
blood  stream,  their  entrance  in  numbers  into  the  intestinal  canal  apparently 
through  a  more  or  less  intact  mucosa  appears  to  be  an  occurrence  of  interest, 
from  the  standpoint  of  the  study  of  this  cell,  and  also  in  microscopic  stvidy  of 
dysenteric  feces. 

Although  a  close  study  cannot  fail  to  differentiate  them,  the  occurrence  of 
such  phagocytes  in  a  dysenteric  stool  of  this  character  might  easily  lead  to  con- 
fusion with  Entamoeba  by  the  ur.initiated. 

\\'hile  no  definite  determination  as  to  the  cause  of  the  enteritis  m  these 
cases  was  made,  I  considered  it  as  probably  bacterial  and  possibly  the  micro- 
coccus which  was  the  predominant  organism  in  the  stool  and  extensively  phago- 
cytized   by   leucocytes. 


A   FURTHER   STUDY  OF  THE   PATHOLOGICAL   EFFECTS   OF 
ATMOSPHERES   RICH  IN  OXYGEN* 


By  Howard  T.  Karsner,  M.D.,  Cleveland,  Ohio,  and  J.  Earle  Ash,  M.D., 

U.  S.  Army. 


A  PREVIOUS  studyt  showed  that  in  the  case  of  the  rabbit  "atmospheres  con- 
taining 80  to  90  per  cent  oxygen  under  normal  barometric  pressure  pro- 
duce in  24  hours,  or  more  commonly  48  hours,  congestion,  edema,  epithelial  de- 
generation and  desquamation,  fibrin  formation,  and  finally  a  pneumonia  probably 
of  irritative  origin  and  to  be  described  as  fibrinous  bronchopneumonia."  The 
present  study  deals  with  a  series  of  animals  exposed  to  atmospheres  containing 
53  to  80  per  cent  oxygen.  The  purpose  of  the  study  is  to  determine  whether 
or  not  these  lower  percentages  operate  to  produce  lung  changes  as  rapidly  or 
in  the  same  degree  as  do  the  higher  percentages  previously  reported.  The  ap- 
paratus, care  of  animals,  use  of  contemporaneous  controls,  and  pathological  tech- 
nic  were  the  same  as  in  the  earlier  work. 

One  rabbit  was  placed  in  the  chamber  with  an  atmosphere  containing  53 
per  cent  oxygen  for  3  days,  16^  hours.  A  control  was  placed  in  the  same  sized 
cage  with  room  air.  Both  animals  were  removed  alive  and  apparently  well.  The 
autopsies  showed  no  pathological  alteration  of  lungs  or  other  viscera. 

Two  rabbits  were  placed  in  the  chamber  with  about  67  per  cent  oxygen  for 
3  days,  I83/2  hours.  The  usual  control  was  employed.  The  animals  were  re- 
moved alive  and  apparently  well.  The  lungs  of  the  animals  exposed  to  "high" 
oxygen  showed  moderate  congestion  associated  with  slight  cloudy  swelling  of 
alveolar  epithelial  cells ;  there  was  neither  desquamation  nor  exudation. 

Three  rabbits  were  placed  in  the  chamber  and  stayed  11  days  during  most 
of  which  time  the  oxygen  percentage  varied  between  60  and  70.  For  a  few  hours 
on  the  first  day  and  again  on  the  fifth  day  the  oxygen  content  sank  to  normal; 
on  the  second  day  the  oxygen  rose  for  a  ver}^  short  period  to  78  per  cent.  The 
animals  were  removed  at  the  end  of  11  days  alive  and  apparently  well.  In  the 
case  of  one  of  these  animals,  the  lungs  were  perfectly  normal  except  for  a  slight 
congestion,  not  more  marked  than  in  the  normal  control.  Another  animal  showed 
marked  congestion  of  the  lungs  with  a  small  amount  of  edema  within  the  alveoli 
as  well  as  slight  congestion  of  the  abdominal  viscera,  not  more  marked  than  in 
the  control.  The  third  animal  showed  moderate  swelling  of  the  alveolar  epithelium 
and  a  few  alveoli  showed  desquamation  of  the  swollen  cells ;  there  was,  however, 
no  fibrin  formation,  edema,  or  exudation.  The  abdominal  viscera  of  all  three 
animals  showed  slight  congestion  but  not  in  greater  degree  than  in  the  control. 

Two  rabbits  were  placed  in  the  chamber  with  oxygen  content  of  about  75 
per  cent.  On  the  third  and  fourth  days,  however,  the  oxygen  rose  for  a  few 
hours  to  90  per  cent.     They  were  then  kept  in  room  air  for  4  days.     Following 

*From  the  Nutrition  Laboratory  of  the  Carnegie  Institution  of  Washington,  Boston,  and  the  Labora- 
tories of  Pathology  of  the  School  of  Medicine  of  Western  Reserve  L'niversity,  Cleveland,  and  the  Harvard 
Medical  School,  Boston. 
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this  they  were  placed  in  the  chamber  for  6  days  with  74  per  cent  to  7S  per  cent 
oxygen,  at  the  end  of  which  time  they  were  found  dead.  Both  animals  showed 
well  marked  pneumonia,  cloudy  swelling  of  the  myocardium  and  marked  con- 
gestion of  the  abdominal  viscera. 

Two  rabbits  were  placed  in  the  chamber  with  oxygen  averaging  about  75 
per  cent  for  10  days.  On  the  seventh  day  the  oxygen  sank  to  44  per  cent  for 
a  short  time  and  later  rose  for  a  short  time  to  91  per  cent.  The  animals  were 
removed  on  the  eleventh  day,  alive  but  weak  and  dyspneic.  The  lungs  of  these 
animals  showed  slight  congestion  but  not  in  greater  degree  than  in  the  control. 
The  abdominal  viscera  showed  well  marked  congestion. 

It  is  apparent  that  a  short  exposure  (3  days,  16^  hours)  to  53  per  cent 
oxygen  produced  no  apparent  change  in  the  rabbit's  lung.  Exposure  to  67  per 
cent  oxygen  for  a  short  period  (3  days,  18^  hours)  produced  extremely  slight 
changes,  so  slight  as  to  be  distinguished  only  after  most  careful  examination. 
Three  rabbits  exposed  for  11  days  to  atmospheres  between  60  per  cent  and  70 
per  cent  oxygen  showed  very  slight  evidences  of  pulmonar}'  irritation  but  no  true 
inflammatory  reaction.  Exposure  for  10  days  to  75  per  cent  oxygen  showed  an 
early  pneumonia.  The  same  was  true  of  2  additional  animals  exposed  to  approxi- 
mately the  same  atmosphere  for  6  days  but  complicated  by  accidental  exposure 
to  air  of  a  higher  percentage  (90  per  cent)  4  days  before  the  last  experimental 
period. 

It  will  be  seen  that  there  is  considerable  difficulty  in  maintaining  a  constant 
oxygen  percentage  in  the  chamber  during  the  long  periods  demanded  in  this 
series.  On  the  other  hand,  departures  from  the  desired  constant  were  of  brief 
duration  and  with  the  exception  of  one  pair  of  animals  apparently  of  no  impor- 
tance in  the  outcome  of  the  experiment. 

This  study  confirms  the  earlier  study  in  regard  to  the  inter-relationship  of 
pneumonia,  myocardial  cloudy  swelling,  and  the  congestion  of  the  abdominal 
viscera.  It  is  shown  that  animals  exposed  to  atmospheres  containing  less  than 
80  per  cent  oxygen  and  more  than  60  per  cent  oxygen  withstand  the  exposure 
for  a  considerably  longer  period  than  those  animals  exposed  to  percentages  greater 
than  80  per  cent.  This  must  not  be  interpreted  as  indicating  that  80  per  cent 
is  a  critical  point  in  the  scale  of  percentages.  Reference  to  the  previous  paper 
will  show  l!iat  this  point  was  selected  merely  as  a  matter  of  convenience. 

The  correlation  of  this  study  with  its  predecessor  will  indicate  that  in  a  very 
broad  general  way,  and  modified  probably  in  many  ways  by  uncontrollable  factors 
in  the  individual  animals,  the  higlier  the  percentage  of  oxygen  in  the  atmosphere, 
the  earlier  do  pneumonia  and  the  secondary  changes  in  the  other  organs  make 
their  appearance. 


BLOOD  PRESSURE  IN  THE  AGED 

A  Study  of  150  Cases  from  65  to  95  Years  of  Age. 


By  L.  M.  Bowes,  M.D.,  Chicago. 

A  GREAT  deal  of  work  is  being  done,  in  the  study  of  blood  pressure,  at  the 
present  time.  It  is  of  special  interest  in  the  aged  because  so  many  of  the 
diseases  have  characteristic  findings,  and  it  aids  us,  not  only  in  differential  diag- 
noses, but  also  in  prognoses  and  treatment.  It  is  because  of  this  aid  that  I  have 
made  a  study  of  these  cases. 

On  account  of  the  different  methods  and  positions  of  taking  blood  pressure, 
I  am  giving  a  brief  description  of  the  technic  which  was  employed  in  this  work. 

The  patient  was  seated  in  a  chair  with  the  bared  left  arm  partially  flexed, 
supinated  and  resting  on  a  table.  The  armlet  was  then  applied  to  the  arm  on  a 
level  with  the  heart  and  adjusted  to  be  read  conveniently  and  quickly.  The  bell 
of  the  stethoscope  was  applied  just  below  the  flexure  of  the  elbow  and  a  little  to 
the  inner  side.  The  armlet  was  then  gradually  inflated  until  a  point  10  mm.  Hg. 
above  that  at  which  all  sound  disappeared  had  been  reached.  The  air  was  then 
allowed  to  escape,  slowly,  noting  the  point  when  the  first  sound  appeared.  The 
air  was  allowed  to  escape  further  until  the  pressure  dropped  from  the  point  of 
maximum  intensity  to  a  dull  tone.  This  point  was  recorded  as  the  diastolic  pres- 
sure.    The  difference  between  these  readings  was  recortled  as  the  pulse  pressure. 

On  account  of  the  great  hardness  of  the  blood  vessels  of  some  patients,  it 
was  very  difficult  to  get  a  true  and  accurate  reading,  making  it  necessarv  to  make 
repeated  observations  to  correct  or  verify  former  findings.  The  artery  below  the 
flexure  of  the  elbow  of  one  patient  was  misplaced  so  that  the  reading  could  not  be 
made  by  auscultation.    This  case  is  not  included  in  this  series. 

In  some  patients  who  were  apprehensive  it  was  necessary  to  adjust  the  arm- 
let for  a  little  while  before  taking  the  blood  pressure,  and  wait  until  they  became 
accustomed  to  the  procedure  and  relaxed  sufiiciently  to  make  an  accurate  reading. 
When  the  patient  became  nervous,  the  systolic  pressure  was  almost  invariably 
raised  10  to  25  mm.  Hg.  AMien  the  observations  were  made  too  frequently  the 
systolic  pressure  was  often  increased  5  to  10  mm.  Hg.  probably  due  to  spasm  of 
the  vessel  wall.  As  a  large  number  of  the  aged  tire  easily,  the  readings  were  made 
as  quickly  as  possible.  It  was  noted  that  when  they  became  tired  during  the  ob- 
servations, the  systolic  pressure  fell  5  to  10  mm.  Hg. 

In  one  case  the  pressure  in  the  armlet  was  maintained  a  little  too  long  caus- 
ing one  of  the  small  vessels  in  the  anterior  portion  of  the  wrist  to  rupture,  result- 
ing in  a  slight  hemorrhage  extending  over  an  area  about  four  inches  in  length. 
The  discoloration  cleared  up  in  about  a  week  with  no  bad  effects.  The  air  must 
be  entirely  released  between  each  separate  reading  and  not  maintained  too  long. 

Seventy-five  per  cent  showed  an  inequality  of  the  blood  pressure  on  the  two 
sides  of  the  body.  Where  this  condition  was  constant,  the  arteries  -were  always 
quite  sclerosed.  Of  seventy-five  per  cent  of  those  showing  a  difference  of  blood 
pressure  in  the  two  arms,  an  inequality  was  shown  in  the  systolic  pressure,  and 
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sixty  per  cent  in  the  diastolic  pressure.  There  was  an  inequality  of  the  diastolic 
pressures  in  only  one  instance  where  the  systolic  pressures  were  equal.  \Miere 
there  was  an  inequality  of  the  systolic  and  diastolic  pressures,  seventy-five  per 
cent  were  higher  in  the  left  arm. 

The  greatest  difference  shown  was  a  man,  aged  74,  who  complained  of  diz- 
ziness. He  had  a  combined  aortic  and  mitral  regurgitation.  The  arteries  were 
greatly  sclerosed.  The  pulse  was  50.  On  the  left  side  the  systolic  pressure  was 
178,  the  diastolic  pressure  104,  and  the  pulse  pressure  74  mm.  Hg.  On  the  right 
side  the  systolic  pressure  was  230.  the  diastolic  pressure  104,  and  the  pulse  pres- 
sure 126  mm.  Hg. 

Engel  believes  that  this  sign  may  be  useful  in  differentiating  between  primary 
nephritis  and  arteriosclerosis.  The  only  instance  in  which  I  found  this  inequality 
in  nephritis,  was  a  man,  aged  70,  who  complained  of  swelling  of  the  limbs  and 
pain  in  the  back.  The  heart  was  normal  and  the  arteries  slightly  sclerosed.  The 
systolic  pressure  on  the  left  side  was  232,  the  diastolic  pressure  115  and  the  pulse 
pressure  117  mm.  Hg.  On  the  right  side  the  systolic  pressure  190,  the  diastolic 
pressure  112  and  the  pulse  pressure  78  mm.  Hg.  The  urine  was  acid  and  the 
specific  gravity  1030.    Both  albumin  and  sugar  were  present. 

A  man,  aged  75.  whose  right  leg  was  amputated  at  the  junction  of  the  upper 
and  middle  thirds,  because  of  septic  arthritis,  had  a  systolic  pressvire  of  142,  a 
diastolic  pressure  of  85,  and  a  pulse  pressure  of  57,  on  the  left  side,  and  a  systolic 
pressure  of  120,  a  diastolic  pressure  of  65  and  a  pulse  pressure  of  55  mm.  Hg.  on 
the  right  side. 

In  a  case  of  senile  dementia  the  blood  pressure  was  equal.  The  patient  was 
a  woman,  aged  67.  with  a  normal  heart.  The  arteries  were  greatly  sclerosed.  The 
systolic  pressure  was  144,  the  diastolic  pressure  72,  and  the  pulse  pressure  was 
72  mm.  Hg. 

There  were  100  women  and  50  men  examined  in  this  series.  The  systolic 
and  pulse  pressures  increased  to  the  age  of  85  and  then  decreased.  The  diastolic 
pressure  did  not  var}'  much  after  the  age  of  70  (see  Table  I). 

The  blood  pressure  was  higher  in  women  except  after  the  age  of  90  (see 
Tables  II  and  HI). 

Tabi.k  I. — The  Avkragk  Bi.ood  Prkssi'RE  of  Both   Mk\   axd  Womkx. 


Xnmhcr 

Systolic 

Diastolio 

Pulse 

Age. 

examined. 

pressure. 

pressure. 

pressure. 

65-69 

32 

151 

82 

65 

70-74 

39 

160 

86 

73 

75-79 

38 

166 

86 

79 

80-84 

27 

175 

84 

83 

85-89 

7 

170 

90 

77 

90-94 

7 

142 

81 

61 

Tabuc  it.— Till- 

Avi.KAi-.E  Bi.ooi) 

Pressure  or  the 

W'OMEX. 

Xumljcr 

Systolic 

Diastolic 

Pulse 

Arc. 

examined. 

pressure. 

pressure. 

pressure. 

65-69 

21 

154 

83 

71 

70-74 

29 

158 

83 

72 

75-79 

24 

170 

88 

81 

80-84 

,16 

183 

85 

91 

85-89 

7 

170 

90 

77 

90-94 

3 

137 

80 

53 
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TABtE  III. — The  Average  Blood  Pressure  of  the  Mex. 


Number 

Systolic 

Diastolic 

Pulse 

Age. 

examined. 

pressure. 

pressure. 

pressure 

65-69 

11 

145 

81 

63 

70-74 

10 

166 

91 

75 

75-79 

14 

159 

89 

n 

80-84 

11 

163 

84 

80 

85-89 

0 

— 

— 

_ 

90-94 

4 

145 

81 

65 

There  were  a  few  who  had  very  high  blood  pressure  without  symptoms.  They 
were  going  about  their  every-day  duties  in  apparently  perfect  health. 

There  were  some  who  simply  complained  of  a  morning  headache,  slight  ver- 
tigo, numbness  or  tingling  of  the  hands  and  feet. 

A  third  group  presented  the  more  severe  symptoms  of  nephritis,  aortic  re- 
gurgitation, cerebral  hemorrhage,  and  arteriosclerosis. 

There  were  22  who  had  systolic  pressures  of  200  mm.  Hg.  or  over.  Thirteen 
had  arteriosclerosis  alone,  3  had  cardiac  lesions,  2  had  nephritis,  2  had  cerebral 
hemorrhage  and  cardiac  lesions,  1  cerebral  hemorrhage,  and  1  nephritis  and  a 
cardiac  lesion.  The  highest  systolic  pressure  was  270  mm.  Hg.  This  was  a  case 
of  nephritis. 

There  were  28  who  gave  diastolic  pressures  of  100  or  over.  Sixteen  had 
arteriosclerosis  alone.  Seven  had  cardiac  lesions,  2  had  cerebral  hemorrhage  and 
a  cardiac  lesion,  2  cardiac  lesions  and  nephritis,  and  1  had  cerebral  hemorrhage. 

There  were  30  who  had  pulse  pressures  of  100  or  over.  The  highest  pulse 
pressure  was  150,  observed  in  a  case  of  aortic  regurgitation.  Sixteen  had  cardiac 
lesions,  7  arteriosclerosis  alone,  3  cerebral  hemorrhage,  3  nephritis,  and  1  had 
nephritis  and  a  cardiac  lesion. 

All  cases  of  nephritis  had  very  high  blood  pressures.  Where  there  was  a 
continuous  hypertension,  nephritis  was  present,  or  the  findings  of  chronic  inter- 
stitial nephritis  presented  themselves  in  the  majority  of  cases.  Those  escaping 
were  the  subjects  of  cerebral  hemorrhage. 

The  blood  pressure  was  of  no  practical  value  in  any  of  the  heart  lesions 
except  aortic  regurgitation.  In  these  cases  the  pulse  pressure  was  always  very 
high  due  to  the  low  diastolic  pressure  or  both  high  systolic  and  low  diastolic  pres- 
sures. The  following  case  is  an  illustration.  The  patient  was  a  woman,  aged 
77 ,  who  had  a  compensated  aortic  regurgitation.  The  systolic  pressure  was  214, 
the  diastolic  pressure  was  75,  and  the  pulse  pressure  was  139  mm.  Hg. 

Where  there  was  a  combined  nephritis  and  organic  heart  disease,  the  blood 
pressure  was  very  high.  In  these  cases  of  hypertension  the  heart  had  hypertro- 
phied  sufficiently  to  maintain  the  tension. 

Wliere  there  was  broken  compensation  accompanied  by  rapid  and  irregular 
heart  action,  the  tincture  of  digitalis  was  used  with  good  results.  I  have  never 
seen  injurious  results  follow  its  careful  use  in  cases  of  brokeii  compensation. 

The  systolic,  diastolic,  and  pulse  pressures  were  high  in  all  cases  of  cerebral 
hemorrhages.  In  all  cases  of  very  high  blood  pressure,  especially  diastolic,  after 
heart  and  kidney  lesions  were  eliminated,  the  proper  precautions  were  carried 
out  to  safe-guard  against  hemorrhage.  The  pressure  dropped  slightly  following 
hemorrhage,  but  not  permanently. 
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In  one  woman,  aged  80,  who  is  not  included  in  this  series  of  cases,  the 
lemorrhage  was  from  the  eyeball.  A  year  later  there  was  a  rupture  of  the  other 
eyeball  with  hemorrhage.     Infection  and  then  meningitis  followed. 

Some  of  those  with  the  hardest  arteries  presented  normal  blood  pressure 
and  appeared  in  good  health.  Some  with  normal  radial  arteries  had  hypertension. 
Dnly  about  25  to  30  per  cent  with  marked  arteriosclerosis  presented  high  blood 
pressure.     A  high  pulse  pressure  was  common. 

Acute  enteritis  caused  a  fall  of  5  to  15  mm.  Hg.  The  blood  pressure  was 
low  in  cases  of  myocarditis,  failing  heart,  and  cerebral  embolism.  The  latter 
fact  may  be  of  value  in  dififerentiating  between  cerebral  hemorrhage  and  cere- 
bral embolism. 

The  blood  pressure  may  be  low  and  still  present  no  indication.  A  man, 
aged  65,  who  was  attending"  his  business  every  day  had  a  systolic  pressure  of 
100,  a  diastolic  pressure  of  60  ajid  a  pulse  pressure  of  40  mm.  Hg". 

A  low  pulse  pressure  was  associated  with  myocarditis  or  a  failing  heart; 
and  a  sustained  pulse  pressure  of  100  or  over  usually  resulted  in  myocarditis  or 
a  failing  heart. 

In  most  cases  of  bronchitis  there  was  a  failing  heart  with  lowering  blood 
pressure.     One  woman,  aged  81,  had  hypertension. 

There  were  four  cases  of  carcinoma,  three  of  which  had  normal  blood 
pressure.  Two  had  involvement  of  the  right  breast,  and  one,  the  nose.  The 
fourth  case  was  a  woman,  aged  79,  who  had  a  carcinoma  of  the  stomach  with 
the  characteristic  coffee  ground  vomitus.  The  systolic  pressure  was  232,  the 
diastolic  pressure  130,  and  the  pulse  pressure  was  102  mm.  Hg. 

Obesity  did  not  seem  to  influence  the  blood  pressure,  as  one  woman,  aged  76, 
who  weighed  about  270  pounds,  had  a  systolic  pressure  of  160,  a  diastolic  pressure 
of  80,  and  a  pulse  of  80  mm.  Hg. 

CONCEUSIONS. 

1.  Only  repeated  readings  of  both  systolic  and  diastolic  pressures  are  of 
value,  and  both  arms  should  be  used  for  observations  in  old  people. 

2.  Inequality  of  the  pressures  of  the  two  sides  is  frequent  in  arteriosclerosis. 

3.  There  may  be  a  high  or  low  blood  pressvire  in  arteriosclerosis ;  the  pres- 
sure falling  willi  iiuolvement  of  the  heart  muscle  in  the  process  of  fibrosis  result- 
ing in  chronic  myocarditis. 

4.  High  s}'stolic  {pressure  associated  with  high  diastolic  pressure  indicates 
cerebral  hemorrhage  or  nephritis. 

5.  A  sustained  hypertension,  both  of  systolic  and  diastolic  pressures,  indicates 
cerebral  hemorrhage,  while  hypotension  indicates  cerebral  embolism. 

6.  A  sustained  high  systolic  with  a  low  diastf)lic  pressure  usually  indicates 
:ardiac  trouble.     A  low  diastolic  pressure  is  coinnion  with  ;ii)rlic  regnrgil;ili(»n. 

7.  A  high  pulse  j)ressure  is  freciuent  in  arteriosclerosis  and  aortic  regurgita- 
tion; and  a  sustained  high  pulse  jiressure  usually  results  in  a  failing  heart. 

8.  A  systolic  pressiU'C  of  100  mav  not  keep  a  m;in  from  his  (I;iily  business. 

9.  A  lowering  l)loo(l  ])rcssure  indicates  a   failing  heart. 

10.  Acute   enteritis   lowers   the   blood   pressure. 
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THE  DEMONSTRATION  OF  TREPONEMA   PALLIDUM  IN  THE  CERE- 
BRAL CORTEX  OF  A  CONGENITAL  SYPHILITIC  CHILD* 


By  Charles  E.  Kiely,  M.D.,  Cincinnati,  Ohio. 


THE  following  report  has  to  do  with  the  demonstration  of  the  T.  pallidum, 
by  means  of  the  Noguchi  technic,  in  the  central  nervous  system  of  a 
syphilitic  child. 

The  clinical  history  is  as  follows,  and  for  it  I  am  indebted  to  the  Pedi- 
atric Service  of  the  Cincinnati  General  Hospital.  The  child  (Hospital  No. 
A-5469)  was  admitted  to  the  hospital  on  August  13,  1916,  suffering  from  a  dis- 
charging sinus  in  the  back.     The  family  history  was  not  obtained. 

Past  History. — The  patient  was  born  three  days  before  admission  and  at 
the  time  of  birth  showed  a  tumor  over  the  lower  part  of  the  spine,  extending 
about  two  inches  along  the  spinal  column  and  containing  a  clear  liquid  covered 
by  only  a  very  thin  membrane.  This  tumor  was  about  six  inches  long  and 
four  wide.  The  tumor  already  showed  signs  of  sloughing.  Otherwise  the 
child  seemed  normal. 

August  20,  1916. — The  patient  had  a  purulent  discharge  from  the  back 
and  the  tumor  had  disappeared. 

August  30,  1916. — Patient  showed  evidences  of  meningitis  with  bulging  fon- 
tanelles  and  rigidity  of  the  muscles  of  the  back;  and  a  subnormal  temperature. 

September  10,   1916,  Patient  died. 

Clinical  Diagnosis. — Spina  bifida;  meningitis. 

Autopsy  Protocol  (M.) — The  body  was  that  of  a  white  female  child  about 
18  inches  in  length.  Postmortem  rigidity  had  disappeared  and  lividity  was  pres- 
ent. There  was  an  over-riding  of  the  bones  of  the  skull.  There  were  no 
teeth  present  in  the  mouth.  Upon  each  heel  there  was  an  area  measuring  3 
cm.  in  diameter,  which  appeared  to  be  an  ulceration  due  to  pressure. 

Over  the  lumbar  region  there  was  a  reddish  ulceration  that  measured 
fully  5  cm.  in  diameter.  Upon  section  through  this,  it  was  found  that  the  dura 
mater  of  the  cord  presented  itself  immediately  and  the  vessels  of  the  dura  and 
of  the  cord  beneath  were  found  to  be  inflamed.  The  dura  w^as  adherent  to 
the  under  surface  of  the  ulceration  and  to  the  spinal  canal  just  adjacent,  but 
did  not  protrude  as  an  open  wound. 

No  abnormality  was  found  in  the  lungs,  heart,  spleen  or  kidneys.  The 
liver  was  larger  than  usual,  very  dark  red  in  color,  soft,  and  on  section  the 
organ  cut  readily,  the  cut  edge  turning  out  and  from  it  could  be  expressed  a 
blood-tinged  fluid. 

On  opening  the  skull  the  dura  was  not  found  to  be  unusually  adherent. 
The  brain  was  large  and  soft  and  on  pressure  there  escaped  from  both  lateral 

*Froin    the    Pathologic    Institute    of    the    Cincinnati    General    Hospital. 
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ventricles  fully  500  c.c.  of  a  clear,  straw-colored  fluid.  The  inner  lining  of 
the  lateral  ventricles  was  smooth  and  atrophic  in  appearances. 

Anatomic  Diagnosis. — Spina  bifida;  meningitis  of  the  cord;  hydrocephalus; 
hereditary    syphilis. 

When  received  by  the  writer  the  brain  was  in  10%  formalin.  In  addition 
to  the  notes  made  at  the  postmortem  table  it  may  be  said  that  the  ventricles 


Fig.  1. — Gross  photograph  of  the  brain  after  hemisection  in  the  coronal  plane.  The  shell  is  decidedly 
thicker  here  than  elsewhere  as  the  section  passes  through  the  basal  nuclei.  The  ventricles  have  been 
mechanically  distended  for  photography. 


t  V, 


^-  ^^'^■'^■'^*■*^^'^'^'^'•^'^.r 


■if-  ■•.;..i^''ife-. 


^\    ■■  *  .-^ :  :-! .:  •••  ■: :.  ^-i^^^-k  ''■■■■'  Tu;-..-!^ 


P'K-   2. — Section    through    the    upper    Icvtl    of    the    pons.       Microiihotograph.      Tlie    cU-.ir,     ninthly    triangular 

area  is  the   fourth  vent  ride. 


were  necessarily  tremendously  dilated  and  the  substance  reduced  to  a  shell 
averaging  about  three-quarters  of  an  inch  (  Im.h".  1  ).  Tlu-  iter  and  the  fourth 
ventricle  were  patent  and  not  in  the  least  dislended.  'I'ho  choroid  plexuses 
were  reduced  to  mere  fibrolic  strands.  The  veins  of  Cialcii  could  nol  be  recog- 
nized.     Microscopically   tiie   plexuses   ;iri'   iiiliH rated    with    mu.iII    round    cells   and 
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largely  sclerotic  (Fig.  3).  The  brain  substance  had  a  gelatinous  feel  and  was 
extremely  friable.  Sections  through  the  upper  level  of  the  pons  showed  a 
moderate  thickening  of  the  pia  with  small  round  cell  infiltration.  The  reac- 
tion in  the  vessels  was  more  marked,-  they  were  greatly  engorged  even  to  the 
fine  capillary  branches.     The  larger  vessels   showed   a  tremendous   infiltration 


Fig.    3. — Microphotograph   of  the    choroid   plexus. 


I 


Fig.  4. — Xoguchi  pie])aration.  Left  of  the  nerve  cell  in  the  center  of  the  field  is  a  neuro-fibril.  To 
the  right  is  a  treponema.  Between  this  and  the  nerve  cell  is  another  treponema  not  in  focus  of  this 
photograph  but  which  to  the  eye  was  quite  typical  when  in  focus. 
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with  small  round  cells    (Fig.  2).     The  ependyma  of  the  fourth  ventricle  was 

exfoliated  to  a  considerable  extent. 

Sections  through  the  entire  thickness  of  the  cortical  shell  were  stained  by 

the  Noguchi  technic.     Treponemata  were  found  with  comparative  ease  and  in 

rather  large  numbers  considering  their  usual  scarcity  in  nervous  tissue.     (Figs. 

4  and  5.)     These  sections  have  been  reviewed  by  Professors  Wherry,  Woolley, 

and  Morris  and  the  diagnosis  sustained. 

.  The   mechanism   of    the    hydrocephalus    ofifers    some    difficulty.      The    lack 

!  of  deformity  in  the  iter  and  fourth  ventricle  preclude  obstruction  at  the  fora- 
i  mina  of  Luschka  or  Magendie.  The  iter  was  plainly  patent.  Experimentally 
(hydrocephalus  has  often  been  produced  by  obstruction  of  the  veins  of  Galen.^ 
'  Such  may  have  been  the  mechanism  here.  Transudation  from  the  diseased 
'vessels  or  tissues  is  a  possible  explanation  and  the  one  ascribed  for  such  cases 


;  Imk-    -t- — Xugiiclii   iirL-i>aration:     a  st-coiul   lifUl   showing  two  treponcniata. 

by  Nonne,-  who  says,  "In  many  cases,  a  syphilitic  arteritis  is  probably  the 
fausc  of  tlie  hydrocephalus,  and  primarily  also  the  cause  of  the  congenital 
fialformations  ])roduced  I>y  the  bydrocephalus.  The  vessel  disease  promotes 
he  exudation  of  lymphatic  fluid  in  early  intrauterine  life,  which  causes  a 
^•atery  accumulation  in  tbe  brain  vesicles  and  the  central  canal." 
I  The  cord  was  unfortunately  not  secured  in  this  case.  'Inhere  were  no 
jigns  of  acute  meningitis  in  the  portions  of  the  central  nervous  svstein,  i.e.,  the 
iram  and  brain  stem  wliicli  came  into  my  hands.  In  the  silver  preparations 
!  lere  was  no  evidence  of  cpendymitis. 

j  nii'.i.ior.kAi'ii  N'. 

^bnndy,    W.    E.,    and    lilackfan,    K.  :  Tntc-nial    Hvdroccpliahis,    Am.    Tonr.    DU.    Cliildrcn 
»  I        December,   1914,  406.  "  ' 

I'jionne.  Max:      (Translate.l  l.y  C.   R.  Hall)    Svphilis  and   the  Nervous   SvMc.p,    2  ed      T    B 

l\        Lippmcntt  Co.,   Philadeli.hia   and  London,    ]'H6. 


A  MACHINE  FOR  SHAKING  BLOOD-MIXING  PIPETTES* 


By  Geo.  G.  Little,  M.E.,  Rochester,  Minn. 


TO  eliminate  all  shaking  by  hand  of  the  glass  tubes  used  to  determine  the 
number  of  red  and  white  corpuscles  to  a  cubic  millimeter  in  testing  blood, 
a  motor-driven  machine  was  designed  and  built  to  duplicate  the  hand  method  as 
nearly  as  possible. 


Fig.    1. — A,  cube. 


Fig.  2. — Machine  for  shaking  Ijlood-mixing  pipettes.     Baseboard   9.\12  inches;   height   of  instrument   9   inches. 


*From    the    Instrument    Department    of   the    Mayo    Clinic,    Rochester,    Minnesota. 
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A  Study  of  the  hand  motion  while  shaking  the  tube  was  made  to  determine 
the  exact  movement,  the  number  of  strokes  per  minute,  the  length  of  time  per 
tube  and  the  possible  saving  of  time  from  the  use  of  a  machine. 

The  hand  movement  showed  the  tube  to  be  moving  through  an  arc  the 
radius  of  which  was  ecjual  to  the  distance  from  the  tube  to  the  wrist,  and  the 
length  of  the  stroke  to  be  about  two  inches. 

Two  tubes  are  usually  shaken  at  one  time  by  the  hand  method.  They  are 
held  endwise  between  the  thumb  and  the  first  and  middle  fingers  and  given  a 
rapid  reciprocating  movement  lengthwise. 

A  pipette  or  tube  (Fig.  1)  has  a  bulb  or  enlarged  portion  near  the  middle 
containing  a  small  glass  cube  as  shown  at  (A).  This  bulb  is  open  to  the  air 
through  a  fine  hole  about  one-tenth  of  a  millimeter  in  diameter.  Through  it  a 
solution  is  drawn  and  into  the  solution  a  few  drops  of  blood.  The  tube  is  then 
shaken  to  throw  the  cube  from  side  to  side  through  the  mixture.  In  this  manner 
the  blood  corpuscles  are  separated  so  that  when  distributed  in  a  measured  thin 
layer  on  a  glass  slide  they  can  be  readily  counted  by  the  aid  of  a  microscope. 

Fig.  2  shows  the  machine  mounted  on  a  small  fan-motor.  An  idea  of  size 
is  given  by  the  motor  and  the  large  gear  both  of  which  are  about  six  inches  in 
diameter. 

The  pipette   (A)   is  shown  in  position  ready  to  be  shaken. 

The  holder  (B)  is  made  of  brass  tubing.  Lugs  are  soldered  in  place  to 
hold  thumb  screws  (D)  which  serve  to  secure  the  adjustable  slides  (C)  in 
place  while  the  tubes  are  being  shaken. 

The  inner  ends  of  the  slides  (C)  contain  rubber  tips  which  receive  the 
ends  of  the  pipettes,  pressing  against  and  closing  the  holes  and  thus  keeping  the 
solution  from  being  shaken  out  of  the  tube. 

The  holders  (B)  are  secured  to  cross  trunnions  bearing  in  the  upper  ends 
of  the  short  arms  on  the  shafts  (G  and  E)  and  are  moved  through  an  arc.  The 
radius  of  the  arc  is  one  inch  and  the  stroke  one  and  one-half  inches. 

The  wrist  (F) carries  the  upper  end  of  the  connecting  rod  which  trans- 
mits the  motion  of  the  wrist  (H)  on  the  crank  shaft  (A'")  driven  by  the  gear  (/) 
which  meshes  directly  with  the  pinion  on  the  motor  shaft. 

The  bearing  blocks  (/)  are  made  of  fiber  and  are  secured  to  the  side  frame 
(K).  They  support  the  crank  end  of  the  shaft  (A^)  and  are  split  at  the  lower 
ends  and  fitted  with  screws  to  take  up  the  wear  of  the  shaft. 

Two  space  rods  (A/)  secure  the  side  plates  in  position  on  the  motor  as 
well  as  hold  them  in  alignment. 

The  motor  is  supported  by  two  standards  (L)  which  are  secured  to  the 
base  board  and  have  lead  washers  underneath  to  deaden  the  slight  noise  of 
the  jnotor  and  gears. 

The  board  is  nine  by  twelve  inches  and  a  snap  swilcli  for  starting  and 
stopping  the  machine  makes  it  complete. 

The   installation   of   this   machine   sa\'es   the   services  of   one  assistant. 


FURTHER   NOTES   ON   A  MODIFICATION  OF  THE  NOGUCHI  TEST* 


By  Xorman  E.  Williamson,  M.D.,   Stockton,  Calif. 


T 


HE  results  of  142  tests  by  the  short  method  advocated  in  a  recent  article 
follow : 


NOGUCHI   OR 

CLINICAL  DIAG. 

author's  modification 

OF  NOGUCHI. 

WASSERMANN. 

NUMBER. 

Negative 

Negative 
Negative 

Negative 

86 
35 

Negative 

Weakly  positive 
Noguchi 

(  +  ) 

1 

" 

Suspicious 

± 

Negative 

5 

Syphilitic 

+  + 

5 
2 

'* 

+  + 

Negative 

2 

** 

+  +  . 

Suspicious  ±2 

1 

" 

Suspicious 

± 

Negative 

2 

" 

Suspicious 

:±^ 

Suspicious  ± 

1 

" 

Negative 

Negative 

2 

For  Noguchi  and  Wassermann  tests  the  serum  was  inactivated.  Acetone 
insoluble  fraction  was  used  as  antigen.  Sach's  antigen  would  have  made  a 
better  showing,  but  positives  must  be  checked  by  a  less  sensitive  antigen. 

Noguchi  antigen  can  be  used  with  cholesterin  and  makes  an  exceedingly 
sensitive  antigen  which  can  be  used  with  active  blood  in  my  modification.  It 
is  not  more  hemolytic  or  anticomplementary  than  the  antigen  from  which  it  is 
derived.  I  use  0.5  c.c.  of  1%  cholesterin  in  absolute  ethyl  alcohol  added  to  1  c.c. 
of  the  methyl  alcohol  solution  of  the  acetone  insoluble  fraction.  One  part  of  this 
to  9  parts  of  salt  solution  makes  the  emulsion.  I  used  0.1  c.c.  of  this  in  11  tests 
and  had  one  positive  (+-)-)  reaction  that  was  negative  by  Noguchi  antigen. 
This  case  gave  a  syphilitic  history.  I  consider  that  negatives  with  this  antigen 
have  a  decided  value;  positives  require  investigation. 

I  now  use  test  tube  racks  with  4  rows  of  holes.  I  obtain  0.12  c.c.  of  blood 
from  the  ear  and  add  it  to  3.88  c.c.  of  the  salt  solution,  containing  4  parts  per 
10,000  of  sodium  citrate,  in  a  wide  test  tube.  This  facilitates  shaking.  One  c.c. 
is  added  to  each  of  the  four  tubes.  In  the  front  row  Noguchi  antigen  with 
cholesterin  is  used;  in  the  next  Noguchi  antigen;  the  third  contains  the  anticom- 
plementary control ;  the  4th  contains  nothing  during  the  first  incubation  to  deter- 
mine fragility  of  cells ;  later  3  units  of  amboceptor  are  added,  as  in  the  other 
tubes,  as  a  measure  of  human  complement. 

When  such  fresh  blood  was  used  I  was  unable  to  detect  complementan' 
action  in  18  cases,  in  the  presence  of  1^  units  of  amboceptor.  When  3  units  arc 
used  there  is  a  faint  tinge  of  hemolysis  in  about  20%  of  the  cases.  If  the  tube 
with  antigen  shows  no  miore  color  than  the  fourth  tube,  complete  inhibition  of 
the  guinea  pig  complement  can  be  recorded.  So  far  I  have  not  seen  a  case  in 
which  the  human  complement  was  a  factor  of  any  force. 
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Tchernogubou  used  sodium  citrate  and  utilized  the  human  complement  to 
hemolyze  the  patient's  cells,  as  in  this  test.  This  cannot  be  an  accurate  gaug-e 
of  the  amount  of  complement  fixed,  and  requires  an  enormous  amount  of  ambo- 
ceptor. The  action  of  the  sodium  citrate  on  amboceptor  seems  to  have  been 
overlooked.     This  I  will  refer  to  again. 

Von  Dungern  defibrinated  blood,  which  of  itself  would  produce  some  hemo- 
lysis. He  used  the  patient's  cells  and  disregarded  human  complement.  He  used  an 
alcoholic  extract  as  antigen  which  would  give  nonspecific  proteotropic  reactions. 
He  used  0.1  c.c.  of  blood  which  is  a  large  amount  for  active  blood,  and  wdiich 
would  moreover  occasionally  contain  an  appreciable  amount  of  complement. 

I  was  convinced  by  my  original  experiments  that  sodium  citrate  did  not  afifect 
the  substance  in  syphilitic  blood  that  was  responsible  in  the  presence  of  antigen 
for  the  complement  fixation  or  absorption,  and  the  results  here  tabulated  show 
that  this  observation  is  correct.  It  was  necessary  to  determine  the  action  of  the 
citrate  on  the  other  factors  in  the  test.  That  cells  are  not  affected  has  been 
shown  by  daily  experience  in  obtaining  them  for  complement  fixation.  Guinea 
pig  serum  14  hours  old  was  titrated  as  follows :  to  one  portion  was  added  4  parts 
of  salt  solution ;  to  another  portion  was  added  2  parts  of  salt  solution  and  two 
parts  of  1%  citrate  salt  solution.  This  makes  about  the  proportion  of  citrate 
which  would  have  been  added  to  the  whole  blood  to  prevent  clotting.  There  is 
this  difference,  however,  that  the  calcium  has  been  used  in  the  clotting  of  the 
blood  and  the  citrate  is  an  excess.  The  two  portions  of  20%  complement  were 
titrated  in  parallel  rows  in  the  usual  way  with  1  unit  of  amboceptor  and  1  c.c. 
of  1%  suspension  of  washed  human  cells;  0.01  c.c.  was  the  interval  between 
tubes.  The  salf  solution  complement  showed  a  unit  of  0.08  c.c.  The  citrated 
complement  reached  maximum  hemolysis  at  the  same  point,  the  hemolysis  being 
almost,  but  not  quite,  complete.  There  were  just  a  few  more  cells  in  the  tubes 
containing  more  complement.  This  showed  that  there  was  no  effect  on  the  com- 
plement, but  did  suggest  a  deleterious  action  on  amboceptor. 

Fresh  guinea  pig  blood  was  added  to  an  equal  quantity  of  1  Cf  sodium  citrate, 
centrifugated.  and  decanted.  Tt  was  at  once  tested  for  complement.  It  was 
present  but  not  strong.  The  next  day  the  complement  was  strong.  Just  enough 
1%  calcium  chloride  was  then  added  to  a  portion  to  produce  clotting.  On  separa- 
tion of  the  clot  the  comjjlcment  was  found  to  be  unaffected.  Calcium  chloride  in 
excess  of  this  amount  was  anticomplementar}-,  as  is  known.  It  may  be  possible 
that  excess  of  calcium  is  one  of  the  factors  concerned  in  the  anticomplementary 
action  of  some  sera.  None  of  the  bloods  used  in  the  test  in  f|uestion  have  ap- 
peared to  have  a  marked  antic(Mnplemcnlary  action.  'I'his  may.  however,  be  due 
to  the  freshness  of  the  material. 

Aflding  measured  amounts  of  1 ' >'  sodium  citrate  in  making  the  dilution  ot 
amboceptor  it  was  found  that  one  unit  of  amboceptor  was  destroyed  by  0.2  c.c. 
of  1%  citrate  salt  solution.  That  this  was  not  caused  by  change  in  osmotic  ten- 
sion was  shown  by  adding  salt  solution  in  the  same  concentration.  Tt  took  0.5  c.c. 
to  have  the  slightest  detrimental  effect  on  tlie  reaction.  Tiu'  citrate  used  in  the 
test  has  united  with  calcium  and  \vr\  little  is  free.     'I'he  extra  unit  of  amboceptor 
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found  to  be  of  advantage  in  this  test  is  to  overcome  the  antihemolysin  present  in 
many  bloods  for  the  patient's  own  cells ;  to  produce  a  quick  reaction  for  early 
reading;  to  anticipate  by  such  early  reading  the  strengthening  of  the  hviman 
complement.  I  believe,  moreover,  it  assists  in  eliminating  false  positions.  Pa- 
tients showing  suspicious  reactions  should  be  made  the  subject  of  thorough  inves- 
tigation. Five  out  of  seven  were  shown  by  careful  study,  including  examination 
of  spinal  fluid,  to  be  in  all  probability  free  from  syphilis. 

After  the  tubes  have  stood  for  many  hours  a  clot  forms  in  each  tube.  This 
suggests  the  possibility  of  a  chemical  union  of  citrate  and  amboceptor,  by  which 
the  calcium  is  set  free.  If  it  were  due  to  calcium  in  excess  in  the  guinea  pig 
serum  added,  the  action  should  be  more  prompt. 

All  patients  admitted  to  this  hospital  by  10:00  a.  m.  on  Mondays  and 
Thursdays  are  examined  by  this  method  and  a  report  made  to  the  Clinic  at  2  :00 
p.  M.  of  these  days.  Strong  positives  and  decided  negatives  have  a  great  value  in 
the  study  of  the  case.  The  possible  effect  of  alcohol  in  producing  a  negative  is 
eliminated  by  a  subsequent  test  a  few  days  later.  Venepuncture  is  a  severe  shock 
to  many  nervous  cases,  though  it  is  still  done  for  the  sake  of  comparison.  This 
test,  supplemented  with  spinal  puncture,  may  prove  to  give  all  the  information 
obtainable. 


FURTHER  NOTES  ON  A  MODIFICATION  OF  THE  NOGUCHI  TEST* 


By  Norman  E.  Williamson,  M.D.,  Stockton,  Calif. 


SINCE  the  complete  inhibition  of  hemolysis  should  be  the  only  criterion 
in  titration  .of  a  syphilitic  blood,  the  presence  of  demonstrable  cells  is  all 
that  is  necessary  for  this  purpose.  Since  no  blood  would  be  titrated  which  had 
not  already  shown  complete  inhibition  in  the  standard  quantity  of  blood  mix- 
ture, 1  c.c,  the  titration  may  well  begin  with  ^  c.c.  of  blood  mixture  and  can 
be  done  according  to  the   following  table : 

A  blood  I  examined  gave,  when  inactivated  by  the  Noguchi  system  with 
the  standard  of  0.08  c.c.  complete  inhibition  with  0.03  c.c.  This  would  be  equal 
to  six  plus.  The  same  blood  titrated  by  the  method  here  given  gave  inhibition 
in  the  fourth  tube  which  contained  0.0075  c.c.  of  blood  or  approximately  0.005 
c.c.  of  serum.  This  would,  according  to  this  method,  be  8  plus,  so  in  comparing 
titration  with  the  fresh  blood  with  former  methods,  allowance  should  be  made 
for  this  difference.  It  is  readily  seen  in  this  case  that  by  inactivation  the  blood 
had  lost  %  of  its  strength  in  syphilitic  reagin.  If  amboceptors  capable  of  non- 
specific fixation  lost  as  much,  their  action  would,  of  course,  not  show.  Dilution 
of  fresh  blood  may  serve  the  same  purpose  of  preventing  nonspecific  fixation 

To  save  materials  and  also  to  get  the  effect  of  further  dilution,  one  car 
use  in  the  standard  test,  half  the  quantity  of  blood,  or  0.06  c.c.  in  3.94  c.c 
salt  solution,  and  use  1  c.c.  for  each  tube.     All  materials  can  then  be  used  i' 
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half  strength  and  the  results  are  excellent.      It  is  well  to  pay  no  attention  to 
minor  degrees   of   inhibition  of   hemolysis. 

For  survey  purposes  of  old  patients  in  this  hospital,  I  am  using  only  the 
cholestrinized  acetone  insoluble  fraction  as  antigen,  repeating  positives  with 
the  non-cholestrinized  antigen.  This  saves  material  as  old  cases  so  far  have 
not  shown  more  than  one  positive  in  thirty  patients. 
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EDITORIALS 


The  Condition  of  the  Circulatory  and  Respiratory  Systems  in 

Pneumonia 

VALUABLE  information  concerning  the  state  of  the  heart  muscle  and  of  the 
vasomotor  and  respiratory  centers  secured  from  experiments  on  animals 
has  been  published  at  various  periods  during  the  past  two  years  from  the  labora- 
tory of  Comparative  Physiology  of  the  Harvard  Medical  School.  On  account 
of  the  great  importance  which  the  conclusions  so  far  reached  must  have  in  the 
investigation  of  the  disease  in  man,  the  following  brief  review  of  the  work  is 
oiifered  here. 

The  first  paper,  published  by  Porter  and  Newburgh^.  deals  with  the  state 
of  the  vasomotor  center  in  rabbits,  cats  and  dogs  exhibiting  marked  symptoms 
of  pneumonia  as  a  result  of  infection  with  the  pneumococcus  of  Frankel  or  the 
streptococcus  mucosus  (pseudopneumococcus,  pneumococcus  mucosus).  The 
first  mentioned  organism  was  injected  intravenously  in  rabbits,  and  caused  a 
septicemia,  death  occurring  in  from  48  to  96  hours.  The  pseudopneumococcus 
was  introduced  directly  into  the  bronchi  through  a  catheter  in  all  three  classes 
of  animals ;  it  caused  acute  bronchopneumonia,  but  some  of  the  animals,  particU' 
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larly  the  cats,  ultimately  recovered  ;  the  others,  particularly  the  dogs,  often  in 
about  twenty-four  hours  developed  a  comatose  condition  with  a  marked  fall 
in  rectal  temperature.  The  condition  of  the  vasomotor  center  in  animals  near- 
ing  death  was  ascertained  by  measuring  the  reflex  change  in  blood  pressure 
produced  by  stimulating  depressor  or  pressor  nerve  fibers.  It  was  found  that 
the  changes  were  of  the  same  magnitude  as  those  observed  by  the  same  methods 
of  investigation  in  normal  animals,  thus  proving  beyond  dispute  that  in  animals 
about  to  die  from  pneumonia  the  vasomotor  center  is  in  a  normal  condition. 

The  next  important  paper  of  the  series-  deals  with  the  condition  of  the 
heart  muscle  in  dogs  near  death  or  just  dead  of  pneumonia  produced  by  in- 
tratracheal injection  of  B.  pneumoniae  (Friedlander ).  The  condition  of  the 
heart  muscle  was  determined  by  observing  the  work  done  by  a  piece  of  excised 
ventricular  muscle  perfused  under  pressure  through  the  left  coronary  artery. 
The  piece  of  muscle  was  connected  with  a  muscle  lever  writing  on  a  very  slowly 
moving  recording  drum,  the  work  done  being  gauged  by  the  length  of  the 
period  during  which  the  muscle  continued  to  contract  and  the  total  area  of  the 
contractions.  To  secure  comparative  figures  the  ingenious  device  was  adopted 
of  cutting  out.  from  cards  of  uniform  thickness,  exact  patterns  of  the  tracings, 
which  were  then  weighed.  It  is  not  generally  known  that  Porter  successfully 
used  the  above  method  for  studying  the  beating  of  excised  mammalian  ventricu- 
lar muscle  just  twenty  years  ago,  which  entitles  him  to  the  credit  of  being  the 
first  investigator  to  succeed  in  demonstrating  that  mammalian  cardiac  muscle 
maintains  its  rhythmical  contractility  outside  the  body. 

Four  series  of  experiments  were  performed,  ten  animals  being  used  in  each 
series.  The  general  nature  of  the  experiments  and  the  average  results  are  as 
follows : 

DURATION   01^         TOTAL  WEIGHTS  OF 
PREPARATION  CONTRACTIONS      CONTRACTION  AREAS 

1.  Normal   ventricle   and   normal   blood  181  minutes  8.84  gm. 

2.  Pneumonic    ventricle   and    normal    blood  187  minutes  8.46  gm. 

3.  Normal  ventricle  and  pneumonic  blood  70  minutes  3.40  gm. 

4.  Pneumonic   ventricle   and   pneumonic   blood  176  minutes  6.46  gm. 

The  results  clearly  demonstrate  that  in  pneumonia  the  heart  muscle  is  per- 
fectly normal  when  it  is  fed  either  with  normal  blood  (2)  or  with  pneumonic 
blood  (4),  but  that  the  efificiency  of  a  normal  heart  is  strikingly  lowered  when 
it  is  supplied  with  pneumonic  blood  (3).  Two  conclusions  of  the  greatest  con- 
sequence are  thus  permissible :  the  first,  that  tlie  heart  muscle  is  not  func- 
tionally impaired  in  pneumonia;  and  the  second,  that  this  nonimpairment  is  due 
to  the  muscle  having  acquired  some  sort  of  immunity  towards  the  poisonous 
influence  which,  as  the  results  of  the  third  series  of  experiments  show,  pneu- 
monic blood  exerts  on  normal  cardiac  muscle. 

Having  shown  that  neither  the  \asomotor  center  nor  the  heart  muscle  is 
affected  in  pneumonia,  direction  was  centered  on  tlu'  beliaxior  of  the  respiratory 
center.^  The  reason  for  choosing  this  as  the  next  step  to  take  in  the  investiga- 
tion was  the  fact,  often  observed  by  the  authors  diuMng  the  work  described  above, 
that  the  res])iralions  fre(|uently  failed  uhilr  tin-  lu'art  and  \asomotor  center 
were  normal.     Tlu-  condition  of  llu'  rfs|)iralor\-  nK-rlianisni  was,  therefore,  com- 
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pared  in  healthy  dogs  and  cats  with  its  condition  in  animals  infected  with  pneu- 
monia (B.  pneumoniae  of  Friedlander,  and,  in  one  case,  the  pneumococcus). 

The  activity  of  the  respiratory  center  was  studied  by  observing  the  volume 
of  air  passing  into  and  out  of  the  lungs  while  the  animal  breathed  through  a 
tracheal  cannula,  and  (Tissot)  valves,  into  a  graduated  (Gad)  spirometer  and 
out  of  a  bottle,  the  bottle  and  spirometer  being  also  connected  by  tubing  so  as 
to  form  a  closed  system.  The  spirometer  was  caused  to  record  its  excursions 
on  a  drum.  As  the  CO,  increased  in  the  air  of  the  system — determined  by  re- 
moving samples  for  analysis — the  curve  became  deeper  until  the  maximum  re- 
action was  reached.  It  was  found  that  anesthetics  materially  depressed  the  re- 
activity of  the  center  in  normal  animals,  but  that  decerebration  had  no  effect 
(after  allowing  the  influence  of  the  anesthesia  necessary  for  the  decerebration 
to  pass  off).  The  observations  were,  therefore,  made  on  decerebrated  animals 
except  in  the  case  of  dogs  in  which  the  pneumonia  had  gone  so  far  as  to  make 
them  comatose.  The  average  percentile  increase  in  tidal  air  in  normal  de- 
cerebrated dogs  as  compared  with  pneumonic  dogs  with  the  same  initial  ventila- 
tion was  found  to  be  as  follows : 

CO2  PER  CENT  IN  AIR  PERCENTILE   INCREASE    IN    C.C.    AIR   BREATHED. 

OP  SYSTEM  Normal  Pneumonic 

1  17  15 

2  43  35 

3  90  57 

4  148  74 

5  216  85 

It  was  shown  that  the  mechanical  effect  of  the  consolidation  of  the  lungs 
was  not  responsible  for  these  results;  thus,  they  were  not  obtained  after  in- 
jecting starch  into  the  bronchi,  nor  was  the  fall  in  excitability  of  the  center  in 
the  pneumonia  cases  proportional  to  the  degree  of  consolidation  of  the  lungs. 
The  degree  of  depression  of  the  center  was  found  to  be  proportional  to  the 
stage  of  the  disease.  By  making  a  division  into  mild  and  severe  cases,  as  de- 
termined by  the  behavior  (lowering)  of  the  rectal  temperature,  such  results 
as  the  following  w-ere  obtained :  ji 

REACTION  TO  5  PER  CENT  CO.  PERCENT 

In  normal  dogs    (with  varying  initial   ventilation; 

In  moderately  ill  dogs 127 

In    gravely    ill    dogs 68 

Perhaps  the  most  interesting  of  the  papers  is  the  last  to  be  reported*,  in 
which  the  possible  causes  for  the  depression  of  the  respiratory  center  are  in- 
vestigated. Using  the  above  described  method  for  testing  the  excitability  of  the 
center,  it  was  found  that  intravenous  injection  of  the  cultures  of  the  B.  pneu- 
moniae into  a  normal  dog  did  not  cause  depression,  neither  did  injection  of 
blood  from  another  animal  dying  of  the  disease.  These  two  observations  show 
that  the  poisons  produced  in  the  blood  by  the  growth  of  the  organism  are  not 
the  cause  of  the  depression.  The  possibility  next  considered  was  that  in- 
adequate oxygen  supply  to  the  center  might  lower  its  excitability,  the  cyanosis 
so   commonly  observed  as  one  of   the   symptoms  of    pneumonia    giving    some 
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weight  to  the  suggestion.  Experiments  of  various  types  were  performed  to 
test  it;  thus,  pneumonic  animals  were  supplied  with  an  excess  of  oxygen  by 
keeping  them  for  long  periods  of  time  in  a  box  ventilated  with  air  containing 
several  times  the  normal  percentage  of  oxygen,  but  with  entirely  negative  re- 
sults, for  neither  was  the  progress  of  the  disease  checked,  nor  the  condition 
of  the  animal  materially  improved,  nor  any  change  noticeable  in  the  frequency 
or  the  depth  of  the  respirations.  Attempts  to  administer  the  oxygen  by  slowly 
injecting  it  into  a  capillary  area  (through  the  femoral  artery)  were  disastrous, 
for  the  oxygen  formed  air  emboli,  which  could  be  seen  through  the  exposed 
femoral  vein  and  which  quickly  killed  the  animal.  These  experiences  do  not 
offer  much  support  to  the  clinical  practice  of  oxygen  administration  in  pneu- 
monia. That  oxygen  starvation  of  the  center  could  not  be  held  accountable 
for  the  dyspnea  was  further  shown  by  the  inability  to  demonstrate  a  similar 
degree  of  dyspnea  after  reduction  of  the  number  of  red  blood  corpuscles  by 
hemorrhage  or  by  combining  some  of  the  hemoglobin  with  carbon  monoxide 
(by  mixing  illuminating  gas  with  the  inspired  air). 

It  was  also  attempted  to  conserve  the  animal's  strength  and  so  prolong 
life  or  permit  "the  crisis''  to  be  tided  over  by  applying  forced  respiration  by 
means  of  an  artificial  respiration  apparatus,  but  again  with  entirely  negative  re- 
sults;  indeed  it  was  found  that  the  animals  went  on  breathing  at  the  usual  (pneu- 
monic) rate  and  depth  in  spite  of  the  forced  respirations.  To  make  it  perfectly 
certain  that  the  depression  of  the  center  could  not  be  due  merely  to  its  ex- 
haustion as  a  result  of  the  frequency  and  excessive  intensity  of  its  discharges. 
a  condition  of  dyspnea  was  induced  in  normal  animals  by  causing  them  to 
respire  for  several  hours  in  an  atmosphere  containing  an  excess  of  carbon 
dioxide  (with  abundance  of  oxygen),  and  then  removing  them  and.  when  the 
breathing  had  returned  to  normal,  testing  the  response  of  their  respiratory 
center  by  the  above  described  method.  It  was  found  to  be  normal.  Mere 
fatigue  of  the  center  cannot,  therefore,  be  the  cause  of  its  depression  in  pneu- 
monia. 

In  the  face  of  so  many  negative  results,  it  seemed  as  if  no  definite  cause 
could  be  discovered  to  account  for  the  dulling  of  the  respirator}-  center,  but  a 
clue  was  secured  by  piecing  together  certain  of  the  above  observations ;  thus, 
that  no  dyspnea  occurs  when  there  is  no  inflammation  of  the  lungs,  although 
fatal  bacteremia  is  present,  as  after  intravenous  injection  of  W.  ])neumonia.  and 
that  such  does  occur  when  inflammation  of  the  lungs  is  present,  as  when  the 
bacillus  is  administered  intratracheally,  indicates  clearly  that  it  is  not  because 
of  any  toxic  substance  in  the  bl(KKl  that  the  center  becomes  dulled,  but  rather 
that  the  inflammatory  condition  of  the  lungs  (jf  the  same  animal  is  the  re- 
sponsible factor.  The  question  remains  as  to  how  the  condition  in  the  lungs 
comes  to  act  on  the  res])iratory  center.  Two  |)ath\\ays  are  open  lietween  the 
lungs  and  the  center,  the  blood  and  the  \agus  ner\es.  The  fornicr  i^  ruled  out 
as  concerned  in  connection  with  pneumonia,  because  blood  from  a  pntniiioiiic 
animal  does  not  cause  dysi)nca  when  injected  into  one  that  i^  ni>rnial.  I'.y  ex- 
clusion, then,  it  would  appear  that  the  association  is  affected  through  the  \agus 
nerves,  and  it  is  certainlv  to  be  considered  as  one  <d'  tlie  most  inttrestiug  results 
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of  recent  research  in  experimental  medicine  that  the  authors  should  have  suc- 
ceeded in  showing,  by  direct  experiment,  that  this  conclusion  is  the  correct  one. 
In  short,  they  found  that  the  excitability  of  the  respiratory  center  to  carbon  di- 
oxide— as  measured  by  the  above  described  method — is  the  same  in  vagotomized 
pneumonic  dogs  as  in  normal  animals.  In  the  vagotomized  animals  it  was  also 
observed  that  there  is  no  dyspnea,  and  that  the  fall  in  the  rectal  temperature, 
usually  observed  shortly  before  death,  was  often  absent,  sudden  death  being, 
however,  not  infrequent. 
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Commercial  Glucose  As  a  Food 

WESENER  and  Teller^  have  recently  reported  a  study  of  the  chemical  and 
digestive  properties  of  commercial  glucose.  This  term  is  applied  to  a 
product  obtained  by  the  action  of  certain  catalytic  agents  upon  refined  starch, 
continued  until  the  starch  is  converted  into  a  mixture  consisting  principally  of 
glucose,  maltose  and  dextrins.  The  digested  mass  is  purified  by  bone-black 
and  then  evaporated  to  a  syrup.  In  this  country  cornstarch  is  used  exclusively 
and  the  product  is  known  as  corn  syrup.  Wesener  and  Teller  describe  this 
preparation  as  follows :  "Commercial  glucose  is  a  complex  body  of  viscous  con- 
sistency, running  about  42  to  45°  Beaume,  and  containing  80  to  85  per  cent 
of  solids  and  15  to  20  per  cent  of  water.  It  is  nearly  water-white  and  possesses 
a  mild  sweet  taste.  The  solids  are  composed  almost  wholly  of  sugars  and 
dextrins,  a  minor  portion  consisting  of  a  trace  of  mineral  matter.  The  ash, 
present  to  the  extent  of  mere  traces,  consists  of  mineral  salts,  including  phos- 
phates, sulphates,  chlorides  and  carbonates,  chiefly  of  sodium  and  lime.  Tests 
for  arsenic  and  other  poisonous  metals  show  these  not  to  be  present.  Nitrogen- 
ous substances  are  present  as  mere  traces,  chiefly  as  protein  bodies,  amounting 
to  about  0.06  per  cent." 

The  sugars  fermentable  with  baker's  yeast  are  a  mixture  of  maltose  and 
dextrose,  these  varying  in  different  preparations  from  11.7  to  17.2  per  cent  of 
dextrose  and  from  22.9  to  16.4  per  cent  of  maltose.  There  is  a  third  substance 
which  is  less  readily  fermentable  by  ordinary  baker's  yeast  but  which  is  made 
fermentable  by  the  action  of  certain  enzymes,  notably  those  present  in  pancreatin, 
Taka-diastase  and  malt,  also  by  dilute  hydrochloric  acid  under  the  influence  of 
heat.  This  substance  amounts  to  about  14  per  cent  of  the  glucose,  when  cal- 
culated as  maltose,  and  about  8  per  cent  when  calculated  as  dextrose.  The 
unfermentable    bodies    after    the    removal    of    the    substances    above   mentioned 
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consist  of  those  bodies  generally  denominated  as  dextrins,  and  these  after  sub- 
jection to  the  hydrochloric  action  of  diastase  are  converted  into  substances 
which  under  suitable  conditions  undergo  almost  complete  alcoholic  fermenta- 
tion. Likewise,  these  dextrins  after  being  acted  upon  by  hot  dilute  acid  become 
wholly  fermentable.  A  good  quality  of  Taka-diastase  converts  the  unfer- 
mentable  bodies  into  fermentable  sugars,  leaving  only  a  small  amount  of  uii- 
fermentable  residue,  which  contains  less  than  one  per  cent  of  the  glucose  taken. 
Pancreatin  of  good  quality  has  a  like  effect,  but  in  some  instances  the  conver- 
sion was  less  complete  than  with  Taka-diastase. 

A  comparative  study  was  made  of  the  action  of  hydrolytic  agents,  including 
enzymes,  on  commercial  glucose  and  our  chief  carbohydrate  foods,  such  as 
potatoes,  breakfast  cereals,  bread,  etc.,  and  upon  pure  starches  obtained  from 
these  foods.  In  these  comparisons  it  was  found  that  the  carbohydrates  of  glu- 
cose agree  closely  in  gas  production  with  the  carbohydrates  of  ordinary  foods. 
When  the  latter  are  acted  upon  by  isolated  ferments  and  yeast  they  yield  vari- 
able but  appreciable  amounts  of  unfermentable  products. 

Wesener  and  Teller  conclude  their  report  with  the  following  statement: 
"The  fact  that  commercial  glucose,  when  it  is  treated  with  diastase  and  then 
subjected  to  yeast  fermentation,  is  almost  wholly  converted  into  alcohol  and  car- 
bon dioxide,  goes  to  prove  that  it  consists  of  products  that  are  wholly  assimil- 
able, and,  therefore,  it  furnishes  a  food  to  the  body  of  a  sugar  nature.  In  this 
respect  it  is  a  more  concentrated  and  at  the  same  time  a  more  readily  assimilable 
food  than  are  most  of  the  carbohydrates  belonging  to  the  ordinary  foodstuffs 
which  first  have  to  undergo  cooking  and  then  complete  hydrolysis  by  the  action 
of  the  digestive  enzymes  before  they  can  be  utilized  by  the  body.  In  this  re- 
spect glucose,  pound  for  pound  of  dry  weight,  will  furnish  at  least  as  much 
energy  as  does  cane  sugar." 

Carlson,  Hektoen,  and  LeCount"  have  studied  the  eft'ects  of  commercial 
glucose  when  fed  to  white  rats.  Four  groups  of  twenty-five  each  were  fed  on 
glucose  bread ;  two  groups  of  the  same  number  each  on  cane  sugar  bread,  and 
two  groups  on  sugar-free  bread.  The  feeding  was  continued  through  six 
months,  a  period  of  about  one-sixth  the  average  length  of  life  in  this  animal. 
The  quantity  of  glucose  consumed  each  day  by  those  fed  on  the  glucose  bread 
amounted  to  from  2.5  to  3.5  g.  per  kilo  body-weight.  ''A  parallel  test  on  a 
group  of  persons  weighing  each  60  kilos  and  living  sixty  years  on  the  average 
would  mean  a  daily  consumption  of  150  to  200  g.  commercial  glucose  per  day 
for  ten  years."  The  animals  were  kept  twenty-five  in  a  cage  and  the  ration  to 
begin  with  for  each  cage  consisted  of  300  g.  of  bread,  150  g.  of  carrots,  or 
of  meat  occasionally,  and  plenty  of  water.  All  debris  was  removed  and  a  new 
supply  of  food  given  at  a  certain  hour  each  day.  As  a  rule  the  day's  supply 
was  wholly  exhausted  with  the  exception  of  the  hardest  broad  crusts.  After 
about  one  month  the  daily  ration  was  increased,  the  same  in  each  cage.  The 
animals  did  not  wholly  escape  infection  and  some  succumbed  to  pneumonia  and 
so-called  rat-typhoid,  but  one  grou])  did  not  suffer  from  infection  more  than  the 
others.  Weighings  were  made  every  two  weeks  and  llic  results  showed  tiiat 
weight  increased  at  practically   the  same  rate   in   vacU   group.      In   llu'  i-oursc  of 
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the  experiment  two  rats  of  each  group  were  injected  intra-abdominally  with 
5  c.c.  of  a  ten  per  cent  suspension  of  sheep  corpuscles  per  kilo  of  rat  weight  and 
six  days  later  these  animals  were  killed  and  the  production  of  antibody  de- 
termined. All  groups  corresponded  in  this  particular  and  showed  no  difference 
from  rats  kept  under  usual  laboratory  conditions.  The  fecundity  of  the  glucose- 
fed  rats  was  slightly  greater  than  that  of  the  other  groups. 

These  investigators  state  their  conclusions  as  follows :  "The  addition  of 
commercial  glucose  in  the  amounts  of  about  2.5  to  3.5  g.  per  kilo  body-weight 
per  day  to  the  diet  of  white  rats  for  a  period  of  six  months  has  no  abnormal 
influence  on  the  animals,  either  favorable  or  unfavorable,  as  determined  by  the 
rate  of  growth,  fecundity,  immunity  reactions  and  the  condition  of  the  organs. 
As  both  the  glucose-fed  and  the  control  groups  were  kept  on  a  liberal  diet 
throughout  the  observation  period,  the  experiment  does  not  show  to  what  ex- 
tent the  commercial  glucose  was  actually  absorbed  and  oxidized,  but  in  the 
quantities   fed.  the  commercial  glucose  certainly  has  no  injurious  effects." 

Sansum  and  \\'oodyatt"  have  used  phlorhizinized  dogs  to  determine  to  what 
extent  the  carbohydrates  of  commercial  glucose  are  absorbable  and  convertible 
into  d-glucose  and  consequently  to  what  extent  they  are  utilizable  in  the  organ- 
ism. "The  idea  suggested  itself  of  passing  a  food  through  the  body  of  a 
completely  phlorhizinized  dog  and  measuring  its  total  yield  of  extra  sugar  in  the 
urine,  the  well  known  phlorhizin  technic  being  thus  applied  to  a  problem  of 
food  analysis.  The  extra  sugar  recovered  would  then  naturally  represent  noth- 
ing which  was  either  indigestible,   unabsorbable  or  unassimilable." 

\\'ith  this  idea  these  investigators  fed  completely  phlorhizinized  dogs  with 
pure  d-glucose  and  with  commercial  glucose  and  determined  the  extra  sugar 
which  appeared  in  the  urine  in  each  case.  Theoretically  all  the  d-glucose 
may  be  recovered  in  the  urine,  but  practically  in  their  experiments,  only  74.6  per 
cent  was  so  recovered,  while  71.29  per  cent  of  the  commercial  glucose  was  recov- 
ered. "On  the  basis  that  the  sample  of  commercial  glucose  submitted  for  study 
contains  20  per  cent  of  water,  100  g.  of  the  solid  residue  is  capable  of  affecting 
the  urinary  out-put  of  d-glucose  from  completely  phlorhizinized  and  glycogen-free 
dogs  in  the  same  manner  as  though  it  contained  95.48  per  cent  of  pure  d-glucose. 
This  implies  that  at  least  95.48  per  cent  of  the  solid  matter  in  the  sample  of  com- 
mercial glucose  studied  is  capable  of  passing  through  wdiatever  physiological 
processes  of  digestion,  absorption,  and  assimilation  are  necessary  for  its  ultimate 
existence  in  the  body  as  d-glucose." 

"The  animals  showed  no  evidences  of  any  deleterious  effects  attributable 
to  the  ingestion  of  commercial  glucose,  notwithstanding  the  large  size  of  the 
doses  (1  to  2  g.  per  kilo  of  body  weight  in  three  to  six  hours)  and  the  great 
sensitiveness  of  completely  diabetic  animals  to  toxic  influences." 

One  can  only  conclude  from  the  evidence  brought  forward  by  the  several 
investigators  above  quoted  that  Mendel*  is  justified  in  the  following  statement: 
"Corn  syrups  and  glucose  sugars  artificially  prepared  from  cheap  sources  of 
starch  have  survived  tbe  ]:)ropaganda  of  prejudice  and  now  represent  one  of  the 
cheapest  sources  of  wholesome  nutriment." 

There  is  nothing  fleleterious  in  commercial   glucose   as  now  prepared.      It 
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consists  of  carbohydrates,  which  are  in  part  predigested  and  in  part  partly 
digested.  All  of  these  are,  after  the  completion  of  alimentary  digestion,  ab- 
sorbable and  assimilable  and  capable  of  supplying  the  body  with  energy.  In 
short  they  comply  with  all  the  requirements  of  a  healthy  food.  The  average 
man  needs  in  his  daily  ration  about  540  g.  of  carbohydrates.  It  is  best,  indeed 
it  is  quite  essential,  that  his  daily  ration  should  consist  of  mixed  carbohydrates. 
If  he  took  it  all  in  the  form  of  plain  starch,  his  digestion  would  be  overtaxed. 
If  he  took  it  all  completely  digested  it  would  be  absorbed  so  rapidly  that  the 
blood  would  be  flooded  with  it  and  glycosuria  would  result.  If  he  took  it  all 
in  the  form  of  cane  sugar  it  would  be  too  sweet  and  besides  intestinal  irritation 
would  result.  By  thorough  cooking  of  starchy  foods  man  secures  their  partial 
digestion  and  their  more  ready  absorption.  Commercial  glucose  consists  of 
partiall}'  digested  carbohydrates  and  if  a  higher  degree  of  sweetness  is  desired 
it  may  be  mixed  with  cane  sugar. 

'\\'hile  the  former  is  a  manufactured  product,  the  hydrolytic  changes 
brought  about  in  its  preparation  are  identical  with  those  occurring  in  the  ali- 
mentary canal ;  consequently  its  predigested  and  partly  digested  constituents 
correspond  to  stages  reached  in  the  normal  digestion  of  carbohydrates  and 
supply  the  body  with  similar  sources  of  energ}^  Commercial  glucose  may  be 
regarded  as  a  wholesome  and  nutritive  food  and  may  be  mixed,  as  taste  or 
fancy  may  dictate,  with  other  carbohydrates  in  the  preparation  of  the  daily 
ration. 
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Some  New  Facts  Concerning  the  Adrenal  Glands 

T^HERE  is  no  subject  in  physiology  that  has  attracted  more  attention  in  recent 
-■-  years  than  has  the  function  of  the  adrenal  glands.  This  interest  has  not 
been  confined  alone  to  the  medical  profession,  for  we  find  several  somi-p()i)ular 
books  in  which  attention  is  given  to  the  relation  which  these  glands  bear  to 
many  of  the  functions  of  the  human  mechanism.  The  effects  of  the  removal 
of  the  glands  from  the  body  are  so  drastic,  and  the  ])hysi()logical  action  of  liio 
substance,  cpinephrin,  which  they  secrete,  is  so  widespread  and  apparent  that 
the  importance  of  the  glands  cannot  1)6  questioned.  Any  new  facts  which  add 
to  our  knowledge,  or  any  experiments  which  disprove  existing  theories  concern- 
ing the  working  of  the  glands  are  surely  most  welcome,  for  there  is  still  nuich 
uncertainty  as  to  the  normal  function  of  epinephriii  and  tlie  conditions  under 
which  it  is  secreted  into  the  blood. 

Recent   work  has  im])ressed  oiu-   with   the   idea   that    the  .adrenal   glands  l»e- 
sidcs   Continually    secreting   some   adrenalin    intn    tlu'    blood,    act,    as    it    were,   as 
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emergency  auxiliary  organs  to  the  sympathetic  nervous  system,  and  in  time  of 
stress,  pour  out  an  increased  amount  of  epinephrin  into  the  blood.  As  ex- 
amples and  proof  of  the  ultility  of  such  a  mechanism,  the  effect  that  epinephrin 
has  on  increasing  the  amount  of  blood  sugar  is  cited,  and  the  occurrence  of 
emotional  hyperglycemia  is  attributed  to  the  extra  epinephrin  which  is  poured 
out  into  the  blood  during  great  nervous  excitement.  Again,  stimulation  of  the 
splanchnic  nerves,  emotional  excitement,  and  injections  of  epinephrin  all  de- 
crease the  clotting  time  of  blood,  an  obvious  advantage  to  animals  in  combat. 
Morphine  is  known  to  reduce  the  amount  of  epinephrin  which  can  be  collected 
from  the  glands  of  a  cat.  This  action  is  supposed  to  be  due  to  the  fact  that 
morphine  excites  the  cat  and  that  this  excitation  brings  about  a  depletion  of  the 
epinephrin  in  the  gland  by  stimulation  of  the  secretory  nerves  of  the  gland. 

A  recent  paper  by  Stewart  and  Rogoff*  upon  the  influence  of  certain 
factors,  especially  emotional  disturbances  upon  the  epinephrin  content  of  the 
adrenals,  throws  some  new  light  upon  the  relationship  of  these  glands  to  the 
central  nervous  system.  These  investigators  could  obtain  no  evidence  that 
there  is  a  decrease  in  the  amount  of  epinephrin  which  can  be  obtained  from  the 
adrenal  of  the  cat  after  prolonged  emotional  disturbance  produced  by  frighten- 
ing with  a  dog;  nor  could  they  obtain  any  evidence  that  the  depletion  of 
epinephrin  in  the  adrenals  following  the  administration  of  morphine  is  due  to 
the  attending  nervous  excitement.  All  the  signs  of  morphine  fright  was  ob- 
served in  cats  in  which  one  adrenal  was  removed  and  the  nerve  supply  of  the 
other  gland  destroyed,  thus  establishing  a  condition  which  is  known  to  pro- 
tect the  adrenal  from  morphine  depletion.  Moreover,  dogs  respond  to  mor- 
phine without  excitement,  and  yet  when  given  the  alkaloid,  marked  depletion 
occurs  in  the  epinephrin  content  of  their  adrenal  glands.  Evidently,  therefore, 
excitement  is  not  the  cause  of  epinephrin  depletion  following  morphine  ad- 
ministration. 

/3-tetrahydronaphthylamine  administered  to  cats  has  been  shown  by  El- 
liott to  cause  a  marked  depletion  of  the  epinephrin  store  in  one  gland,  the  nerve 
supply  of  which  is  intact  as  compared  to  its  fellow,  the  nerve  supply  to  which 
has  been  previously  cut.  This  effect  he  believed  to  be  due  to  the  emotional 
excitement  which  seems  to  accompany  the  injection  of  this  drug  in  the  cat. 
Stewart  and  Rogoft"  were  able  to  confirm  Elliott's  experimental  observation,  but 
failed  to  obtain  similar  results  with  the  rabbit,  which  apparently  reacts  to  the 
drug  as  does  the  cat.  In  the  case  of  the  rabbit,  both  glands ;  i.e.,  the  denervated 
and  the  normal  gland,  suffered  some  depletion  of  their  epinephrin  store.  Evi- 
dently the  action  of  ;S-tetrahydronaphthylamine  on  the  adrenals  in  the  rabbit 
differs  from  its  action  in  the  cat. 

Another  very  important  observation  which  these  authors  make  concerns 
the  reactions  which  occur  in  the  denervated  iris  of  the  cat  under  conditions 
which  have  been  thought  to  produce  a  hyperepinephrinemia.  The  denervated 
iris  responds  with  dilation  to  very  small  doses  of  epinephrin,  and  this  reaction 
has  been  used  as  a  delicate  test  for  epinephrin  in  the  blood.  Stewart  and  Rogoff 
were  not  able  to  demonstrate  anv  difference  in  the  character  of  the  reactions 
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of  the  denervated  iris  elicited  under  conditions  supposed  to  produce  an  outpour- 
ing of  epinephrin  in  cats  either  normal  or  in  which  one  adrenal  had  been  re- 
moved and  the  nerve  supply  of  the  other  gland  destroyed  some  days  previous  to 
the  experiment.  By  doing  the  experiment  this  way  the  otherwise  fatal  issue 
of  double  adrenalectomy  is  avoided. 

Marked  depletion  of  the  epinephrin  store  of  the  innervated  glands  as  com- 
pared wnth  the  denervated  gland  was  observed  in  animals  dead  or  dying  from 
infections  of  various  kinds.  Stimulation  of  the  splanchnics,  a  condition  known 
to  produce  a  hyperepinephrinemia,  does  not  deplete  the  store  of  epinephrin  in 
the  gland  except  after  very  prolonged  stimulation.  Evidently  splanchnic  stimu- 
lation not  only  affects  the  discharge  of  adrenalin  into  the  blood  but  also  in- 
creases the  rate  of  epinephrin  formation. 

We  must  conclude  from  this  work  that  there  is  a  dift'erence  in  the  type  of 
response  of  the  adrenals  to  conditions  which  deplete  the  store  of  epinephrin  m 
the  gland,  and  to  those  conditions  which  are  supposed  to  be  accompanied  by  an 
increased  out-pouring  of  epinephrin  into  the  blood.  There  is  evidently  one 
mechanism  which  controls  the  formation  of  epinephrin  in  the  adrenals  and  an- 
other mechanism  which  conditions   its  secretion  into  the  blood. 

—R.    G.   P. 


Epilepsy. 

A  RECENT  series  of  communications  in  current  medical  journals  is  concerned 
with  the  bacteriology  of  epilepsy,  a  subject  first  brought  to  attention  by 
Bra  in  1902,  revived  by  Reed  in  1914,  and  enlarged  upon  by  the  latter  author  in 
1915  and  1916. 

Reed  has  built  his  conceptions  of  the  etiology  of  epilepsy  upon  the  fact  that 
constipation  and  epilepsy  are  associated  in  a  large  number  of  cases ;  and  upon 
the  theory  that  the  constipation  is  the  result  of  greater  or  less  atony  of  the 
intestinal  walls,  especially  those  of  the  large  intestine,  or  upon  interference  with 
the  movements  of  the  intestine  because  of  abnormalities  of  positon,  or  both.  Evi- 
dently his  whole  point  of  view  has  been  largely  influenced  l)y  the  opinions  of 
Arbuthnot  Lane.  Once  stasis  has  been  produced,  Reed  believes  that  the  body 
(the  blood  stream)  is  invaded  by  bacteria  from  the  intestinal  tract  and  these 
bacteria  produce,  by  means  of  toxins,  or  by  their  presence  in  the  central  nerv- 
ous system,  the  series  of  symptoms  which  we  call  idiopathic  epilepsy.  In  proof 
of  this  theory  of  infection,  he^  and  his  assistant.  Dr.  Hyatt,  report  the  very  con- 
sistent finding  of  a  peculiar  organism  in  blood  cultures  which  they  say  is  identi- 
cal with  that  originally  cultivated  by  Bra,  and  which,  from  descriptions,  is  not 
clearly  different  from  Bacillus  subtilis.  With  pure  cultures  of  this  organism 
they  arc  alilc  to  produce  convulsive  conditions  in  ra])l)its  by  introducing  it  into 
the  ear  veins. 

Since  Reed's  reports,  Wherry  and  Oliver,-  Caro  and  Thorn,''  and  Terhune,* 
have  reported  investigations  aimed  to  discover  more  of  the  facts  regarding  the 
events  associated  with  epilepsy. 
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The  report  of  \Mierry  and  Oliver  is,  as  they  acknowledge,  a  limited  one. 
Nevertheless,  working  with  Dr.  Hyatt,  they  were  unable,  using  the  most  modern 
methods,  to  discover  any  evidence  of  blood  infection  in  four  of  Reed's  cases.  In 
a  fifth  case,  one  culture  tube,  in  a  series  of  ten,  showed  a  growth  which  Reed 
reported  contained  B.  epilepticus. 

Caro  and  Thorn  reported  their  work  with  seventy  cases  from  which  160 
cultures  were  made  with  completely  negative  results  except  in  four  instances  in 
which  contaminations  appeared.  The  contaminating  organisms  did  not  corre- 
spond with  B.  epilepticus.  Moreover,  Caro  and  Thom  report  that  in  17  necropsies 
on  epileptics,  Canavan  was  unable  to  find  any  organism  resembling  B.  epilepticus. 

Terhune,  on  the  other  hand,  reported  that  in  his  series  of  blood  cultures 
from  24  cases  of  epilepsy  he  was  able  to  isolate  a  bacillus,  identical  with  Reed's, 
in  75  per  cent  of  his  cases.  With  this  organism  he  was  not  able  to  cause  con- 
vulsions in  rabbits  but  was  able  to  do  so  in  cats. 

Reed,'^  in  a  recent  polemic,  comments  upon  the  work  of  those  who  have  not 
been  able  to  confirm  his  results,  especially  in  the  case  of  Wherry  and  Oliver, 
and  says  that  "the  assumption  or  inference  that  the  organism  does  not  exist  is 
hardly  tenable."  No  writer  with  whose  work  the  reviewer  is  acquainted  has  said 
that  the  organism  does  not  exist — they  say  they  could  not  find  it,  when  they 
didn't  find  it.  Reed  mentions  confirmations  of  his  work  by  various  men  at  various 
points,  but  in  no  case  are  the  details  of  their  work  known.  As  a  matter  of  fact, 
the  work  that  has  been  published  on  this  subject  from  well  organized  laboratories 
in  charge  of  well  known  workers  concerning  whose  methods  there  can  be  no 
suspicion,  is  consistently  negative. 

This  does  not  mean  that  the  facts  of  Reed,  Hyatt  and  Terhune  are  not  true, 
but  the  fact  that  discrepancies  are  present  makes  it  obvious  that  more  systematic 
work  should  be  done,  preferably  in  large  institutions  supplied  with  every  facility, 
and  by  thoroughly  trained  workers. 

It  is  to  be  hoped  that  if  the  finally  accumulated  evidence  is  positive,  the 
laboratory  workers  will  not  complain  that  the  facts  have  been  "beclouded  by  a 
policy  of  concerted  and  cumulative"  affirmation. 
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The  Factors   Which  Determine  the  Adequacy  of  a  Vegetable  Diet 

THE  factors  which  determine  the  adequacy  of  a  vegetable  diet  are  of  great 
interest  especially  now  when  we  are  hearing  much  of  meatless,  egglesS; 
milkless,  and  butterless  days.  Moreover  they  are  of  vital  concern  to  the  medi- 
cal man  in  the  consideration  of  the  so-called  deficiency  diseases.  The  vege- 
tarian who  religiously  refuses  all  meat,  eggs,  milk,  butter,  etc.,  imposes  upon 
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himself  tlie  necessity  of  wisely  choosing  from  the  staple  vegetables  a  diet 
adequate  to  support  growth  and  to  maintain  health.  There  can  be  no  doubt 
that  vegetable  foods  contain  the  factors  essential  for  complete  nutrition.  The 
grazing  animals  grow  entirely  from  food  of  plant  origin.  Nevertheless  the 
vegetable  foods  ordinarily  consumed  by  human  beings  lack  several  dietary  factors, 
or  contain  them  in  inadequate  amounts.  It  is.  therefore,  necessary  to  have  some 
technical  knowledge  of  food  values  if  one  wishes  to  choose  a  balanced  vegetable 
diet.  There  is  an  accumulation  of  evidence  to  show  that  the  seeds  of  any 
one  of  the  common  food  plants  do  not  maintain  growth  or  support  well-be- 
ing when  fed  even  in  large  variety.  On  the  other  hand  by  choosing  proper 
proportions  of  a  limited  number  of  these  seeds  practically  complete  develop- 
ment may  be  obtained  in  the  experimental  animal.  This  observation  shows  that 
instinct,  when  the  diet  is  confined  only  to  the  seeds  of  the  common  vegetable 
foods,  is  not  a  safe  guide  to  complete  nutrition. 

McCollum  and  Davis^  working  with  purified  food  substances  found  that 
besides  protein,  carbohydrates,  fats  and  inorganic  salts,  two  other  substances 
were  necessary.  For  these  compounds  they  propose  the  terms,  "Fat  soluble 
A.,"  and  "Water  Soluble  B."  The  former  they  find  in  great  abundance  in  butter 
fat,  and  yolk  of  egg,  and  in  fair  amounts  in  meats  and  the  leaves  of  forage 
plants.  It  is  also  present,  although  in  inadequate  amount,  in  many  cereal  seeds, 
corn  apparently  possessing  a  fair  amount.  The  \\'ater  Soluble  B.  is  present 
in  many  plants  and  is  especially  plentiful  in  the  wheat  embryo.  McCollum  and 
Davis  believe  that  these  factors  are  the  same  compounds  which  Funk  has 
termed  "Vitamins"  and  which  this  author  believes  include  several  dietary 
constituents  of  unknown  chemical  composition.  They  believe,  however,  that 
it  is  unnecessar)^  to  assume  as  Funk  does  the  existence  of  more  than  the  two 
factors  above  mentioned  and  are  convinced  that  all  the  pathological  phenomena 
can  be  accounted  for  by  maladjustments  relating  to  the  following  factors: — 
poor  quality  and  inadequate  quantity  of  the  protein  content;  shortage  of  the 
substances  A  or  B.  or  both  of  them ;  or  the  presence  of  some  toxic  substances 
in  the  natural  food  stuffs  of  inorganic  or  organic  nature;  or  lack  of  inorganic 
salt. 

McCollum,  Simmons,  and  Pitz-  in  a  recent  article  present  data  which  they 
believe  will  at  least  serve  to  orient  investigations  on  the  question  of  nutrition 
by  natural  foodstuffs.  They  have  tested  fully  three  natural  foodstuti's;  viz., 
wheat,  wheat  embryo,  and  rice,  u])()n  a  working  hyiiolhesis  which  postulates 
the  need  of  but  two  chemically  unidentified  factors;  i.  e.,  A.  and  !*>.  above 
described,  in  addition  to  the  well-recognized  constituents,  ])roteins,  carl)oliy- 
dralc>,  and  inorganic  salts.  The  results  in  the  case  nf  wheat  are  l)rietly  shown 
in  the  following  table;  they  oifer  an  interpretation  of  the  wa}s  in  winch  a  food 
stuff  may  give  rise  to  metabolic  disturbance.  The  experiments  were  conducteil 
upon  different  groups  of  young  rats.  lUilter  fat  was  fed  to  furnish  the  I'at 
Soluble  A.  substance.  The  embryo  of  the  wheal  contains  sullicirnt  W  ;iler 
Soluljle  B.  substance.     The  protein  was  ])ure  casein. 

'Jour.    I'.iol,    Cluiii..    1916,    XNiii,    2.^1. 
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RATION. 

RESULTS. 

1. 

Wheat  kerne 

Fails  to  support  growth 

2. 

"           " 

+  salts 

"       "         "               " 

3. 

+     "       +  protein 

"       "         "               "         to  maturity 

4. 

+  butter  fat 

"       "         "               " 

5. 

+      "        "       +  salts 

Animals   inactive,  growth   deficient 

6. 

+      "        "      +  protein 

Fails  to  support  growth 

7. 

+  protein 

"       "         "               " 

8. 

+        "        +  butter  fat 

+ 

salts 

Supports  growth  and  maintains  well  being. 

The  above  results  give  a  complete  picture  of  the  dietary  deficiencies  of 
the  wheat  kernel.  Its  proteins  are  of  poor  quality,  it  lacks  the  Fat  Soluble  A. 
substance,  and  has  a  deficient  salt  content. 

Wheat  germ  was  found  to  contain  proteins  of  good  quality,  but  to  be  de- 
ficient in  salts  and  the  Fat  Soluble  A.  substance.  Besides  it  was  found  to  con- 
tain an  oil  which  has  a  depressing  effect  upon  the  health  and  growth.  The 
dietary  deficiencies  of  polished  rice  were  studied  systematically  as  in  the  case 
of  the  wheat  kernel.  Rice  was  found  to  be  lacking  in  proteins,  inorganic  salts, 
and  in  both  the  unknown  chemical  substances,  A.  and  B.  The  existing  data 
together  with  some  experiments  on  the  dietary  factors  present  in  corn, 
led  these  writers  to  conclude  that  the  corn  kernel  contains  proteins  of  poor 
quality,  less  than  the  required  amount  of  the  Fat  Soluble  A.  substance,  and  an 
inadequate  salt  content.  It  contains  a  liberal  supply  of  the  Water  Soluble  B. 
substance. 

From  these  experiments  it  is  evident  that  the  lack  of  a  single  factor  will 
bring  an  animal  into  a  pathological  condition ;  or  a  toxic  substance,  such  as 
that  found  in  wheat  embryo,  will  cause  nutritive  failure.  The  authors  point 
out  the  fallacy  of  the  assumption  that  the  safest  plan  to  assure  perfect  nutrition 
is  to  include  a  wide  variety  of  foods  in  the  selection  of  the  constituents  of  the 
diet.  Variety  may  make  for  safety,  but  the  optimum  result  will  not  be  ob- 
tained in  a  considerable  number  of  cases.  A  knowledge  of  the  specific  prop- 
erties of  our  natural  food  stuffs  and  their  supplementary  relations  to  each  other 
will  perhaps  enable  one  eventually  to  compound  simple  and  adequate  diets  of 
purely  vegetable  origin. 

—R.  G.  P. 


Carriers  and  Gall- Bladder  Infections 

TN  the  group  of  diseases  comprised  of  typhoid,  cholera,  and  bacillary  dys- 
A  entery,  one  of  the  most  important  problems  of  preventive  medicine  seems  to 
be  the  prevention  and  cure  of  gall-bladder  and  gall-passage  infections.  The 
prominence  and  importance  of  such  infections  in  typhoid  has  been  known  for 
a  long  time;  in  the  other  instances  it  is  less  appreciated.  Nevertheless  several 
writers  who  have  studied  cases  of  semicbronic  intestinal  carriers  have  shown 
that  the  carrier  aspect  was  due  to  infection  of  the  gall-bladder.  In  a  few 
cases  of  bacillary  dysentery  the  infecting  organism  has  been  recovered  from  the 
bile. 
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This  subject  of  gall-bladder  infection  has  been  approached  by  Nichols* 
from  the  experimental  point  of  view.  The  experimental  animal  was  the  rab- 
bit which  was  used  because  ''in  some  respects,  at  least,  the  lesion  in  the  rab- 
bit is  a  counterpart  of  that  in  man,  and  it  seems  probable  that,  in  working  out 
means  of  preventing  and  curing  carriers,  the  experimental  lesion  in  the  rabbit 
will  be  an  important  factor."  Nichols'  report  deals  with  the  mechanism  of 
gall-bladder    infections. 

Nichols  calls  attention  to  the  fact  that  in  typhoid  a  gall-bladder  lesion 
might  be  due  to  descending  infection  of  the  bile  from  the  liver,  to  an  ascend- 
ing infection  from  the  intestine,  or  to  a  transverse  infection  through  the  gall- 
bladder wall  by  way  of  the  blood  vessels.  Previous  to  the  time  of  Koch,  the 
descending  pathway  was  the  generally  accepted  one,  but  since  1908  the  trans- 
verse pathway  has  been  that  of  choice.  That  ascending  infection  is  not  a 
common  affair  may  be  realized  from  the  infrequency  of  colon  infections  of  the 
gall-bladder.  The  same  questions  regarding  the  route  of  the  infection  arise 
in  connection  with  cholera  and  dysentery. 

As  a  result  of  his  carefully  planned  experiments,  Nichols  arrives  at  the 
following  conclusions :  The  theory  of  the  production  of  gall-bladder  lesions 
in  typhoid  by  descending  infection  of  the  bile  from  the  liver,  receives  support. 
More  bacilli  appear  in  the  bile  with  increased  doses  and  more  gall-bladder  in- 
fections are  obtained  by  increased  doses.  More  bacilli  appear  in  the  bile  after 
mesenteric  vein  injection  than  after  ear  vein  injection  and  more  lesions  result 
under  the  first  condition.  More  bacilli  appear  in  the  bile  after  injection  of  the 
same  dose  in  immunized  animals  than  in  normal  animals  and  more  lesions 
also  result  in  immunized  animals. 

In  cholera  and  dystentery  the  same  mechanism  is  suggested  with  the  addi- 
tional factor  of  a  portal  system  septicemia. 

After  the  appearance  of  microorganisms  in  rabbit  bile,  their  fate  is  ap- 
parently largely  determined  by  the  antiseptic  properties  of  the  bile.  The  anti- 
septic action  is  largely  due  to  alkalinity.  It  is  apparently  possible  to  protect 
the  rabbit  to  some  degree  against  gall-bladder  infections  by  a  previous  injec- 
tion of  sodium  bicarbonate,  and  therefore  alkali  therapy  is  suggested  in  the 
prevention  and  cure  of  gall-bladder  carriers. 

—P.  G.  IV. 


Ritual  Murder 


T^  HERE  is  a  superstition  prevalent  among  the  more  ignorant  Christians  of 
A  vSoutheastern  Europe  and  Asia  Minor  that  the  Jews  offer  human  sacrifices, 
and  that  they  prefer  young  Christians,  especially  girls,  for  their  victims.  This 
superstition  has  a  strong  hold  in  certain  localities,  and  is  today  a  fixed  belief 
held  by  many  v^yrian  Christians,  especially  those  living  in  Damascus.  They 
bring  this  belief  with  them  to  this  country,  but,  so  far  as  we  know,  it  has  not 
led  to  any  medico-legal  investigation  here.  However,  in  Hungary  and  Bo- 
hemia it  has  led  to  criminal  charges.     One  of  the  most  celebrated  cases  of  this 

"Nichols:     Jour.    Exper.    Med.,    1916,    xxiv,    497. 
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kind  is  that  known  as  the  criminal  process  of  Tisza-Eslar,  which  is  a  small  com- 
munity in  Northeastern  Hungary.  On  April  1,  1882,  a  servant  girl,  aged  14 
years,  3  months  and  23  days,  was  sent  to  the  village  to  buy  some  colored  yarns. 
It  was  found  on  inquiry  that  she  made  the  purchase  but  did  not  return  home. 
Indeed,  she  disappeared  and  the  closest  search  failed  to  reveal  any  trace  of  her. 
On  the  day  of  her  disappearance  the  Jews  of  the  neighborhood  held  a  religious 
ceremony  at  their  temple  in  the  village.  The  ignorant  Christians  began  to 
suspect  that  the  Jews  had  used  the  girl  in  their  sacrificial  rites,  and  about  the 
end  of  April  a  little  boy,  aged  4  years  and  9  months,  a  son  of  an  attendant  at 
the  temple,  reported  that  he  had  seen  his  people,  the  Jews,  sacrifice  the  girl. 
At  one  time  he  said  that  she  was  bled  from  the  thigh  and  another  time  that  her 
throat  w^as  cut.  The  temple  attendant  and  three  other  Jews  were  arrested  and 
charged  with  the  crime.  Another  son  of  the  attendant.  13  years  old,  was  ques- 
tioned and  at  first  denied  any  knowledge  of  the  girl,  but  later  he  told  that  he 
had  helped  murder  her.  On  the  18th  of  the  following  June  a  female  body  was 
found  in  the  river  below  the  village.  She  had  on  the  clothes  of  the  lost  maid, 
and  even  carried  on  her  arm  a  little  bag  containing  the  colored  yarns  which 
the  girl  had  purchased  the  day  of  her  disappearance,  but  the  relatives  and 
friends  of  the  girl  said  that  the  body  found  in  the  river  was  not  that  of  the 
lost  girl.  The  head  of  the  corpse  found  in  the  water  was  bald,  and  it  was 
claimed  that  it  had  been  shaven.  The  lost  girl  had  done  hard  manual  labor, 
and  her  hands  were  coarse,  the  skin  thickened  and  callous,  and  the  nails  un- 
kempt. The  water  corpse  had  beautiful  white  hands  with  tapering  fingers  and 
delicate  nails.  The  local  experts  pronounced  the  corpse  as  that  of  a  woman 
not  less  than  18.  and  most  probably  20.  It  was  claimed  that  the  Jews  had  mur- 
dered the  girl  and  had  now  gotten  another  body,  probably  by  a  second  murder, 
had  clothed  this  with  the  garments  of  the  lost  girl,  and  had  thrown  it  into  the 
river  to  lead  the  people  to  believe  that  the  girl  had  been  drowned.  The  local 
experts  claimed  that  the  body  found  had  been  in  the  water  but  a  few  days.  At 
last  some  intelligent  men  were  brought  from  the  University  of  Koloszvar  and 
others  were  called  from  Vienna  and  Budapest,  and  it  was  shown  that  the  body 
was  that  of  the  lost  girl,  that  it  had  been  in  the  water  so  long  that  it  had  been 
partly  changed  into  adipocere,  and  that  the  beautiful  hands  and  tapering  fingers 
were  due  to  the  fact  that  the  epidermis  had  been  removed  by  maceration,  and 
that  the  scalp  had  been  deprived  of  its  adornment  by  the  same  process.  It 
should  be  stated  that  the  final  examination  was  made  in  December,  1882,  the 
body  having  been  buried  in  dry  sand  from  the  previous  June,  when  it  Avas  found 
in  the  water.  y    (j    J7, 


Vitamins,  Diet,  and  Beriberi 

BY  the  term  "Vitamin"  we  have  come  to  mean  a  chemical  substance  which  is 
a  constituent  of  certain  foods,  which  in  almost  infinitesimal  amounts  has  a 
beneficial  influence  upon  the  course  of  certain  diseases,  and  which  is  an  es- 
sential constituent  of  a  normal  diet.  When  such  a  substance,  or  substances,  are 
eliminated   from   a   diet,    disease   occurs.      When    it   is   added   to   an   otherwise 
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vitamin-free  diet  the  disease  does  not  appear.  When  it  is  used  therapeu- 
tically, the  disease  improves  and  health  returns.  The  vitamins  have  been 
studied  exhaustively  especially  by  Funk  and  others,  particularly  in  connection 
with  the  disease  beriberi.  It  is  with  reference  to  this  disease  and  its  relations 
to  vitamins  that  Vedder  has  contributed  a  recent  interesting  discussion.* 

From  the  time  when  Eijkman  discovered  that  fowls  develop  a  condition 
very  closely  resembling  beriberi  (polyneuritis  gallinarum )  if  they  are  fed  upon 
an  exclusive  diet  of  polished  rice,  interest  in  the  so-called  deficiency  diseases 
has  increased,  and  much  energ}^  has  been  expended  upon  experimental  work 
designed  to  determine  the  means  by  which  the  pathologic  effects  are  produced 
It  became  plain,  that  many,  at  least,  of  the  cases  of  beriberi  studied  were  as- 
sociated with  the  use  of  polished  rice ;  i.e.,  grain  which  had  been  milled  to  the 
point  where  the  whole  pericarp  had  been  lost,  and  only  the  polished  carbohy- 
drate kernel  remained.  It  was  later  shown  that  persons  might  be  fed  upon 
polished  rice  with  no  evil  effects  provided  a  quantity  of  the  husks  removed 
by  polishing  were  added  to  the  ration,  and  also  that  unpolished  rice  did  not 
conduce  to  disease.  Still  later,  Fraser  and  Stanton  showed  that  a  protective 
substance  might  be  prepared  in  solution  from  rice  polishings  by  treating  them 
with  0.3  per  cent  hydrochloric  acid  solution,  and  later  Chamberlain  and  Vedder 
showed  that  the  active  substance  was  soluble  in  water  and  alcohol,  but  that  it 
was  insoluble  in  ether,  that  it  was  dialyzable,  and  that  extracts  of  polishings  con- 
taining only  the  water  and  alcohol  soluble  substances  would  cure  infantile  beri- 
beri with  marvelous  rapidity.  Then  Funk  obtained  from  rice  polishings  a  crys- 
taline  base  which  would  promptly  cure  fowls  suffering  from  polyneuritis.  It  was 
for  this  substance  that  Funk  coined  the  name  Vitamin.  Other  workers  studying 
this  and  allied  substances  of  other  origins,  obtained  materials  which  were  different 
in  composition  from  Funk's,  but  which  were  similar  in  pharmacologic  action — 
hence  the  term,  P^itamins.  It  then  appeared  that  a  pure  crystalline  z'itaiiiiii 
had  not  been  produced.  Williams  next  attacked  the  subject  from  the  synthetic 
standpoint  and  prepared  substances  which  had  decided  antineuritic  qualities. 

It  is  obvious  from  the  whole  mass  of  evidence  up  to  the  present  time,  that 
these  vitamins,  whatever  they  may  prove  to  be,  are  important  factors  in  diets, 
which  are  essential  in  preserving  the  health  of  the  individuals.  Their  altsence 
is  responsible  for  such  deficiency  diseases  as  beriberi,  scurvy,  and  possibly 
pellagra. 

Vedder  says  that  the  deficiency  in  the  dietary  that  causes  beriberi  is  not 
by  any  means  limited  to  rice,  for  it  has  been  shown  repeatedly  that  too  ex- 
clusive diets  of  ordinary  white  flour,  canned  goods  which  have  been  sterilized, 
and  most  carbohydrate  foods,  will  ])roduce  polyneuritis  in  fowls,  and  beriberi 
in  man.  Rice,  so  far  as  is  known,  has  not  been  shown  to  produce  scur\y  in 
man  or  animals,  but  with  this  exception  practically  all  the  "beriberi  foods"  lia\o 
been  associated  with  scurvy.  Also  it  is  noteworthy  that  where  pellagra  is 
prevalent  in  the  United  States,  the  sufferers  from  that  disease  are  living  very 
largely  on  articles  that  have  been  denionsiraled  lo  iHoduce  beriberi  or  scur\y, 
or  both.  j>    (;    II - 

•Vedfler:     Jour.    Am.    Med.    Assn..    19ir,,    Ixvi,    1-494. 


286  THE    JOURNAL    OF    LABORATORY    AND   CLINICAL    MEDICINE 

Medico-Legal  Investigation  of  the  Causes  of  Death 

THE  writer  has  had  an  experience  of  many  years  as  an  expert  in  murder 
cases.  This  experience  leads  to  the  following  statements,  which  may  be 
of  interest  to  physicians  called  upon  to  investigate  the  cause  of  death  in  sus- 
pected homicide. 

Our  criminal  law  fails  to  give  directions  concerning  many  points,  and  cus- 
tom has  apparently  established  no  definite  and  satisfactory  rules  covering  these 
matters.  In  my  experience  it  has  freciuently  happened  that  the  initiative  has  been 
taken  by  friends  or  relatives  of  the  deceased,  sometimes  by  those  financially  in- 
terested, such  as  claimants  to  inheritance  and  insurance  companies  with  which 
the  deceased  carried  insurance ;  and  in  at  least  one  celebrated  case  the  initiative 
was  due  to  the  efforts  of  the  man  who  finally  was  tried  and  convicted  of  the 
murder.  It  has  not  infrequently  happened  that  officials  permit  some  interested 
party  to  have  full  charge  of  the  investigation  of  the  cause  of  death,  or  to  "work 
up  the  case."  In  most  instances  this  has  been  due  to  the  fact  that  the  official, 
thinking  that  the  suspicions  were  not  well  supported,  has  been  unwilling  to  bur- 
den the  county  with  the  necessary  expense,  and  has  been  ready  to  turn  over  the 
matter  to  anyone  who  would  assume  the  financial  responsibility  of  carrying  out 
the  investigation.  In  this  way,  it  has  happened  that  the  obduction  of  the  body 
and  the  toxicological  examination  have  been  wholly  under  the  control  of  in- 
terested parties.  While  custom  apparently  permits  this,  it  cannot  be  denied  that 
sucli  a  procedure  may  subsequently  give  rise  to  much  embarrassment  in  the  prose- 
cution of  the  case,  and  it  certainly  would  be  better  for  the  proper  officials  tu 
keep  the  investigations  as  to  the  causes  of  death  under  their  own  direction  and 
to  forbid  participation  in  these  investigations  by  all  interested  parties. 

A  few  illustrations  along  the  lines  mentioned  above  may  not  be  devoid  of 
interest.  In  one  instance,  the  behavior  of  the  man  whose  wife  had  recently 
died  gave  occasion  for  much  talk  in  the  community,  and  the  husband  went  to  the 
prosecutor  and  asked  that  he  be  permitted  to  exhume  his  wife's  body  and  have 
certain  organs  submitted  to  a  toxicologist  in  order  that  he  might  be  in  a  posi- 
tion to  vindicate  himself.  This  permission  was  granted.  The  husband,  a  phy- 
sician, practically  had  charge  of  the  investigation,  and  after  the  body  had  been 
exhumed  and  the  stomach  removed,  he  and  an  undersherifl;  took  this  organ  to  a 
toxicologist.  The  husband  expressed  some  doubt  as  to  which  of  two  chemists 
he  preferred  and  the  stomach  was  left  with  one  chemist  with  the  request  that 
nothing  was  to  be  done  with  it  until  further  orders.  A  week  later  this  chemist 
received  a  Vv'ritten  order  from  the  husband  to  deliver  the  stomach  to  the  under- 
sheriff  who  came  alone  this  time.  On  the  same  day  a  stomach  was  placed  in 
the  hands  of  the  second  chemist,  who  examined  it  and  reported  it  free  from 
poison.  However,  it  soon  developed  that  the  husband  had  obtained  a  stomach 
from  the  city  physician  of  the  place  in  which  the  second  chemist  resided.  At  this 
point  the  prosecutor  saw  that  he  must  take  the  matter  in  hand  himself.  With 
a  physician  he  went  to  the  cemetery  where  the  woman's  body  had  been  buried. 
Upon  opening  the  grave  the  coffin  was  found  to  be  empty.  The  body  had  dis- 
appeared. Search  over  the  neighborhood  failed  to  reveal  any  trace  of  it.  With 
matters  in  this  condition  the  husband  was  tried  for  the  murder  of  his  wife.     A 
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shrewd  lawyer,  who  defended  hhii,  decHned  to  make  any  defense.  He  claimed 
that  the  prosecution  had  failed  utterly.  The  only  analysis  which  had  been  made 
had  shown  the  entire  absence  of  any  poison.  There  was,  therefore,  the  lawyer 
claimed,  no  evidence  against  his  client.  The  judge  permitted  the  jury  to  decide 
the  case  and  the  result  was  a  split  jur}^  Nearly  a  year  later  the  body  of  the 
dead  woman  was  found  crowded  into  a  barrel  and  hidden  under  a  strawstack. 
The  prosecutor  was  notified,  but  was  never  able  to  show  who  disposed  of  the 
body  in  this  manner.  The  liver  and  other  organs  of  the  dead  woman  were  ex- 
amined by  a  third  chemist  and  found  to  contain  traces  of  arsenic.  A  second 
trial  resulted  in  the  conviction  of  the  husband.  Owing  to  certain  technical  er- 
rors, the  Supreme  Court  ordered  a  new  trial.  This  trial  resulted  in  a  split  jury, 
and  the  husband  who  had  stood  three  trials  soon  became  insane  and  died  in  an 
asylum.  It  is  not  within  my  province  to  express  an  opinion  concerning  the  guilt 
or  innocence  of  the  accused  husband.  One  thing  is  quite  certain,  he  was  insane 
before  he  was  tried  at  all.  Whether  he  was  insane  or  not  at  the  time  of  his 
wife's  death  I  cannot  say.  Through  the  bungling  of  the  officials  the  county  was 
saddled  with  the  expense  of  three  trials  and  the  final  result  was  no  decision  as 
to  the  man's  guilt  or  innocence. 

In  the  second  case  the  prosecutor  and  a  young  physician,  neither  of  whom 
knew  anything  about  the  proper  procedure  in  such  a  case,  resurrected  the  body 
from  a  country  burial  ground,  took  it  to  a  shed  nearby  the  village,  and  there, 
surrounded  by  men.  women  and  children  from  the  village,  made  the  obduction. 
These  officials  had  failed  to  provide  themselves  with  receptacles  for  the  tissues 
to  be  taken  and  examined,  and  the  prosecutor  asked  one  of  the  inhabitants  of  the 
village  who  kept  a  grocery  store  to  bring  from  his  store  some  fruit  jars.  The 
tissues  selected  for  examination  were  put  in  these  jars  without  having  been  even 
cleansed  or  even  thoroughly  inspected  by  the  prosecutor  or  the  physician  making 
the  obduction.  Arsenic  was  found  in  large  amount.  \\'hen  the  case  came  to 
trial  it  was  easy  enough  to  show  that  the  grocer  who  furnished  the  jars  had 
not  at  all  times  been  on  friendly  relations  with  the  accused,  and  the  suspicion  that 
the  grocer  might  have  placed  arsenic  in  the  jars  was  brought  into  the  case. 

In  the  third  case  the  body  of  the  woman  was  found  in  the  water.  Her  life 
was  insured  and  the  insurance  company  offered  to  relieve  the  county  of  any 
trouble  or  expense  that  might  be  involved  in  the  investigation.  The  whole  mat- 
ter was  turned  over  to  the  insurance  company.  Its  agents  made  the  obduction  and 
its  toxicologist  made  the  chemical  examination.  The  chemist  reported  the  finding 
of  morphine  in  the  stomach.  When  the  case  came  to  trial  the  question  really 
was  not  whether  the  accused  killed  his  wife  or  not,  but  whether  he  killed  her  by 
the  administration  of  morphine.  Everything  hinged  upon  the  reliability  and 
certainty  of  the  tests  employed  by  the  chemist.  This  case  resulted  in  a  split  jury 
and  the  accuscfl  husband  was  never  tried  again. 

In  still  another  case  only  the  stomach  was  removed  for  examination.  Some 
two  years  elapsed  between  the  death  and  the  trial.  On  the  trial,  o\idcnce  was 
introduced  tending  to  show  that  the  vomiting  from  which  the  woman  suffered 
during  the  last  days  of  her  life  was  due  to  an  extrauterine  pregnancy.  Inasmuch 
as  the  pelvic  organs  were  not  examined  at  the  time  of  the  obduction,  this  evidence 
could  not  be  refuted,  and  again  the  case  resulted  in  a  mi'-trial. 
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In  yet  another  case  the  stomach  only  was  examined,  two  chemists  failed  to 
find  any  poison  in  the  stomach.  The  prosecutor  had  a  fixed  idea  that  the  man 
died  from  morphine  poisoning  and  with  the  last  remnant  of  the  stomach  he  went 
to  a  chemist  who  thought  that  he  found  morphine.  The  case  was  tried  and  the 
wife  of  the  dead  man  was  convicted  of  murdering  him.  Later  a  new  trial  was 
ordered,  and  this  time  the  body  was  exhumed  and  careful  and  thorough  obduction 
made,  and  it  was  found  that  the  skull  had  been  fractured  with  an  iron  crow-bar. 
The  wife  had  employed  a  negro  to  strike  down  her  husband  as  he  entered  his 
home  at  night.  Morally  the  woman  was  guilty,  but  the  immediate  cause  of  his 
death  was  someone  else,  and  it  was  not  a  case  of  morphine  poisoning. 

In  the  legal  investigation  of  the  cause  of  death  the  medical  man  should  make 
at  the  time  accurate  notes  of  everything  he  does  and  sees  that  may  have  a  bearing 
upon  the  case.     This  should  be  done  in  the  inspection  of  the  body,  while  making 
the  autopsy,  and  by  the  chemist,  niicroscopist,  or  any  scientific  or  medical  man 
connected  with  the  case.     This  record  is  known  as  the  protocol,  and  this  must  be 
strictly  a  record  of  fact  and  absolutely  without  any  statements  of  opinion.    Indeed, 
it  must  be  free  from  expressions  of  opinion.    After  the  protocol  has  been  finished 
the  man  who  has  made  it  may  draw  his  conclusions  from  it,  and  these  he  may 
commit  to  writing,  but  on  other  sheets  of  paper.     In  my  opinion  both  parties  in 
the  case  should  have  copies  of  the  protocol,  but  conclusions  that  are  drawn  from 
it  are  for  the  prosecutor  alone  as  a  rule,  at  least  until  stated  by  the  witness  on 
the  stand.     For  instance,  in  making  the  obduction  it  would  be  the  duty  of  the 
man  making  the  section  to  note  fractures  of  the  skull,  structural  diseases  of  the 
heart  or,  in  short,  any  abnormality,  but  it  would  be  improper  to  state  in  the  protocol 
that  death  resulted  from  this  or  that  condition.     It  is  proper  for  the  chemist  to 
state  in  his  protocol  that  in  the  contents  of  the  stomach  or  in  so  many  grams  of 
the  liver  he  found  so  much  arsenic,  but  it  would  not  be  proper  to  insert  that  this 
is  enough  to  cause  death.    If  the  mucous  membrane  of  the  stomach  shows  erosions, 
statement  to  this  effect  should  be  made  in  the  protocol,  but  a  statement  of  an 
opinion  as  to  the  cause  of  these  erosions  would  not  be  proper.     In  making  an 
inspection  of  the  dead  body,  which  is  sometimes  technically  called  "view,"  all  the 
surroundings  should  be  observed  and  should  be  noted.    A  photographer  may  very 
properly  be  called  into  service  here,  but  if  so  he  must  photograph  things  as  they 
are  and  no  rearrangement  should  be  permitted.    The  conditions  under  which  bodies 
are  inspected  are  unlimited  in  variety,  and  the  object  should  be  to  get  a  true  picture 
either  in  written  words  or  by  the  camera,  or  by  both  means.     The  environment 
should  be  closely  scrutinized,  footprints,  evidence  of  a  struggle,  the  presence  of  a 
weapon,  the  existence  of  powders  or  liquids  that  may  contain  the  remnants  of 
poison,  and  in  fact  everything  should  be  seen  and  when  seen  their  exact  location 
with  reference  to  the  body  should  be  recorded,  and  in  doing  this  it  is  better  to 
make  exact  measurements  than  to  guess.     If  the  body  be  clothed,  the  color,  tex- 
ture, arrangement,  etc.,  of  the  dress  should  be  recorded.     The  position  of  the 
body  and  its  relation  to  other  things  may  be  matters  of  great  importance.     In 
one  case  in  my  experience  it  was  found  to  be  quite  pertinent  to  determine  whether 
the  victim  had  vomited  before  or  after  he  fell,  and  so  slight  a  thing  as  a  string  of 
mucus  extending  from  the  dead  lips  to  the  vomited  matter  on  the  floor  played 
quite  a  role  in  determining  the  truth  of  the  story  of  the  man  who  first  reported 
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the  murder  and  was  finally  convicted  of  the  crime.  The  position  of  the  hands 
of  the  deceased,  are  they  closed,  do  they  grasp  anything,  do  they  bear  any  marks 
of  a  struggle,  are  there  stains  on  the  face,  hands  or  clothing  of  the  deceased.  All 
this  and  more  must  not  be  overlooked.  Especially  when  the  victim  is  a  woman 
and  attempted  rape  may  have  led  to  the  murder,  the  underclothing  should  be 
carefully  examined  and  seminal  stains  and  bruises  of  the  external  genitals  may  be 
found.  If  there  be  wounds  they  should  be  carefully  examined  and  their  nature 
determined  and  recorded.  The  presence  of  letters  or  papers  about  the  body  or 
in  the  pockets  should  not  be  overlooked,  and  all  such  articles  found  should  be 
turned  over  to  the  representative  of  the  state.  The  question  of  identity  is  seldom 
a  difficult  one,  but  when  not  ascertained  every  mark  that  may  bear  on  identifica- 
tion should  be  observed  and  recorded.  The  height  should  be  accurately  deter- 
mined, the  weight  approximated,  the  color  of  the  hair,  beard  and  eyes  noted.  The 
absence  of  teeth  or  the  presence  of  dental  plates  and  fillings  may  be  of  service. 
When  the  face  is  badly  disfigured  by  wounds  an  intimate  friend  may  fail  to 
identify  a  corpse  either  by  direct  inspection  or  by  means  of  a  photograph.  In 
such  cases,  after  the  face,  has  been  photographed  as  found,  the  wounds  may  be 
stitched  and  the  face  brought  as  nearly  as  possible  to  its  natural  appearance  and 
then  photographed  again.  The  presence  or  absence  of  rigor  mortis,  the  state  of 
preservation  or  anything  else  bearing  upon  the  length  of  time  that  has  elapsed 
since  death  are  to  be  noted.  After  the  body  has  been  closely  inspected  in  the 
exact  position  in  which  it  has  been  found,  it  should  be  stripped  of  clothing  and 
placed  on  a  hard  table  or  board  and  the  entire  surface  including  the  openings 
into  all  cavities  carefully  examined.  All  marks,  scars,  wounds,  and  discolorations 
should  be  carefully  scrutinized  and  proper  notes  made.  Possible  fractures  and 
dislocations  should  not  be  overlooked,  and  any  discolorations  or  excoriations 
about  the  neck  deserve  careful  examination. 

An  obduction  is  an  autopsy  made  for  the  purpose  of  determining  the  cause 
of  death  in  the  case  of  judicial  inquiry.  It  differs  from  an  ordinary  autopsy, 
which  applies  to  section  of  a  body,  known,  or  at  least  supposed  to  have  died 
from  known  causes,  in  its  purpose  and  may  differ  in  the  details  with  which  it 
is  carried  out.  An  autopsy  is  usually  for  the  purpose  of  determining  the  correct- 
ness of  a  diagnosis.  As  a  rule,  it  is  chiefiy  concerned  in  the  examination  of 
certain  organs.  It  is  usually  made  under  the  belief  that  a  certain  condition  will 
be  found.  In  other  words,  an  autopsy  is  made  for  the  purpose  of  confirming 
what  is  already  more  or  less  satisfactorily  known  to  be  the  cause  of  deatli,  or  for 
the  ])urpose  of  adding  to  our  knowledge  concerning  the  path(\gcnic  changes  that 
occur  in  the  disease  that  caused  death.  On  the  other  hand,  an  obduction  is 
performed  upon  a  bodv  the  cause  of  death  of  which  is  as  a  rule  unknown.  More- 
over, and  this  is  of  great  importance,  the  life  of  another  may  be  directly  depend- 
able upon  what  is  ascertained  in  the  oliduction.  At  least  two  medical  men  are 
needed  to  make  an  r)bduction.  F>oth  should  ])c  legally  (lualitied  and  neither  shotdd 
ha\  e  any  jtersonal  interest  in  the  case.  The\-  should  be  authorized  to  do  the 
Work  by  ])roper  legal  authority,  and  under  such  autlioi"i/ation  they  become  lor  the 
time  being  officials  legall\-  (|ualified  for  the  \\i<r\<  in  hand.  It  is  not  my  puipose 
to  give  detailed  direction  for  making  an  obchution.  because'  the  medical  m;in  who 
needs  these  directions  shonlij  not   bi'  trusted   with  a  i)roceduri'  whii-h   is  likel\-  to 
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lead  to  criminal  prosecution.  It  should  be  borne  in  mind  by  every  man  who  is 
called  upon  to  do  this  work  that  his  record  becomes  an  official  document,  that  it 
will  be  criticised  by  men  who  are  fighting  for  the  life  of  a  client,  and  nothing 
short  of  honest,  thoroughly  scientific  procedure  on  his  part  will  stand  the  test. 
It  is  no  uncommon  occurrence  to  see  men  who  have  made  obductions  greatly 
humiliated  in  trials  for  murder,  especially  for  errors  of  omission.  Often  this  is 
due  to  lack  of  experience  in  the  legal  officer  who  orders  a  partial  examination,  or 
orders  one  done  under  conditions  of  time  and  place  that  render  thoroughness 
impossible,  and  the  same  legal  official  when  he  finds  his  case  placed  in  jeopardy 
by  the  incompleteness  of  the  obduction,  is  quite  willing  that  the  medical  man  who 
has  carried  out  his  orders  should  bear  the  blame.  A  medical  man  should  abso- 
lutely refuse  to  make  an  obduction  unless  the  conditions  are  the  best  that  can 
possibly  be  obtained.  However,  the  conditions  are  sometimes  such  that  a  per- 
fectly satisfactory  obduction  cannot  be  made.  The  body  may  not  be  found  until 
decomposition  is  far  advanced,  or  it  may  be  greatly  mutilated,  or  suspicion  of 
homicide  may  not  arise  until  months  and  possibly  years  after  death,  or  the  body 
may  have  been  frozen  or  alternately  frozen  and  thawed  several  times,  or,  and 
this  happens  frequently,  the  obduction  may  not  be  held  until  after  the  undertaker 
has  pumped  the  cavities  and  possibly  the  blood  vessels  as  well,  full  of  some  fluid. 
For  such  conditions  the  legal  official  is  not  responsible  and  the  medical  man  will 
have  to  do,  as  he  is  compelled  to  do  in  many  other  instances,  the  best  he  can  and 
take  whatever  criticism  may  come.  When  possible  the  obduction  should  be  held 
within  forty-eight  hours  after  death.  If  possible  it  should  be  done  by  daylight  and 
in  private.  It  should  be  complete.  The  calvarium  should  be  removed,  the  thoracic 
and  abdominal  cavities  opened  by  an  incision  extending  from  the  chin  to  the 
pubes.  All  the  cavities  should  be  opened  and  the  organs  inspected  in  situ  before 
any  of  them  are  removed.  In  dissecting  the  scalp,  injuries  to  the  skull  should 
be  sought.  After  the  removal  of  the  calvarium  the  meninges  and  then  the  surface 
of  the  brain,  so  far  as  it  can  be  seen,  should  be  examined.  After  all  the  organs 
have  been  examined  in  situ  the  brain  should  be  turned  out  and  every  portion  of  the 
surface  examined  and  then  this  organ  should  be  dissected,  careful  search  for 
hemorrhage  being  made.  The  dissected  brain  should  be  placed  in  a  proper 
receptacle  and  preserved  for  chemical  examination  and  microscopical  study. 
After  the  pleural  and  thoracic  cavities  have  been  examined  and  ligatures  passed 
about  the  larger  vessels,  the  heart  should  be  removed,  the  cavities  opened,  the 
valves  examined  and  the  organ  placed  in  a  proper  receptacle.  If  there  be  any 
suspicion  of  pathological  change  in  the  lung  a  portion  should  be  removed  for 
closer  study  and  microscopical  examination.  The  stomach  with  proper  ligatures 
around  the  esophagus  and  duodenum  should  be  separated,  lifted  out  and  opened 
over  a  clean  receptacle.  After  careful  inspection  of  every  part  of  the  stomach, 
it  and  its  contents  should  be  placed  in  a  jar.  The  small  intestine  should  be 
removed  and  the  whole  length  of  the  intestine  examined  both  outside  and  inside. 
The  small  intestine  should  be  preserved.  The  liver,  kidneys,  pancreas  and  spleen 
should  be  examined  and  portions  of  each  preserved  in  separate  jars.  It  is  best  to 
remove  and  preserve  both  kidneys.  With  females  the  whole  internal  genitalia 
should  be  removed,  examined  and  preserved.  In  no  case  should  two  organs  or 
portions  of  two  be  placed  in  the  same  receptacle. 
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It  should  never  be  forgotten  in  holding  an  obduction  that  the  object  is  not 
only  to  find  the  cause  of  death ;  but  to  exclude  every  other  possible  cause.  Failure 
to  recognize  this  has  led  to  the  miscarriage  of  many  a  case  of  trial  for  homicide. 
The  prosecutor  learns  that  Mr.  Blank  is  suspected  of  having  poisoned  his  wife 
who  died  a  week  ago.  He  investigates  and  finally  orders  the  body  disinterred ; 
the  stomach  only  is  rem.oved  and  sent  to  a  toxicologist.  Arsenic  is  found  and 
Blank  is  arrested  and  months  later  the  trial  is  on.  Now,  the  prosecutor  learns 
that  a  positive  diagnosis  of  arsenic  poisoning  cannot  be  made  from  the  symptoms, 
that  Mrs.  Blank  suft'ered  for  years  from  a  combination  of  uterine  and  kidney 
diseases,  that  frequently  she  suffered  from  profuse  vomiting  followed  by  col- 
lapse and  that  many  times  it  was  thought  that  she  would  die ;  that  her  kidneys 
undoubtedly  were  destroyed  by  disease,  and  that  her  ovaries  had  been  masses 
of  corruption  for  years,  and  the  small  amount  of  arsenic  found  by  the  toxicologist 
w^as  due  to  the  bismuth  subnitrate,  untold  quantities  of  which  this  woman  had 
swallowed.  The  prosecutor,  thoroughly  convinced  of  the  guilt  of  the  accused, 
feels  that  the  case  is  slipping  through  his  hands  because  someone  has  blundered, 
and  wreaks  his  vengeance  on  the  poor  medical  man  who  made  the  obduction 
and  did  not  have  sense  enough  to  look  after  the  kidneys  and  ovaries.  Honest, 
if  not  learned,  experts  testify  that  every  symptom  that  Mrs.  Blank  is  said  to 
have  exhibited  may  have  been  due  to  chronic  ovarian  irritation  combined  with 
Bright's  disease.  A  reasonable  doubt  arises  in  the  mind  of  some  juror  and 
there  is  a  disagreement.  The  trial  has  cost  the  county  thousands  of  dollars 
and  there  is  much  grumbling  among  the  taxpayers.  Possibly  the  prosecutor  is 
encouraged,  persuades  the  board  of  supervisors  to  employ  eminent  legal  help  and 
the  case  is  tried  again,  but  most  likely  the  same  result  follows.  This  is  not  an 
overdrawn  statement,  and  its  actual  occurrence  is  not  infrequent  in  the  annals 
of  criminal  law.  Much  time  and  labor  have  been  lost ;  much  money  has  been 
expended  and  justice  has  wholly  miscarried  simply  because  the  obduction  was 
not   properly   conducted. 

Concerning  the  organs  to  be  submitted  to  the  toxicologist,  there  are  two 
widely  adopted  customs  that  should  be  abolished  because  they  frequently  lead 
to  perplexities  the  solution  of  which  may  be  well  nigh  impossible.  First,  it 
is  generally  assumed  that  in  suspected  poisoning  the  stomach  only,  or  at  most 
the  stomach  and  the  duodenum,  is  needed  by  the  chemist.  The  chemist  needs, 
in  addition  to  the  stomach  and  duodenum,  a  portion  of  the  liver,  one  kidney,  the 
urine  if  there  be  any  in  the  bladder  at  the  time  of  the  obduction,  the  heart  or 
half  of  this  organ  and  a  portion  of  the  brain.  In  exceptional  instances  he  may 
need  portions  of  other  tissues,  but  those  mentioned  above  should  be  furnished 
him  in  every  case.  Each  organ  or  part  should  be  placed  in  a  jar  by  itself.  That 
this  advice  is  important  the  following  statement  of  the  happenings  in  a  case  may 
be  mentioned : 

The  stomach  and  rectum  were  placed  in  one  jar  and  in  these  tissues  together 
the  chemist  found  an  amount  of  arsenic  which  he  estimated  for  the  entire  content 
of  the  jar  to  be  as  much  as  20  grains,  but  he  could  not  say  how  it  should  be 
apportioned  to  the  organs.  All  the  arsenic  might  have  been,  when  the  tissues 
were  removed  from  the  body,  in  the  one  or  in  the  other.  The  defense  claimed 
that  a  large  amount  of  white  arsenic  had  been  suspended  in  water  and  injected 
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into  the  rectum  a  few  hours  after  death.  It  will  be  seen  from  this  that  the 
advice  to  place  each  organ  or  part  in  a  receptacle  of  its  own  is  not  due  to  a 
whim,  but  is  founded  upon  practical  experience. 

The  use  of  some  preservative  for  the  tissue  removed  for  examination  is 
sometimes  necessary.  Fortunately  within  recent  years  formaldehyde  has  become 
the  basis  of  embalming  fluids,  the  best  of  which  consists  of  an  8  to  10  per  cent 
solution  of  this  substance  with  from  2  to  5  per  cent  of  potassium  nitrate.  These 
are  the  essential  ingredients  of  Kaiserling's  solution  and  for  both  the  toxicolo- 
gist  and  the  pathologist  this  can  hardly  be  improved.  When  the  body  has  been 
well  embalmed  with  the  above  mentioned  fluid,  the  addition  of  a  preservative 
to  the  removed  organs  is  not  necessary.  If  too  dry  a  small  quantity  of  embalm- 
ing fluid  may  be  added. 

The  second  mistake,  which  is  well  nigh  universally  practiced  and  which 
should  be  continued  no  longer,  is  founded  upon  the  theory  that  in  cases  of  sus- 
pected poisoning  a  chemical  examination  only  is  desirable.  In  every  case  of 
suspected  poisoning,  portions  of  the  walls  of  the  stomach,  liver,  kidney,  heart 
and  brain,  and  in  the  female,  of  the  ovaries  and  uterus  should  be  properly  hard- 
ened, sectioned,  examined  microscopically  and  preserved  as  exhibits.  The  proper 
carrying  out  of  these  procedures  would  prevent  many  complications  and  posi- 
tively dispose  of  many  doubts  that  arise  in  trials  for  murder  by  the  administration 
of  poison.  As  has  been  stated  a  frequent  defense  in  these  cases  is  that  the 
deceased  came  to  his  death  from  natural  causes  and  this  claim  would  be  easily 
disposed  of  if  microscopical  preparations  from  the  organs  above  mentioned  were 
made.  Moreover,  the  object  of  the  prosecutor  is  not  to  convict ;  it  is  to  see 
that  justice  is  done  and  this  can  be  secured  with  certainty  only  after  a  most 
exhaustive  search  for  the  cause  of  death.  Some  poisons  induce  highly  character- 
istic histological  changes  and  the  finding  of  tliese  would  furnish  valuable  con- 
firmatory evidence  in  case  the  presence  of  the  poison  is  obvious  by  chemical 
tests.  Again,  the  deceased  may  have  had  a  diseased  heart,  liver,  kidney,  or  other 
organ,  and  yet  death  may  have  been  due  to  the  administration  of  poison.  In 
such  instance  it  would  certainly  be  well  for  the  prosecutor  to  know  the  facts. 
Not  only  is  the  histological  examination  of  tissues  neglected  in  cases  of  suspected 
murder  by  the  administration  of  poison,  but  in  many  such  cases  the  gross  examina- 
tion of  all  the  parts  of  the  body  is  neglected.  This  is  a  way  of  opening  up  a 
sure  and  safe  escape  for  the  accused. 

The  expert  in  examining  into  a  gunshot  injury  should  be  alert,  and  carefully 
observe  all  the  surroundings  at  the  place  where  the  wound  was  inflicted.  Photo- 
graphs are  desirable  and  their  veracity  cannot  be  questioned.  The  position  of 
the  body  of  the  wounded  man  at  the  time  he  received  the  shot  should  be  deter- 
mined. His  clothes  should  be  examined  for  holes,  burnt  spots  and  stains.  The 
position  of  the  assailant  may  in  some  cases  be  determined  quite  positively  or 
facts  that  show  that  the  accused's  account  of  the  injury  cannot  possibly  be  true 
may  be  brought  to  light;  or  on  the  other  hand  the  accused's  claim  may  be  sub- 
stantiated. 

There  is  no  law  and  apparently  no  common  custom  governing  the  transfer 
of  portions  of  the  body  or  other  material,  suspected  to  contain  poison  crim- 
inally  introduced,    to   the   toxicologist. 
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A  chemist  who  has  done  much  toxicological  work  could  keep  busy  and  get 
himself  into  all  kinds  of  trouble  if  he  would  listen  to  all  the  requests  made  to 
him.  He  receives  frequent  letters  from  persons  in  many  walks  of  life,  telling 
of  suspicions  of  attempted  poisoning  and  asking  him  to  make  analyses.  A  wife 
suspects  that  her  husband  has  put  some  deadly  drug  in  her  food ;  she  wants 
her  suspicion  kept  profoundly  secret.  She  would  not  hint  it  to  anyone,  but  she 
would  be  under  many  obligations  to  the  chemist  if  he  would  make  an  analysis 
and  set  her  mind  at  rest.  Other  requests  are  more  authoritative :  A  physician 
thinks  someone,  usually  husband  or  wife,  is  administering  poison  to  his  patient 
by  putting  it  in  his  medicine.  There  is  only  one  proper  answer  to  make  to  all 
these  requests  whatever  their  source  and  it  is  this :  "If  you  suspect  that  some- 
one is  using  or  attempting  to  use  poison  in  a  criminal  way,  report  your  suspicion 
to  the  prosecutor  of  your  county  and  deliver  any  suspected  material  you  may 
have  into  his  hands.  I  can  have  nothing  to  do  with  any  suspected  material  unless 
I  receive  it  through  official  channels."  It  is  the  duty  of  the  prosecuting  attorney 
to  inquire  into  the  commission  of  crime  and  the  toxicologist  had  better  leave, 
these  matters  to  the  official. 

Usually  the  material  for  toxicological  examination  placed  in  clean  fruit  jars, 
only  one  organ  or  part  of  organ  in  one  jar,  is  sealed  by  the  official  in  charge 
of  the  case,  prosecutor  or  assistant,  sheriff  or  assistant,  or  by  the  medical  men 
who  have  made  the  autopsy,  and  carried  or  sent  by  express  to  the  toxicologist. 
Any  of  these  methods  of  transmission  seem  to  be  satisfactory  to  the  courts  pro- 
viding the  material  can  be  traced  and  the  possessor  at  every  stage  identified. 
Usually  in  the  course  of  the  trial  the  medical  man  who  made  the  obduction  testifies 
that  he  removed  such  organs  and  placed  them  in  jars,  which  to  his  knowledge 
must  have  been  free  from  poison,  sealed  them  (describing  the  seal)  and  delivered 
them  to  some  official  (prosecutor  or  sheriff  usually  or  an  assistant  to  one  of 
these).  Then  the  official  testifies  that  he  received  them  (seals  unbroken)  and 
transferred  them  to  the  toxicologist  either  in  person  or  through  the  express 
company. 

A  protest  should  be  made  against  the  usual  method  of  sealing  jars  contain- 
ing material  for  the  toxicologist.  Fruit  jars  are  suitable  and  are  usually  selected 
and  the  cap  is  covered  with  a  mass  of  sealing  wax.  This  is  crude,  not  distinc- 
tive and  is  removed  with  difficulty.  After  the  material  is  placed  in  the  jar, 
the  cap  should  be  screwed  on  and  the  whole  jar  should  be  wrapped  in  heavy 
paper  after  which  a  tape  string  should  be  passed  around  the  jar  both  longi- 
tudinally and  horizontally.  The  distinctive  seal  should  be  placed  on  the  points 
where  the  longitudinal  and  horizontal  tapes   and   strings   cross. 

When  the  chemist  receives  the  material  directly  from  an  official  or  his 
representative  he  should  give  a  receipt  in  whicli  he  should  specify  the  nunilier 
and  kind  of  jars  and  any  labels  that  they  may  carry.  He  should  not  say  in  this 
receipt  "I  have  this  day  at  10  a.  ^\ .,  received  from  John  Jones,  v^hcrifif  of  Ralls 
County,  the  stomach  of  Jane  Potter,"  but  he  might  say  "I  h;i\e  this  da\-  at 
10  A.  M.,  received  from  John  Jones,  Sheriff  of  kails  C'omity.  a  (juart  Mason  fruit 
jar  said  to  contain  the  stomach  of  Jane  Totter."  (  )n  receipt  of  tissue  for  toxi- 
cological examination  the  chemist  should  i)lace  the  material  under  seal  and  so 
keep  it  that  he  can  testifv  that   no  one,   save  himself,   has   had   access   to  it    and 


294  THE    JOURXAI.    OF    LABORATORY    AND    CI^INICAI,    MEDICINE 

when  the  trial  is  on  he  should  be  able  to  produce  all  receptacles  in  which  the 
organs  were  brought  to  him  with  such  parts  that  have  not  been  destroyed  in 
making  the  chemical  analysis.  The  toxicologist  should  keep  a  seal  on  his  lips  as 
well  as  on  his  private  work  room  or  his  poison  case.  Troublesome  inquiries 
should  be  referred  to  the  attorney  in  charge  of  the  case  and  this  is  usually  the 
prosecutor;  however,  there  are  instances  in  which  toxicological  work  is  done 
for  the  defense,  and  ver}^  rarely  the  trial  judge  orders  an  examination  made 
by  independent  parties  for  himself.  We  have  known  of  this  having  been  done 
in  one  instance  and  after  receiving  the  report  of  the  toxicologist  the  trial  judge 
dismissed  the  case,  although  the  chemist  employed  by  the  prosecution  had 
reported  the  presence  of  a  poison.  This  case  was  not  brought  to  a  hearing  before 
a  superior  court  and  there  is,  so  far  as  we  know,  no  ruling  on  this  point. 

The  question  of  the  amount  of  poison  recovered  by  the  chemist  from  the 
tissue  is  a  constantly  recurring  one  in  trials  for  homicide  by  this  means.  The 
courts  of  all  civilized  countries  have  generally  held  that  it  is  not  necessary  for 
the  chemist  to  show  that  there  is  a  fatal  dose  in  any  organ  or  even  in  the 
whole  cadaver.  If  poison  be  found  and  the  jury  be  convinced  that  the  accused 
administered  it,  this  is  generally  held  to  be  sufficient  to  convict.  Homicide  by 
the  administration  of  poison  is  always  premeditated  murder.  This  of  course, 
does  not  include  accidental  poisoning  in  which  a  poisonous  substance  is  admin- 
istered by  mistake  when  something  else  was  intended.  If  it  can  be  shown  that 
John  Jones  administered  a  poison  to  his  wife  knowing  or  believing  that  it  was 
a  poison,  it  is  assumed  that  he  gave  it  with  ill  intent.  He  cannot  claim,  for 
instance,  that  he  was  giving  her  arsenic  as  a  tonic  or  to  improve  her  complex- 
ion and  that  she  died  from  some  other  cause  and  that  the  arsenic  found  in  her 
body  by  the  chemist  is  thus  accounted  for. 

If  the  chemist  can  isolate  the  poison  sufficiently  pure  to  determine  the 
amount  this  should  be  done.  Moreover,  he  should  if  possible  preserve  portions 
of  the  poison  and  visible  tests,  to  serve  as  exhibits.  This  can  usually  be  done 
with  the  inorganic  poisons,  but  exhibits  of  the  poison  cannot  be  demanded  with 
many  of  the  more  deadly  organic  poisons.  Rarely  crystals  of  strychnin,  morphin, 
chloral  and  other  organic  poisons  can  be  obtained  not  only  in  quantity  sufficient 
for  all  the  necessary  test,  but  some  may  remain  for  exhibits. 

—V.   C.    V. 
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MANY  of  the  older  clinical  writers  classified  exophthalmic  goiter  as  a  dis- 
ease of  the  sympathetic  nervous  system.  It  is  only  in  recent  years  that 
the  primary  importance  of  the  thyroid  has  become  recognized.  Although  we 
must  give  full  weight  to  overfunction  of  the  thyroid  as  the  direct  cause  of 
hypermetabolism,  which  is  the  dominant  factor  in  the  syndrome  designated 
"exophthalmic  goiter,"  yet  it  must  be  confessed  that  when  we  attempt  to  ex- 
plain the  primary  cause  of  overfunction  of  the  thyroid,  all  our  hypotheses  are 
unsatisfactory,  * 

Cannon^  has  shown  that  by  the  constant  stimulation  of  the  thyroid  produced 
by  anastomosing  the  phrenic  nerve  with  fibers  of  the  cervical  sympathetic,  he 
has  been  able  to  produce  many  of  the  symptoms  of  hyperthyroidism.  McCarri- 
son^  has  adduced  a  large  mass  of  data,  both  clinical  and  experimental,  sup- 
porting the  hypothesis  that  hotli  simple  and  exophthalmic  goiter  are  due  to 
water-borne  infection.  However,  the  theory  that  the  thyroid  is  excited  be- 
yond its  normal  function  by  infection  within  the  gland  has  received  little 
supporting  evidence  in  \\\v  bactcriologic  findings,  in  tlic  liistologic  a])pearancc  of 
local  inflammation,  or  in  the  clinical  course  of  the  disease. 

Some  time  ago  in  an  examination  of  the  changes  in  the  various  skeletal 
muscles  in  cases  of  exopluhalmic  goiter,  I  was  struck  by  the  extremely  erratic 
distribution  of  the  degeneration  in  the  various  muscle  libt'rs  .-md  bands.     Such 
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an  erratic  distribution  is  difficult  to  explain  on  any  theory  of  work-change  or 
of  the  irregular  vascular  distribution  of  a  blood-borne  toxin.  On  the  other 
hand,  it  might  readily  arise  from  the  irregular  destruction  of  selected  neurons, 
or  portions  thereof,  controlling  various  muscle  bundles.  In  consideration  of 
these  facts  from  the  clinical,  experimental,  bacteriologic,  and  histologic  stand- 
points I  was  led  to  investigate  more  carefully  the  histopathology  of  the  auto- 
nomic ner\'ous  system  in  relation  to  goiter. 

PREVIOUS    REPORTS    IN    THE    PRESENT    SERIES    OF    OBSERVATIONS. 

Durante  and  I"'  have  recently  reported  our  observations  on  twenty  superior 
cervical  sympathetic  ganglia  removed  at  operation  from  sixteen  patients  with 
hyperplastic  toxic  (exophthalmic)  goiter.  Our  findings  may  be  briefly  sum- 
marized as   follows : 

1.  Definite  histologic  changes  in  the  cells  of  the  cervical  sympathetic  gan- 
glia in  hyperplastic  toxic  (exophthalmic)  goiter  occurred  in  all  cases  examined. 

2.  These  histologic  changes  consisted  of  various  stages  of  degeneration: 
namely,  (a)  hyperchromatization,  (b)  hyperpigmentation,  (c)  chromatolysis, 
and  (d)  atrophy  or  (e)  granular  degeneration  of  the  nerve  cells. 

3.  Some  of  the  ganglia  contained  cells  resembling  the  partially  differenti- 
ated cells   found  in  the  ganglia  of  infants. 

4.  Accompanying  the  more  advanced  changes  in  the  ganglion  cells  were 
similar  degenerative  changes  in  the  nerve  fibers  and  an  increase  of  con- 
nective tissue  throughout  the  ganglion,  but  especially  in  the  outer  and  middle 
coats  of  the  vessels  and  in  the  periganglionic  tissue. 

5.  So  far  as  could  be  determined  from  the  small  number  of  observations, 
the  pathologic  changes  in  the  cervical  sympathetic  ganglia  were  parallel  to  the 
stage  and  intensity  of  the  symptoms  of  hyperthyroidism  and  to  the  hyperplastic 
and  regressive  changes  in  the  thyroid. 

In  addition  to  the  above,  I  have  recently  reported*  my  observations  on  a 
study  of  the  cervical  sympathetic  ganglia  removed  at  autopsy  from  twelve  pa- 
tients dying  during  the  course  of  exophthalmic  goiter,  the  observations  on 
which  were  controlled  by  similar  studies  on  sympathetic  ganglia  removed  at 
autopsy  from  patients  dying  of  diseases  other  than  exophthalmic  goiter  and  by 
studies  of  Gasserian  ganglia  removed  at  operation  from  patients  with  trifacial 
neuralgia.  The  results  of  these  latter  studies  show  that  the  changes  in  the 
ganglia  cases  of  exophthalmic  goiter  coming  to  autopsy  are  parallel  in  all 
respects  with  those  in  the  ganglia  removed  at  operation,  while  the  ganglia  re- 
moved from  patients  coming  to  autopsy  from  other  diseases  and  the  ganglia 
removed  at  operation  for  conditions  other  than  exophthalmic  goiter  furnish 
valuable  negative  controls.  In  the  latter  report  I  have  also  included  a  brief  pre- 
liminary note  of  experimental  work  in  the  production  of  the  degenerative 
changes  in  the  ganglionic  cells.  In  one  animal  (goat)  lesions  parallel  with  those 
in  the  cervical  ganglia  removed  from  patients  with  acute  exophthalmic  goiter 
were  produced  by  the  injection  into  the  capsule  of  the  ganglion  of  a  virulent 
culture  of  Bacillus  bronchisepticus,  the  bacillus  associated  with  canine  dis- 
temper. This  experimental  work  is  still  in  progress,  and  will  be  made  the 
subject  of  a  subsecjuent  report. 
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SUBJECT    MATTER    OF    PRESENT    STUDY. 

I  wish  to  present  more  in  detail  and  from  a  different  viewpoint  the  general 
character  of  the  histologic  lesions.  The  study  of  these  turns  on  the  irregularity 
of  their  distribution,  their  extent,  and  the  probable  order  of  the  various  phases 
of  degeneration. 

When  one  studies  the  pathologic  changes  in  isolated  sections  of  the  gan- 
glia, it  is  difficult  to  determine  the  exact  distribution  of  affected  cells,  though 
even  in  studying  nonserial  sections  he  is  struck  by  the  presence  of  apparently 
perfectly  normal  cells  in  immediate  apposition  to  others  that  appear  to  be  in  ad- 
vanced stages  of  degeneration.  Since,  however,  the  ganglion  cells  are  of  much 
greater  diameter  than  the  thickness  of  good  paraffin  sections,  it  is  possible  to 
interpret  the  apparent  irregularities  in  size  and  irregular  distribution  of  pigment 
in  the  ganglionic  cells  in  a  single  section  on  the  theory  that  they  are  the  result 
of  oblique  cuts  including  only  small  portions  of  cells.  In  order,  therefore,  to 
determine  the  extent  of  the  destruction  of  the  cells  one  must  study  series  of 
sections  at  least  of  sufficient  extent  to  include  all  portions  of  a  group  of  gan- 
glionic cells  selected  in  a  given  microscopic  field  in  a  section  near  the  middle  of 
the  series.  All  preceding  and  succeeding  sections  in  which  these  individual  cells 
appear  must  be  studied.  I  recognized  this  principle  early  in  the  work  and  all 
material  has  been  studied  in  such  serial  preparations.  One  is  able  thus  to 
demonstrate  beyond  a  doubt  the  character  and  extent  of  the  changes  in  a  given 
group  of  ganglion  cells. 

This  summer,  Mr.  T.  O.  Young,  a  medical  student  in  the  University  of 
Minnesota,  under  my  direction  has  prepared  a  number  of  Born  wax  reconstruc- 
tions of  groups  of  cells  selected  as  above  indicated.  A  description  of  his  tech- 
nic   is   herewith   appended. 

All  the  reconstructions  were  made  at  a  magnification  of  600  diameters, 
and  photographed  down  to  a  magnification  of  300  diameters,  at  which  magnifica- 
tion they  are  herewith  reproduced.  In  examining  them  the  fact  must  not  be  lost 
sight  of  that  they  represent  groups  of  cells  selected  as  above  indicated:  i.e., 
those  of  each  of  which  some  portion  appears  in  a  single  section  of  the  series; 
thus  while  all  portions  of  each  cell  in  the  group  is  shown,  the  group  itself  covers 
the  distribution  of  the  cells  in  2  dimensions  only.  The  interior  details  of  the 
cells  can,  of  course,  be  represented  in  the  opaque  models  only  diagrammatically 
and  by  arbitrary  signs.  With  these,  however,  and  the  knowledge  thai  ihe  relative 
shape  and  size  of  the  cells  has  been  i)reserved,  the  analysis  is  interesting. 

PROTOCOLS. 

Case  I. — A-1 53535,  Fig.  1.  (For  previously  reported  details  of  this  case  see 
Case  II  in  article  Ref.  4.)  This  reconstruction  is  from  a  grou[)  of  ganglion  cells 
m  the  left  sui)erior  cervical  sympathetic  ganglion  of  a  female  19  years  of  age 
who  had  had  severe  .symjjtoms  of  exophthalmic  goiter  for  I'wq  months.  Of 
the  nine  cells  shown,  four.  A.  B,  C,  and  1).  are  apparently  normal  and  t'wc, 
E,  F,  G,  H  and  I  are  i)igmented.  In  one,  I,  the  most  pigmented,  the  inicleus 
has  disappeared;  in  tlu-  dllicr  eight  llie  inu  lei  show  no  elianges  of  sullicient  im- 
portance  to    warrant   our   designating   them    as    degenerated. 
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Fig.  2.  This  reconstruction  is  from  another  area  in  the  same  ganglion  as 
that  shown  in  Fig.  1.  In  this  area,  three  cells,  A,  B,  and  C,  are  apparently 
normal  and  four,  D,  E,  F,  and  G,  are  pigmented.     In  two,  D  and  E,  the  nuclei 


Fig.   1. 


Fig.  2. 

are  in  an  advanced  stage  of  degeneration ;   in  the  other   two,   F   and   G,   they 
have  completely  disappeared. 

Case  II. — A-165975,  Fig.  3.  This  reconstruction  is  from  a  group  of  gan- 
glion cells  in  the  right  superior  cervical  sympathetic  ganglion  of  a  male  30 
years  of  age  who  had  had  severe  symptoms  of  exophthalmic  goiter  for  three 
months.     His  left  superior  thyroid  vessels  had  been  ligated  nine  days  and  his 
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Fig.  3. 


Fig.  4. 
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right  superior  thyroid  vessels  four  days  before  his  death,  the  immediate  cause 
of  which  was  a  bilateral  disseminated  bronchopneumonia.  His  myocardium 
showed  very  marked  fatty  changes.  Of  the  eleven  cells  shown,  four,  A,  B, 
C  and  D,  are  apparently  normal,  both  in  their  cytoplasm  and  nuclei.  One,  E, 
is  atrophied  and  the  nucleus  is  in  an  advanced  stage  of  degeneration  but  with- 
out pigmentation  in  the  cytoplasm.  In  two,  F  and  G,  there  is  advanced  de- 
struction of  the  nuclei,  atrophy  and  advanced  pigmentation.  In  two,  H  and  I, 
there  is  atrophy  and  complete  destruction  of  the  nuclei,  but  no  pigmentation. 
In  one,  J,  there  is  some  atrophy,  advanced  pigmentation  and  complete  destruc- 


Fig.    5. 


tion  of  the  nucleus.     Of  one,  K,  only  a  mass  of  pigment  about  1/8  the  normal 
size  of  the  cell  remains. 

Case  ///.— A-107215,  Fig.  4.  (Case  I,  Ref.  3.)  This  reconstruction  is 
from  a  group  of  ganglion  cells  in  the  left  superior  cervical  sympathetic  ganglion 
of  a  female  24  years  of  age  who  had  had  symptoms  of  severe  exophthalmic 
goiter  for  four  months.  Of  the  nineteen  cells  shown,  five,  A,  B,  C,  D,  and  E, 
are  apparently  normal  in  size,  character  of  protoplasm,  and  the  nuclei.  One 
other,  F,  may  be  normal,  although  it  is  quite  small.  Two,  G  and  H,  are 
heavily  pigmented  but  show  nuclei  which  are  apparently  normal.  Four,  I,  J, 
K,  and  h  are  heavily  pigmented  and  show  no  nuclei.     Five,  M,  N,  O,  P,  and  Q, 
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are   atrophic,   show  no  pigment  but  are  without   nuclei.     Two,   R   and   S,   are 
reduced  to  relatively  small  masses  of  pigment  only. 

Case  /F.— A-144809,  Fig.  5.  (Case  III,  Ref.  4.)  This  reconstruction  is 
from  a  group  of  ganglion  cells  of  the  left  superior  cervical  sympathetic  gan- 
glion of  a  female  30  years  of  age  who  had  had  severe  exophthalmic  goiter  for 
eight  months.  Of  the  seventeen  cells  shown,  two,  A  and  B,  show  apparently 
normal  protoplasm  and  nuclei  though  they  are  hypertrophied.  One  other,  C, 
near  them  is  markedly  hypertrophied  and  though  its  nucleus  is  normal  it  shows 
beginning  pigmentation.  Another,  D,  in  the  immediate  vicinity  is  markedly 
hypertrophied,  shows  beginning  pigmentation  and  its  nucleus  has  completely 
disappeared.  One,  E,  which  is  normal  in  size  shows  beginning  degeneration  of 
the  nucleus  and  no  pigmentation.  Three  others,  F,  G,  and  H,  though  show- 
ing no  pigmentation,  show  complete  destruction  of  the  nucleus.     Two,  I  and  J, 


Fig.    6. 


show  advanced  pigmentation  with  destruction  oi  the  nucleus,  and  seven,  K,  h, 
M,  N,  O,  P,  and  Q,  are  reduced  to  atr()])hic  masses  of  solid  pigment. 

Case  V. — A-167162,  Fig.  6.  This  reconstruction  is  from  a  group  of  gan- 
glion cells  in  the  right  superior  cervical  sym])athctic  ganglion  oi  a  female  24 
years  of  age  who  had  had  very  severe  symptoms  of  exo])hthalmic  goiter  for 
3  months,  remission  of  symptoms  for  4  months,  a  severe  relapse  for  2  months, 
and  then  almost  complete  remission  of  all  symptoms  except  severe  exoi)lithalnios 
(lurin^f  the  last  0  months  preceding  operation  (sympathectomy).  Throughout 
the  sections  frcjm  this  case  hyj^ertrophy  of  the  ganglion  cells  was  marked.  In  the 
group  shown,  one  cell.  A,  is  ai)i)arently  normal  in  size,  comjiosition  of  its  proto- 
plasm, and  character  of  its  nucleus.  Two,  W  and  C\  are  very  markedly  hyper- 
trophied, but  with  nuclei  \\liich  show  no  degenerative  changes.  One,  1),  is 
hyi)ertrophie(l  and  pigmented  biU  with  an  apparentiv  normal  nucleus.     Anollier,  E, 
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is  hypertrophied  with  an  apparently  normal  nucleus.  Another,  F,  is  pigmented 
and  shows  no  nucleus.  Another,  G,  is  atrophied,  nonpigmented  and  without  a 
nucleus. 

Case  F/.— A-129966,  Fig.  7.  (Case  II,  Ref.  3.)  This  reconstruction  is 
from  a  group  of  ganglion  cells  in  the  left  superior  cervical  sympathetic  gan- 
glion of  a  female  30  years  of  age  who  had  had  severe  symptoms  of  exophthal- 
mic goiter  for  a  year.  An  examination  of  the  sections  from  this  ganglion  showed 
in  most  areas  a  marked  atrophy  of  the  ganglion  cells.  The  group  selected  for 
reconstruction  is  from  an  area  in  which  the  cells  are  hypertrophied.  In  the 
model  each  cell  is  bisected  and  on  the  cut  surface  are  indicated  the  pigmenta- 


Fig.   7. 


tion  and  appearance  of  nuclei;  the  latter  is  also  indicated  by  the  arbitrary  signs. 
A  photograph  has  been  taken  of  the  model  w-ith  the  loose  portion  of  each  cell 
removed.  Of  the  seven  cells  shown,  none  are  normal  though  two,  A  and  B, 
show  nuclei  without  material  degeneration.  In  three  others,  C,  D  and  E,  de- 
generation has  begun  in  the  nuclei,  and  in  two,  F  and  G,  the  nuclei  have  com- 
pletely disappeared.     All  the  cells  are  markedly  pigmented. 

Case  F//.— A- 13641 8,  Fig.  8.  (Case  IV,  Ref.  4.)  This  reconstruction 
is  from  a  group  of  ganglion  cells  in  the  superior  cer\ncal  sympathetic  ganglion 
of  a  female  25  years  of  age  who  had  had  moderate  symptoms  of  exophthalmic 
goiter  for  one  year  and  eight  months,  a  period  of  exacerbation  lasting  three 
weeks   and   then   partial    relief   by   double   ligation   of    the   thyroid   vessels    fol- 
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lowed  Ay2  months  later  by  thyroidectomy.  At  autopsy  nine  days  after  opera- 
tion the  cervical  sympathetic  ganglia  were  noticeably  enlarged.  Of  the  thir- 
teen cells  shown,  two,  A  and  B,  are  apparently  normal.    Three  others,  C,  D,  and 

E,  show  normal  nuclei  but  are  stained  by  diffuse  pigmentation.     Three  others, 

F,  G,  and  H,  show  normal  nuclei,  diffuse  pigmentation,  and  in  addition,  masses 
of  hea\'y  pigmentation.  One,  I,  shows  diffuse  light  pigmentation  and  a  par- 
tially degenerated  nucleus.  Two,  J  and  K,  show  diffuse  light  pigmentation, 
masses  of  heavy  pigmentation,  and  no  nuclei.  Two,  L,  and  M,  show  complete 
absence  of  nuclei. 


I-ig. 


Case  VIII.—K-US\72,  Fig.  9.  (Case  VII,  Ref.  4.)  This  reconstruction  is 
from  a  group  of  ganglion  cells  in  the  right  superior  cervical  sympathetic  gan- 
glion of  a  female  39  years  of  age  who  had  had  moderate  symptoms  of  ex- 
ophthalmic goiter  for  twelve  years  with  gradual  abatement  of  symptoms  for 
four  years.  Microscopically  the  total  numlicr  of  ganglion  cells  was  apparently 
much  reduced.  The  condition  of  those  remaining  is  well  represented  in  the 
reconstruction.  None  of  the  cells  arc  normal.  Nine  of  the  ton  arc  heavily 
pigmented.  In  the  tenth,  J,  the  nucleus  is  degenerated.  Of  the  nine  pigmented 
cells,  five.  A,  B,  C,  D,  and  E,  show  quite  normal  nuclei.  One,  F,  shows  a  par- 
tially degenerated  nucleus.  Tn  one,  (i,  the  nucleus  shows  adxanced  degener- 
ation, and  two,  H  and  I,  are  without  nuclei. 
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Case  /X.— A-53650,  Fig.  10.  (Case  XV.  Ref.  3.)  This  reconstruction  is 
from  a  group  of  ganglion  cells  in  the  left  superior  cervical  sympathetic  gan- 
glion of  a  female  21  years  of  age  who  after  a  year  of  sufifering  from  severe 
symptoms  of  exophthalmic  goiter  had  had  double  ligations  of  the  superior  thy- 
roid vessels  followed  four  months  later  by  removal  of  the  right  lobe  of  the 
thyroid.  Three  years  and  eight  months  after  the  removal  of  her  right  thyroid, 
her  left  superior  cervical  sympathetic  ganglion  was  removed.  Examination 
of  sections  of  this  ganglion  showed  marked  diminution  in  the  number  of  gan- 
glion cells.  Of  those  which  remained,  few  were  normal.  In  the  group  of 
twelve  shown,  one  only,   A,   is  apparently  normal.     One,   B,  is  normal  except 
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Fig.   9. 

for  a  diffuse  light  pigmentation.  One,  C,  shows  intense  local  pigmentation 
but  with  an  apparently  normal  nucleus.  Three,  D,  E,  and  F,  show  similar  pig- 
mentation but  with  degenerated  nuclei.  Three,  G,  H,  and  I,  show  pigmentation 
with  complete  destruction  of  the  nucleus.  Two,  J  and  K,  are  markedly  atro- 
phied, without  nuclei  and  witliout  pigmentation. 

DISCUSSION. 

These  reconstructions  of  groups  of  ganglion  cells  have  confirmed  the  im- 
pressions received  from  the  microscopic  study  of  series  of  sections  of  ganglia 
and  made  it  possible  to  demonstrate  their  truth  beyond  a  doubt.  The  material 
studied  is  all  from  patients  so  young  as  to  preclude  the  possibility  of  senility  as 
a  factor  in  the  changes  observed  in  the  ganglion  cells.     The  material  was  all 
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in   excellent   condition  when  preserved.      The  methods   of   preservation,   prepa- 
ration,  and   reconstruction   eliminate   technical   artefacts. 

A  study  of  the  distribution  of  the  cell  changes  in  the  groups  illustrated 
shows  that  in  every  group  there  are  cells  which  are  apparently  capable,  of  func- 
tion, though  in  some  instances  this  may  be  somewhat  impaired  in  all  the  cells. 
At  the  same  time  in  each  group  there  are  also  cells  which  are  apparently  to- 
tally incapable  of  function.  These  two  forms  are  in  close  relationship  to  each 
other.  If  we  conceive  of  a  distant  muscle  fiber  or  group  of  thyroid  epithelial 
cells  as  controlled  by  a  neuron,  of  which  the  ganglion  cells  of  the  functionating 
type  are  a  part,  then  we  must  conceive  of  such  muscle  fiber  or  glandular  epi- 
thelium as  capable  of  being  stimulated  and,  unless  otherwise  prevented,  of  func- 
tionating.     Conversely,    muscle    fibers   and    glandular   epithelial    cells    receiving 


Fig.    10. 


their  nerxe  sup])ly  from  neurons  of  which  destroyed  ganglion  cells  are  a  part, 
cannot  receive  their  stimuli  to  function  through  such  neur(jns.  Unless  an- 
other neuron  vicariously  assumes  the  function  of  the  one  in  which  the  broken 
link  exists,  the  nuiscle  fiber  or  glandular  epithelium  must  ])erforce  go  out  of 
commission.  The  fact  that  functionating  ganglion  cells  are  in  immediate  prox- 
imity to  nonfunctionating  cells  is  in  close  harmony  with  the  fact  that  in  ex- 
ophthalmic goiter  we  have  muscle  fibers  and  thyroid  glandular  epithelial  cells 
in  advanced  stages  of  degeneration  in  innnediate  proxiniit\-  to  others  ot  their 
kind  which  are  apparently  normal.  That  the  changes  in  the  ganglion  cells  may 
be  secondary  to  primary  changes  in  the  muscle  and  glandular  epithelium  is 
rendered  im[)rohable  b_\-  the  fact  that  similar  changes  are  not  found  in  cervical 
ganglia  of  j)atients  from   whom   a  lohc  of  the  ihxroid   has  ])vcu   totally   remove' 
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for  many  months.  Atrophic  changes  in  the  ganglion  cells  from  ablation  of  the 
distant  organ  controlled  by  neurons  of  which  the  ganglion  cells  were  a  part 
are  very  different  from  the  granular  degeneration  seen  in  cases  of  exophthal- 
mic goiter.  Nor  do  the  changes  seen  in  ganglion  cells  of  persons  of  advanced 
age  at  all  closely  resemble  those  herein  illustrated.  Indeed  there  is  every  re- 
semblance in  the  changes  in  the  cervical  ganglion  cells  in  exophthalmic  goiter 
to  the  changes  in  the  ganglion  cells  in  the  spinal  cord  in  anterior  poliomyelitis 
and  to  the  changes  in  the  cortical  cells  of  the  cerebrum  in  meningitis.  They 
may  best  be  explained  on  the  hypothesis  of  a  specific  primary  infection  of  the 
ganglion  itself. 

NOTE  ON  THE  TECH  NIC  USED  IN  THE  RECONSTRUCTION   OP  GANGLION   CELLS 

AT  HIGH  MAGNIFICATIONS. 

The  reconstructions  were  made  from  serial  sections  of  tissue,  stained  by 
Ramon  y  Cajal's  1910  silver  impregnation  method  and  cut  at  5  and  10  micra. 
In  all,  eighteen*  reconstructions  of  ganglion  cells  were  made.  Sixteen  models 
were  groups  of  ganglion  cells  reconstructed  at  a  magnification  of  600  diameters. 
Five  of  these  were  from  human  tissue  removed  at  operation,  eight  from  human 
tissue  removed  at  autopsy,  two  were  groups  of  cells  from  a  goat,  and  one  was 
of  cells  from  a  brook  trout.  Two  models  were  reconstructions  of  single  human 
ganglion  cells  at  a  magnification  of  3,000  diameters.  One  of  these  showed  a 
moderately  degenerated  cell,  and  the  other  a  practically  normal  cell  with  its 
intracapsular  processes   and  axone. 

In  making  drawings  for  the  above  reconstructions  at  high  magnifications, 
variations  from  the  ordinary  technic  were  found  necessary.  The  principal  dif- 
ficulty encountered  was  that  of  tracing  a  single  cell  in  serial  sections.  The 
usual  method  of  selecting  some  definite  landmark,  such  as  a  blood  vessel,  nerve 
process  or  some  particular  part  of  the  ganglionic  capsule  which  presented  a 
comparatively  uniform  appearance  throughout  the  series  studied,  proved  suc- 
cessful for  magnifications  as  high  as  600  diameters.  With  magnifications  of 
3,000  diameters  the  cell  studied  covered  almost  the  entire  microscopic  field, 
and  no  identification  marks  appearing  throughout  the  series  could  be  found. 
In  order  then  to  accurately  trace  a  cell  from  section  to  section  at  this  magnifica- 
tion, the  entire  series  was  drawn  at  a  low  magnification  where  definite  land- 
marks or  guides  could  be  followed,  and  it  was  then  possible  to  identify  the  dif- 
ferent sections  of  a  cell  at  much  higher  magnifications.  When  a  section  of  a 
cell  was  located  at  a  low  magnification,  it  was  exactly  centered  in  the  micro- 
scopic field,  the  higher  power  ocular  and  objective  put  in  place,  and  the  cell 
drawn. 

The  diameters  of  the  normal,  or  nearly  normal,  cells  ^^•ere  found  to  vary 
from  30  to  50  micra.  Thus,  in  10  micra  sections,  there  were  four  or  five  sec- 
tions to  a  cell,  while  in  the  5  micra  the  average  was  from  eight  to  ten  sections. 
Cells  showing  advanced  stages  of  degeneration  were  sometimes  as  small  as  5 
to  8  micra  in  diameter. 


*Only   10   are   herein   shown   and    described.      The   others   will   be   published   later   in    relation   to    other 
studies. 
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The  alignment  and  transfer  of  the  drawings  to  wax  plates  were  done  with 
the  aid  of  translucent  paper  as  described  by  Kashtshenko^  so  that  a  single  sec- 
tion of  a  group  of  cells  could  be  placed  in  exact  registry  over  the  section  just 
proximal  or  distal  to  it.  On  the  first  section  of  a  group  two  lines  were  drawn 
perpendicular  to  each  other.  Several  crosses  were  placed  in  rather  arbitrary 
relation  to  these  lines.  The  second  section  then  was  fitted  accurately  over  the 
first  section,  and  these  lines  and  crosses  duplicated  on  it.  The  same  procedure 
was  followed  throughout  the  series.  Thus,  though  there  might  be  a  variation  in 
the  position  of  a  section  of  a  cell  in  a  series  due  to  an  oblique  cut,  or  perhaps 
to  a  natural  variation,  it  was  still  accurately  shown  by  these  lines  and  crosses. 

In  transferring  the  drawings  to  the  wax  plates,  the  lines  and  crosses  were 
also  transferred.  When  the  wax  was  cut,  the  marks  were  preserved  in  the 
form  of  bridges  and  guides  and,  when  piled  serially  in  the  usual  method,  wire 
was  substituted  for  the  wax  bridges. 

In  coloring  the  models  the  colors  used  were  selected  to  conform  as  nearly 
as  possible  with  the  color  which  each  cell  stained  by  the  silver  impregnation 
method.  Thus,  in  a  single  group,  several  shades  w'ere  frequently  used.  The 
relative  extent  and  depth  of  staining  of  the  pigment  is  indicated  by  dots  on 
the  surface  of  the  models.  Each  cell,  if  marked  at  all,  bears  a  +,  1,  or  -  sign, 
indicating 

+  =  Normal  nucleus. 

1  =  Earlier  stages  of  degeneration  of  the  nucleus. 

-  =  Advanced  stages  of  degeneration  of  the  nucleus. 

No  mark  =  No  nucleus  found  in  any  of  serial  sections  of  the  cell. 

The  wax  plates  were  made  for  us  in  the  Anatomical  Department  of  the 
University  of  Minnesota  through  the  kindness  of  Prof.  Thos.  G.  Eee. 
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PIPERAZIN  AND  OTHER  ORGANIC  URATE  SOLVENTS* 


By  Paul  J.  Hanzlik,  M.D.,   Cleveland,  Ohio. 


IX  a  previous  paper  on  hexamethylenamine  (Hanzlik,  1916)  a  review  of  the 
literature  revealed  the  practically  negligible  position  of  this  drug  among 
the  so-called  urate  solvents,  particularly  when  contrasted  with  such  well  known 
and  tried  alkalies  as  the  bicarbonate  and  citrate  of  sodium.  Special  urate  sol- 
vent properties  have  been  ascribed  to  other  agents.  Among  the  best  known 
and  widely  exploited,  of  these  is  piperazin.  However,  our  knowledge  of  the 
behavior  of  uric  acid  and  urates  in  the  body  and  its  fluids  makes  it  difficult 
to  understand  why  any  special  virtues  should  be  ascribed  to  this  product. 

It  is  the  object  of  this  paper  to  examine  the  literature  on  piperazin  and 
other  urate  solvents  and  to  ascertain  what,  if  any,  scientific  data  exist  to  sup- 
port the  claims  that  are  made.  A  proper  appreciation  of  the  chemical  prop- 
erties and  the  behavior  of  uric  acid  and  the  urates  in  the  body  is  necessary  in 
order  to  judge  the  data.  For  this  the  previous  paper  may  be  consulted.  The 
complexity  of  the  chemical  behavior  of  the  urates  is  further  illustrated  in 
recent  contributions  by  Lambling  and  Debaussy  (1914)  and  Haskins  (1916). 
These  emphasize  the  paradoxical  behavior  of  the  solvent  power  of  urine  itself 
for  uric  acid,  and  other  properties,  rendering  positive  deductions  extremely 
difficult.  It  may  be  further  stated  that  positive  and  optimistic  statements  re- 
garding the  therapeutic  efficiency  of  the  class  of  substances  called  urate  sol- 
vents should  be  generally  regarded  as  premature  and  unfounded,  particularly 
if  it  is  remembered  that  the  clinical  conditions  for  which  these  are  frequently 
recommended  are  still  more  obscure.  Bearing  these  uncertainties  in  mind, 
we  may  now  proceed  to  examine  the  possibilities  offered  by  piperazin  as  a 
urate  solvent. 

1.      ADDITION   OF   PIPERAZIN   TO   PURE   URATE. 

Piperazin  is  a  synthetic  organic  base  obtained  by  the  condensation  of 
two  ethylene  with  two  amino  groups.  It  forms  soluble  salts  with  uric  and 
other  acids.     Its  structural   formula  is 
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Solubility  of  Pipcrasin  Urate. — Piperazin  dissolves  uric  acid  even  in  the 
cold,  1  part  of  the  salt,  piperazin  urate,  being  soluble  in  50  parts  of  water  at 
17°  (Mayer  and  Schmidt,  1890).  According  to  Mathews  (1915)  the  piper- 
azin salt  of  uric  acid  is  much  more  soluble  than  the  alkaline  salts,  the  solubility 

*From  the  Pharmacological  Laboratory,  Western  Reserve  I'niversity.  Cleveland.  This  review  was 
prepared  at  the  request  of  the  Therapeutic  Research  Conv.uittee  of  the  Council  of  Pharmacy  and 
Chemistry   of   the   American    Medical   Association. 
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being  about  1  in  50  parts  of  water  at  17°.  Biesenthal  and  Schmidt  (1891)  give 
the  solubility  of  various  urates  in  water  as  follows :  Piperazin  urate  1 :50 ; 
acid  sodium  urate  1:1200  at  15°;  Hthium  urate  1:367  at  20°.  Vicario  (1902) 
reports  that  1  part  of  piperazin  urate  is  soluble  in  45  parts  of  water  at  18°,  in 
44  parts  at  37°;  1  part  of  acid  sodium  urate  in  1,136  at,  18°,  and  in  581  parts 
at  Z7^.  This  is  less  than  that  reported  by  Vicario  for  sodium  urate  which  was 
found  to  be  35  parts  at  37°  ;  somewhat  higher,  59  parts,  at  18°.  1  part  of 
potassium  acid  urate  was  soluble  in  666  at  18°,  and  345  at  37°.  Helbing  and 
Passmore  (1894)  claim  that  piperazin  can  form  an  acid  salt  with  uric  acid, 
but  that  this  never  occurs  in  therapeutic  practice.  They  claim  further  that 
neutral  piperazin  urate  is  the  normal  urate  produced  by  the  solvent  action  of 
piperazin  on  uric  acid.  It  is  said  to  be  extremely  soluble,  1  part  piperazin 
urate  dissolving  in  50  parts  water  at  17°,  in  40  parts  at  38°.  These  data  agree 
favorably  with  those  reported  by  others  as  pointed  out  above.  In  attempting 
to  compare  the  solubility  of  uric  acid  in  piperazin  in  low  or  therapeutic  con- 
centrations, Helbing  and  Passmore  worked  with  percentages  that  are  alto- 
gether too  high.  They  state  that  the  concentration  of  0.025%  would  approxi- 
mately represent  the  percentage  of  piperazin  in  the  blood  after  a  dose  of  15 
grains  (about  1  gni. ).  However,  it  is  not  correct  to  assume  the  distribution 
of  the  drug  to  be  limited  to  the  blood  only.  The  tissues  as  a  whole  should  be 
considered.  The  weight  of  the  individual  is  not  stated,  but  assuming  it  to 
be  an  adult  of  about  70  kilos,  the  concentration  in  the  tissues,  as  a  matter  of 
fact,  would  be  about  0.001  ^^ .  and  0.002%  for  a  50  kilo  individual. 

Comparison  With  Lithium  and  Effect  of  Neutral  Salts. — In  test-tube  ex- 
periments, according  to  Cushny  (1910)  and  Schmiedeberg  (1909),  the  solubil- 
ity of  uric  acid  in  piperazin  is  greater  than  that  of  lithium  and  borax.  Heinz 
(1907)  states  this  to  be  about  twelve  times  that  of  lithium  carbonate;  Helbing 
and  Passmore  (1894)  about  seven  times.  This  is  denied  by  Van  der  Klip 
(1892)  who  found  the  solvent  power  of  piperazin  (concentration  unknown)  to 
be  less  than  that  of  lithium  carbonate  between  16°  and  36°.  Plugge  (1895) 
states  that  it  is  only  in  high  concentrations  that  piperazin  is  a  better  uric  acid 
solvent  than  lithium.  In  dilute  solutions  it  is  less  so.  Ortowski  (1900)  found 
that  piperazin  in  acfueous  solution  at  37.5°  possessed  less  solvent  power  for 
uric  acid  than  lysidine  but  acted  somewhat  more  favorably  than  sodium  bi- 
carbonate. 

In  the  presence  of  even  small  quantities  of  sodium  chloride  (less  than 
1%)  this  solubility  is  lessened,  hence  in  urine  the  soKcnt  power  of  piperazin 
is  almost  completely  lost.  Morhorst  (1896)  states  that  tlie  addition  of  sodium 
chloride,  sodium  sulfate  and  other  neutral  salts  to  a  piperazin  solution  of  uric 
acid  causes  precipitation  of  urate  from  the  piperazin  urate.  According  to 
Penzoldt  (1900)  the  soKenl  ])ower  of  af|ueous  soluliims  of  pipera/in  is  les- 
sened by  the  addition  of  urine.  He  found  tliat  a  uric  acid  stone  placed  in  a 
1%  solution  of  piperazin  and  incubated  for  24  hours  was  dissolved  along  llie 
edges  only.  Nicolaier  (1899)  thouglit  that  ])iperazin  dissolved  uric  acid  and 
urates  less  readily  llian  liexamethylenaniiiK'.  (  )n  the  otlirr  hand.  v*^le\ens  and 
May  (1911)   found  tlial  i)i[)erazin  was  a  better  soKent  titan  liexanu-tliyleiiainine. 
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It  may  be  concluded  that  piperazin  forms  a  salt  with  uric  acid  called 
piperazin  urate,  whose  solubility  is  about  1  in  50  parts  of  water,  and  that  this  is 
diminished  by  the  addition  of  urine  and  weak  concentrations  of  neutral  salts. 
Lithium  apparently  is  a  better  solvent  for  uric  acid  in  vitro  than  piperazin  in 
low  concentrations. 

2.       ADDITION    OF    PIPLRAZIN    TO    URATE    CALCULI. 

Casper  (1897)  observed  that  as  solvents  for  calculi  piperazin,  lysidine  and 
liexamethylenamine  were  no  more  effective  than  urine  or  w-ater  alone,  but 
glycerin  was  superior.  Biesenthal  and  Schmidt  (1891)  observed  that  1% 
piperazin  dissolved  a  urate  stone  better  than  lithium  carbonate,  sodium  car- 
bonate, and  borax  of  the  same  strength.  Gordon  (1894)  treated  natural  vesi- 
cal calculi  with  piperazin,  borax,  sodium  bicarbonate,  lithium  citrate  and  potas- 
sium citrate.  One  per  cent  piperazin  was  found  to  possess  considerable  solvent 
power  if  the  contact  was  long  enough.  The  calculi  were  softened,  rendered 
mushy  and  it  was  conceived  that  in  the  body  they  would  be  somewhat  more 
easily  "absorbed."  When  50  mgm.  of  a  powdered  stone  consisting  of  59.19% 
uric  acid  was  placed  into  1%  piperazin  for  24  hours  at  39°,  48  mgm.  were  dis- 
solved while  the  other  solvents  under  the  same  conditions  dissolved  only  25 
to  35  mgm.  This  led  to  the  conclusion  that  the  solvent  power  of  piperazin 
under  like  conditions  is  greater  than  that  of  borax,  lithium  citrate,  sodium  bi- 
carbonate or  potassium  citrate.  On  the  other  hand,  Van  der  Klip  (1892) 
found  that  uric  acid  calculi  are  not  dissolved  by  piperazin  as  readily  as  by 
lithium  carbonate. 

Ebstein  and  Sprague  (1891)  used  piperazin  as  a  solvent  in  the  course 
of  analytic  procedure  and  found  that  gouty  tophi  consisting  of  urate  can  be 
dissolved  by  1 :1000  piperazin  in  vitro.  Finzelberg  (cit.  Helbing  and  Passmore, 
1894)  is  said  to  have  made  experiments  demonstrating  the  solvent  power  of 
piperazin  for  dift'erent  kinds  of  stone,  and  from  this  he  suggested  the  use  of 
the  drug  in  the  treatment  of  arteriosclerosis,  "compound"  sclerosis  and 
atheromatous  changes  of  the  aorta. 

It  may  be  concluded  that  piperazin,  in  rather  high  concentration,  possesses 
some  power  to  dissolve  calculi,  but  the  extent  of  this  may  be  regarded  in  some 
cases  limited  and  doubtful,  due  in  part,  no  doubt,  to  the  uncertain  and  variable 
composition  of  calculi. 

3.       SOLUBILITY    OF    URIC    ACID    AND    URATF    IN    SFRUM    CONTAINING    PIPERAZIN. 

The  existing  scientific  data,  though  limited,  indicate  this  to  be  of  no  practi- 
cal importance. 

Sir  W.  Roberts  (Croonian  Lectures,  1892)  stated  that  the  addition  of  0.1 
to  0.2%  piperazin  to  blood  serum  or  synovial  fluid  had  no  effect  in  increasing 
the  solvent  power  of  these  media  on  sodium  biurate,  nor  did  it  retard  the  pre- 
•cipitation  of  uric  acid  from  serum  and  synovial  fluid. 

Bohland  (1894)  found  that  50  c.c.  of  serum  (horse  and  calf)  containing 
1%  piperazin  dissolved  about  0.1  gm.  uric  acid  at  ordinary  room  temperature, 
that  is,  about  0.2%.     From  this  solution  (on  standing),  or  when  serum  is  added 
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to  an  aqueous  solution  of  piperazin,  a  flocculent  precipitate  is  formed  consisting 
chiefly  of  biurate.  The  solubility  of  potassium  acid  urate  in  l[o  piperazin  was 
found  to  be  the  same  as  for  uric  acid.  Tunicliffe  and  Rosenheim  (1898)  found 
the  solubility  of  sodium  biurate  in  beef  serum  to  be  1:31,000;  other  solvents  in 
order  of  increasing  efficiency  being  lysidine  1 :25,000 ;  hexamethylenamine 
1:14,000;  and  piperidin*  1:12,000.  The  solubility  in  serum  alone  was  found 
to  be  1  :60,000,  which,  if  given  the  value  of  1,  would  give  piperazin  a  value  of 
1.9.  The  true  reaction  of  the  serum  in  all  these  experiments  is  not  indicated, 
and  as  it  might  conceivably  become  strongly  alkaline  (by  decomposition)  the 
vahie  of  the  results  is  considerably  minimized. 

4.       SOLVENT    ACTION    OF    PIPERAZIN    URINE    ON    ADDED    URIC    ACID. 

The  solubility  of  uric  acid  in  piperazin  urine  is  much  less  than  in  aqueous 
solutions  and  it  is  markedly  influenced  by  dilution  and  the  reaction.  Un- 
fortunately the  efifects  of  dilution  and  reaction  have  been  overlooked  by  a 
majority  of  the  earlier  observers. 

Helbing  and  Passmore  (1894)  found  that  urine  interferes  with  the  urate 
solvent  action  of  piperazin.  They  observed  that  100  c.c.  of  1%  piperazin  urine 
dissolved  only  from  0.0065  to  0.03  gm.  of  uric  acid  in  72  hours;  100  c.c.  of  0.1% 
piperazin  urine  dissolved  from  0.0004  to  0.0017  gm.  uric  acid  in  72  hours. 
Goodbody  (1896)  observed  that  the  addition  of  0.1  gm.  piperazin  to  220  c.c. 
urine,  0.2  gm.  in  another,  which  regularly  deposited  urate,  dissolved  the  urate 
to  the  extent  of  0.01%.  The  average  uric  acid  content  of  5  urines  before  the 
addition  of  piperazin  was  0.058%,  and  this  was  increased  to  0.067%  by  the  ad- 
dition of  0.2  gm.  of  the  drug.  The  addition  of  piperazin  (0.085  to  0.68%)  to 
urine  (100  c.c.)  containing  added  uric  acid  caused  variable  quantities  (28.12 
to  233.32  mgm.  respectively)  of  the  latter  to  go  into  solution  (Haskins,  1916). 
This  was  also  true  of  dilute  and  less  dilute  urines  after  the  administration  of 
the  drug  and  whether  the  reaction  was  truly  acid  or  alkaline.  Dilute  urines 
without  the  drug  but  possessing  the  same  reactions  frequently  dissolved  more 
uric  acid  than  when  they  contained  piperazin.  Generally,  alkaline  urines  dis- 
solved more  uric  acid,  but  it  is  also  true  that  Haskins  found  considerable  uric 
acid  dissolved  in  a  few  acid  urines.  After  the  administration  of  1  to  2.5  gm. 
daily  to  2  individuals  during  the  course  of  3  days,  Heubach  (1891-92)  ob- 
served that  the  piperazin  urine  would  not  dissolve  any  added  iu"ic  acid  even  at 
higher  temperatures  and  with  prolonged  action.  IMeisels  claims  that  70  per 
cent  of  added  uric  acid  (presumably  to  urine)  was  dissolved  at  room  tem- 
perature. However,  complete  data  are  not  cited  in  the  report  which  was  avail- 
able. Mendelsohn  (1892)  could  demonstrate  no  solvent  action  on  calculi  or 
uric   acid   in   ])i])crazin    urines    and    concluded    from    this    tli;U    no    better    results 

*  I'iljciidin  is  .'i  r.'illicr  ;irtivc  "-nhstrince  ii)i;ii"mricoli))/icnlIy,  cnnsinjr  a  rise  ot  l)lri(i(l  ]ircssiire  in  colil 
blooded  animals,  cardiac  inhibition  with  large  doses,  and  a  ciirare-Iike  action  on  motor  nerve  endings. 
According   to   Ocsterle    (1909)    the    formula   is 

cir.. 

/         \ 

ii..c:  en.. 

I  I 

II..C  cii.. 

\  / 

Nil 
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could  be  hoped  for  from  injections  into  the  bladder,  because  such  solutions  can 
be  retained  for  2  to  3  hours  only,  and  the  solvent  effect  would  decrease  with 
the  advent  of  urine,  rendering  the  solvent  action  of  piperazin  practically  use- 
less. Penzoldt  (1900)  states  the  uric  acid  solvent  properties  of  aqueous  solu- 
tions of  piperazin  are  lessened  by  the  addition  of  urine.  Tunicliffe  and  Rosen- 
heim (1898)  found  that  100  c.c.  of  a  0.2%.  piperazin  urine  dissolved  0.058  gm. 
or  11.6%  of  0.5  gm.  of  added  uric  acid;  100  c.c.  of  0.1%  piperazin  urine  dis- 
solved 0.0415  gm.  or  about  8.3%.  Urine  alone  dissolved  extra  uric  acid,  and 
if  the  value  of  1  is  assigned  to  urine,  the  value  for  0.2%  piperazin  would  be 
about  13.5,  for  0.1%  it  would  be  5.7.  Piperidin  and  lysidine  were  found  to  be 
more  effective,  hexamethylenamine  less  efficient.  Weiss  (1900)  states  that 
urates  of  piperazin  and.  lysidine  are  soluble  in  water,  but  not  in  urine,  an  ob- 
jection that  cannot  be   held  against  urosin    (to  be  considered   later). 

5.     KFFECT  ON   urate;  deposits. 

Experimental  Deposits  in  Birds. — Deposits  in  the  various  organs  of  birds 
produced  by  foreign  substances  have  been  regarded  by  some  investigators  as 
the  clinical  equivalent  of  urate  deposits  in  various  disease  conditions  in  human 
individuals,  and  gouty  tophi.  It  is  apparent  that  the  conclusions  drawn  from 
such  uncertain  analogies  furnish  a  very  insecure  basis  for  the  therapeutic  ef- 
ficiency of  the  so-called  urate  solvents  in  gout  and  similar  conditions.  Never- 
theless, we  may  briefly  allude  to  the  effects  of  piperazin  in  this  interesting  avian 
condition. 

Fawcett  (1894)  observed  that  deposits  produced  in  pigeons  by  gradual 
injections  of  chromate  disappeared  after  the  injection  of  0.001  to  0.0005  gm. 
piperazin.  The  kidneys  were  found  to  be  swollen,  pale  or  mottled,  and  Fawcett 
suggests  that  as  a  result  of  the  piperazin  injections  the  outlet  for  uric  acid  was 
blocked  and  the  uric  acid  "deposited"  in  the  tissues.  Presumably  retention  of 
uric  acid  rather  than  actual  deposits  was  intended.  Practically  the  same  was 
observed  by  Meisels  (1893),  who  found  that  not  only  could  piperazin  prevent 
the  formation  of  deposits  but  also  remove  those  already  formed.  Whereas 
control  animals  showed  a  parenchymatous  nephritis  and  uric  acid  concrements 
in  the  tubules,  those  treated  with  piperazin  were  free  from  these.  Lithium  car- 
bonate and  sodium  bicarbonate  were  found  to  be  without  any  influence  on 
urate  deposits  in  birds.  Waucomont  (1912)  produced  experimental  gout  in 
chickens  by  the  feeding  of  horse  flesh,  and  observed  the  effects  of  various  urate 
solvents  on  this.  It  was  found  that  piperazin,  lycetol,  sidonal  and  potassium 
iodide  produced  no  influence  on  the  excretion  of  uric  acid,  and  most  of  these 
agents  also  did  not  influence  the  course  of  the  clinical  condition.  The  disap- 
pearance of  joint  swellings,  deposits  and  symptoms  of  gout  in  an  eight  year 
old  parrot  following  the  administration  of  piperazin  (0.08  gm.  daily)  is  re- 
ported by  Zimmermann  (1901).  However,  since  the  patient  received  bicarbon- 
ate internally,  and  salicylated  collodion  locally  together  with  the  piperazin  treat- 
ment, it  cannot  be  concluded  which,  if  any,  of  the  beneficial  effects  were  due  to 
piperazin  alone.  Biesenthal  (1893)  claims  to  have  confirmed  the  work  of 
Meisels   (1893),  and  thereby  procured  support  for  the  therapeutic  claims  made 
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for  the  drug  in  "uric  acid  diathesis."  Both  chickens  and  pigeons  were  used. 
About  7%  of  the  animals  injected  with  chromate  failed  to  respond  with  demon- 
strable urate  deposits.  Eighty  per  cent  (16)  of  the  chickens  and  82%  (14) 
of  the  pigeons  treated  with  piperazin  showed  no  deposits.  However,  since  a 
considerable  number  of  animals  fail  to  give  evidence  of  deposits  with  repeated 
injections  of  chromate,  a  large  element  of  uncertainty  must  exist  in  this  form 
of  experimentation,  likewise  in  the  conclusions  drawn  therefrom.  Propor- 
tionately for  human  individuals,  the  doses  used  by  Biesenthal  were  very  large, 
a  total  dosage  of  27  gms.  having  been  administered.  Lithium  carbonate, 
sodium  phosphate  and  borax  are  reported  by  Biesenthal  not  to  have  influenced 
the  deposits. 

Deposits  in  Gout  and  Other  Conditions. — According  to  Meyer  and  Gottlieb 
(1914)  the  view  that  piperazin  and  lysidine  cause  removal  of  retained  uric  acid 
in  the  tissues  has  been  found  to  be  erroneous.  Mordhorst  (1892)  observed 
that  piperazin  would  be  a  good  solvent  for  urates,  but  a  1%  solution,  which 
is  effective,  is  inconceivable  in  the  body,  the  concentration  in  blood  being 
about  0.0125%.  A  disappearance  of  uric  acid  crystals  in  standing  urine  was 
noticeable,  but  the  same  followed  more  completely  with  the  use  of  mineral 
waters.  Mordhorst  points  out  that  the  excretion  of  piperazin  after  internal 
administration,  its  destruction  in  part,  and  the  doubtful  affinity  displayed  by 
piperazin  for  uric  acid  being  greater  than  that  of  the  alkaline  salts  of  the 
blood  are  important  additional  reasons  wdiy  such  agents  as  piperazin  and 
lysidine  cannot  act  favorably  on  urate  deposits  in  the  living  organism.  In  a 
later  communication,  Mordhorst  (1896)  emphasizes  the  absurdity  of  expect- 
ing the  alleged  solvent  effects  of  piperazin.  He  states  that  piperazin  cannot 
act  in  the  living  organism  because  of  the  homeopathic  concentration  of  the  drug 
in  the  body,  about  1  :54,000,  and  it  must  be  remembered  that  a.  y2%  solution 
dissolves  uric  acid  very  little,  %%•  still  less  and  J^%'  not  at  all.  "It  is  therefore 
not  understandable  how  anyone  can  earnestly  believe  that  a  solution  of  this 
salt,  1  :54,000,  can  have  even  the  slightest  uric  acid  solvent  action.''  Yeo  (1909) 
quotes  Sir  Roberts  to  the  effect  that  both  piperazin  and  lithium  cannot  prevent 
the  formation  of  uratic  deposits. 

6.       EFFECT    OE    TH1-:    ADMINISTRATION    OF    PIPKRAZIN    ON    URIC    ACID 

AND    URATES. 

According  to  Haskins  (1916),  who  has  furnished  the  best  scientific  evi- 
dence on  this  subject,  piperazin  in  small  doses  does  not  affect  the  excretion  of 
uric  acid  in  urine.  Using  ])roper  controls  and  carefully  observing  the  re- 
action of  the  urine  (hydrogen-ion  concenlralion  ) ,  Ilaskins  foiniil  that  wlien 
piperazin  is  administered  in  very  large  doses  only  (extra  therai)eutic  )  there  is 
sonic  increase  in  the  excretion  f)f  uric  acid.  However,  this  was  more  effectively 
produced  by  the  administration  ot'  ordinary  alkalies  such  as  citrate  and  liicar- 
bonate  of  s(Klium.  The  use  of  large  doses  ot'  pipeiriziii  according  (o  some  clini- 
cal reports  (to  be  referred  to  later  more  fully),  is  peihaps  harmful,  and,  there- 
fore, not  justified,  i)artirularlv  in  view  of  the  fact  that  tlu'  same  object  may  be 
ittaincd  by  the  use  of  well  tried  and   relatixely  harmless  alkalies.     The  work  of 
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Haskins  is  confirmatory  of  certain  of  the  older  observers,  although  it  must  be  ad- 
mitted that  there  is  an  element  of  uncertainty  in  their  work  owing  to  the  lack  of 
proper  dietar}-  and  other  controls,  the  failure  to  realize  the  importance  of  the 
reaction  of  urine,  the  influence  of  diuresis  and  the  variable  solvent  power  of 
urine  itself.  An  exception  to  the  older  work  is  that  of  D.  D.  Stewart,  and  it 
agrees  essentially  with  that  of   Haskins. 

D.  D.  Stewart  (1893)  showed  quite  conclusively  that  medium-sized  doses 
of  piperazin  used  over  long  periods  are  without  effect  on  uric  acid  excretion. 
This  observer  carefully  studied  the  volume  of  urine,  specific  gravity,  acidity, 
urea  and  uric  acid  excretion  daily  before  and  after  the  administration  of  the 
drug  for  several  days  in  3  cases  of  renal  stone,  using  also  proper  fluid  intake  and, 
apparently,  dietary  controls.  The  dosage  of  piperazin  was  about  24  grains  (1.5 
guL)  daily  for  14  days  in  each  case.  Under  these  conditions  there  was  no  in- 
crease in  uric  acid  elimination  demonstrable  and  attributable  to  the  drug,  also  no 
increase  in  urea  excretion.  Later  observations  by  Stewart  (1894)  with  even 
larger  doses  of  the  drug,  70  grains  (nearly  5  gm.),  daily,  confirmed  his  previous 
results.  That  is,  the  excretion  of  uric  acid,  urea  and  chloride  remained  unin- 
fluenced. 

The  following  abstracts  are  cited  against  piperazin  as  a  urate  solvent: 
According  to  S.  Fraenkel  (1,912)  objective  experiments  indicate  that  the  uric 
acid  solvents,  such  as  piperazin  and  others  pertaining  to  its  class,  are  worth- 
less and  when  effects  are  seen,  these  are  produced  more  by  other  conditions. 
Percy  May  (1911)  is  of  a  similar  opinion;  namely,  that  while  some  benefit 
may  be  derived  from  the  administration  of  the  piperazin  class  of  urate  remedies, 
this  is  not  due  to  their  solvent  action  on  the  uric  acid.  The  employment  of 
these  bases  as  uric  acid  solvents  is  fallacious  because  there  is  always  sufficient 
sodium  present  in  the  body  to  form  the  sparingly  soluble  sodium  urate.  Further, 
owing  to  the  detrimental  effects  of  small  quantities  of  sodium  chloride  on  the 
solvent  power  of  piperazin,  and  the  fact  that  it  is  to  a  large  extent  destroyed 
in  the  body,  leaving  only  a  small  quantity  unchanged  in  the  urine,  the  uric 
acid  solvent  action  of  the  drug  on  internal  administration  seems  very  problematic 
(Heinz  1907).  According  to  Cushny  (1910)  the  urine  of  patients  receiving 
piperazin  has  no  more  solvent  action  on  uric  acid  than  urine  itself;  and  what- 
ever piperazin  escapes  into  the  urine  is  in  combination  with  the  stronger  acids 
and  not  uric  acid.  Hare  (1905)  states  that  repeated  clinical  observation  has 
shown  that  the  administration  of  the  drug  causes  an  increase  in  the  amount  of 
urea  in  the  urine  with  decrease  in  uric  acid  indicating  that  under  its  influence 
oxidation  is  more  complete.  He  gives  no  data.  Various  conditions  in  which 
piperazin  is  used  and  recommended  are,  in  Hare's  experience,  not  benefited  by 
the  administration  of  the  drug.  Likewise  Penzoldt  (1900)  claims  he  could 
recognize  no  influence  by  piperazin  medication  on  the  decrease  of  uric  acid 
excretion.  Poullson  (1912)  doubts,  (for  well  known  reasons,  previously  men- 
tioned), whether  piperazin  has  ability  to  dissolve  uric  acid  in  the  organism. 

In  a  case  of  leukemia  which  showed  increased  uric  acid  excretion  and  urate 
deposits  in  urine,  Bohland  (1894)  found  that  during  piperazin  treatment,  as 
well  as  with  potassium  bicarbonate,  and  when  no  urate  solvent  was  administered, 
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the  excretion  remained  the  same.  In  spite  of  large  doses,  piperazin  did  not 
affect  the  deposits  but  these  were  removed  by  potassium  bicarbonate.  Eb- 
stein  and  Sprague  (1891)  administered  14  grams  of  piperazin  within  7  consecu- 
tive days  and  carefully  observed  the  quantity  of  uric  acid  excreted  together 
with  proper  control  of  dietary  and  fluid  intake.  There  was  only  a  slight,  and 
practically  negligible  increase  in  uric  acid  excretion,  the  urine  output  during 
this  time  being  variable.  Fauvel  (1908)  found  that  small  doses  of  piperazin 
(1  gm.  daily)  diminished  the  excretion  of  endogenous  uric  acid,  the  diet  dur- 
ing this  time  being  purin  free,  but  when  the  dosage  was  increased  (2  to  4  gm. 
daily)  the  excretion  of  uric  acid  was  increased,  but  not  above  the  c[uantity  be- 
fore piperazin  was  ingested. 

Ortner  (1908)  claims  tliat  piperazin  seems  in  some  cases  to  be  effective 
as  a  therapeutic  agent,  its  action  being  explained  by  its  power  to  dissolve  uric 
acid.  However,  Ortner  emphasizes  that  he  never  prescribes  piperazin  alone, 
but  with  a  bottle  of  Seltzer,  Preblau  or  soda  water,  to  which,  no  doubt,  may 
be  ascribed  a  considerable,  if  not  the  greater,  share  of  the  supposed  solvent 
action.  Using  the  colorimetric  method  of  Folin,  Robertson  (1914)  observed 
that  piperazin  as  well  as  a  number  of  other  substances  (pituitary,  saline,  Ba  CU, 
caff'eine  and  Na,  S  O4)  produced  in  hens  no  changes  in  uric  acid  excretion  suf- 
ficiently independent  of  urine  flow  to  suggest  any  specific  effect  of  the  agents 
used. 

The  following  is  a  summary  of  reports  favorable  to  piperazin,  though 
scientifically  not  acceptable : 

Abl  (1913)  claims  that  piperazin  produced  an  increase  in  the  urinary  ex- 
cretion of  uric  acid,  and  the  same  is  reported  by  Abl  for  a  number  of  diverse 
agents  such  as  mustard,  arsenic,  colchicine,  thorium  X,  sulfur,  choline,  chloral 
hydrate,  neurine  and  strontium !  The  mechanism  of  action,  Abl  believes,  is 
located  in  the  intestine.  However,  it  seems  quite  probable  that  diuresis  at 
least  in  part  (contrary  to  the  claim  of  the  author)  and  other  factors,  such  as 
disease,  destruction,  circulatory  changes,  etc.,  were  responsible  for  the  results 
reported  by  Abl.  Attaix  (1896)  made  the  claim  that  the  quantity  of  uric  acid 
and  urates  is  augmented  proportionately  to  the  urea.  This  and  other  claims  of 
this  author  are  not  supported  by  any  discoverable  scientific  data.  The  effect 
of  piperazidin  on  the  excretion  of  uric  acid  was  studied  by  Bardet  (1891),  but 
with  no  urinary  or  dietary  controls,  rendering  it  impossible  to  draw  any  con- 
clusions from  the  work.  Goodbody  (1896)  administered  piperazin  in  1  gm. 
daily  doses  for  9  days,  and  2  gm.  daily  during  the  next  5  days,  maintaining  the 
diet  and  fluid  intake  constant.  Under  these  conditions  uric  acid  excretion  in- 
creased from  0.31  to  0.34  gm.  on  the  1  gm.  dosage,  and  c\cntually  increased  to 
0.37  gm.  with  the  2  gm.  dosage.  Goodbody  concluded  that  administration  of 
piperazin  increases  the  elimination  of  uric  acid,  not  by  increased  formation,  but 
by  rendering  the  blood  more  capable  oi  removing  it  from  the  tissues  by  in- 
creasing its  solvent  power.  However,  it  must  be  urged  thai  these  differences 
are  small  and  within  rirdinary  variations,  as  indicated  by  Goodbody 's  own  re- 
sults  before   the   administration   of   the   drug.      T'inally.    granted    that    piperazin 
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produced  this  increase  in  the  excretion  of  uric  acid,  it  is  so  small  and  the  dosage 
so  large,  and  the  duration  of  administration  so  long  that  it  would  be  practically 
valueless,  uneconomical  and  undesirable. 

7.      EFFECT   ox    DIURESIS. 

There  are  many  statements  in  the  literature  to  the  effect  that  piperazin  can 
favorably  influence  diuresis,  but  the  scientific  evidences  for  this  are  deficient. 
Attaix  (1896)  makes  the  statement  that  piperazin  lessens  the  density  of  urine 
and  acts  as  a  powerful  diuretic.  However,  in  view  of  the  fact  that  only  im- 
perfect data  are  cited  in  connection  with  a  single  observation  of  his  own, 
Attaix's  conclusion  is  unjustified.  The  more  careful  observations  of  Bohland 
(1894)  showed  that  piperazin  did  not  change  the  quantity  of  urine  voided  in  24 
hours.  Ebstein  and  Sprague  (1891)  also  found  that  while  the' urine  output 
during  administration  of  piperazin  was  variable,  there  was  no  marked  change 
from  diuresis  before  piperazin.  Fraenkel  (1912)  referring  to  the  general  group 
of  urate  solvents,  including  piperazin,  states  that  these  agents  possess  chiefly 
a  diuretic  action,  and  dilution  of  urine  facilitates  excretion  of  uric  acid.  This 
statement,  however,  is  unsupported  by  any  data.  Goodbody  (1896)  admin- 
istered piperazin  ( 1  to  2  gm.  daily)  for  several  days  (14)  to  an  individual 
whose  urine  exhibited  deposits  of  uric  acid  gravel  regularly  (using  proper 
dietary  and  fluid  intake  controls)  and  found  that  1  gm.  of  piperazin  increased 
the  volume  of  urine  from  1103  c.c.  to  1476  c.c,  and  2  gm.  caused  a  further  in- 
crease to  1680  c.c.  A  closer  inspection  of  Goodbody's  tables  reveals  the  fact  that 
diuresis  before  administration  of  the  drug  was  variable,  and  on  certain  days  before 
treatment  with  piperazin  the  values  are  as  great  as  those  during  piperazin  periods. 
It  is  hardly  permissible,  therefore,  to  ascribe  any  great  importance  to  these  re- 
sults, particularly  since  the  loss  of  water  by  other  channels  (sweat  and  the 
intestine)  have  not  been  considered.  Heubach  (1891-92)  administered  2.5,  1 
and  2  gm.  piperazin  on  the  first,  second,  and  third  days,  respectively,  to  two 
different  indixiduals  and  observed  that  only  a  slight  increase  in  urine  output 
occurred  with  no  diminution  in  specific  gravity.  Robert  (1897)  states  that 
all  of  the  following  are  diuretic  in  doses  of  1  to  2  gm.  per  day ;  piperazin, 
lycetol,  lysidine  and  hexamethylenaniine.  and  that  they  may  act  in  part  by  re- 
moval of  water;  but  the  evidence  for  this  is  lacking.  D.  D.  Stewart,  (1893) 
administered  18  to  30  grains  (1.1  to  2  gm.)  daily  of  piperazin  over  long  periods 
of  time  (14  days)  consecutively  in  3  cases  of  renal  stone  and  observed  an  in- 
crease in  urine  volume  in  one  case  which  could  be  explained  by  a  hydronephrosis 
present  that  disappeared  following  an  operation  for  removal  of  the  stone.  In  a 
later  communication,  D.  D.  Stewart  (1894)  claims  that  two  different  prepara- 
tions of  piperazin  used  had  invariably  a  diuretic  influence.  The  elimination  of 
urea  and  chloride  at  the  same  time  remained  unaltered.  W'ittzack  (1893)  also 
claims  that  piperazin  (using  about  10  gm.  per  day)  caused  an  increase  in 
diuresis.  However,  it  is  not  clear  whether  the  fluid  intake  was  controlled. 
Umpfenbach  (1891)  is  reported  to  have  observed  a  favorable  influence  on  the 
quantity  of  urine  excreted,  and  on  the  nerves  and  muscle  of  the  bladder. 
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8.      EFFECT    OX    THE    REACTION    OF    URINE. 

The   scientific  data  on   this   are   conflicting,   ahhough   most   clinicians   seem 
to  be  of  the  opinion  that  the  reaction  is  unchanged.     Aside  from  the  observa- 
tions of  Haskins  (1916)   there  are  no  data  in  the  Hterature,  so  far  as  I  know, 
regarding  the  true   reaction    (i.e.,   hydrogen-ion   concentration)    of   urine  as   in- 
fluenced by  piperazin.     Haskins  found  that  the  direct  addition  of  piperazin  or 
lysidine  to  acid  urines  lowers  the  hydrogen-ion  concentration    (from   5   to  7.4 
with  a  piperazin  concentration  of  0.68%),  i.e.,  the  reaction  was  alkahne.     How- 
ever,   after    administration,    the    reaction    of    urine    was    uninfluenced    and    fre- 
quently remained  acid.     The  reactions  referred  to  in  the  following  papers  are 
presumably  in  many  cases  intended  to  convey  changes  with  litmus,  in  others,  by 
titration.     Owing  to  these  uncertainties,   the    value    of    the    abstracts    is   con- 
siderably  diminished.     Nevertheless,   it   seemed  worth  while  to   refer  to   them. 
Biesenthal    (1892),   citing   the   advantages   of   piperazin   over   ordinary   al- 
kalies and  waters,   states  that  after  prolonged  administration  of  piperazin   the 
urine  remains  acid,  but  he  gives  no  scientific  data.     Bohland  (1894)  claims  that 
the  administration  of  piperazin  in  a  case  of  leukemia  slightly  lowered  the  acidity 
of  urine.     Goodbody    (1896)   made  observations  as   follows:     The  addition  of 
0.1  gm.  piperazin  to  220  c.c.  of  urine  from  a  patient  suffering  with  uric  acid 
gravel,  and  0.2  gm.  to  the  same  volume  of  urine  from  another  patient  whose 
urine   regularly   deposited   urate,   increased   the   acidity    from   0.41%    to  0.44% 
(NaOH)  in  24  hours  and  0.39%  to  0.40%  in  36  hours,  respectively.     In  5  cases 
the  acidity  of  the  urine  was  reduced  from  an  average  of  0.39%  to  0.38%  by  the 
administration  of  0.2  gm.   piperazin.      These  difl^erences  are   so   small  as  to   be 
Ipractically    negligible.       Further    observations    by    Goodbody   on   the   effect  of 
prolonged   administration  of  piperazin   in  doses   ranging   from    1   to  2   gm.   per 
!day  gave  the  following  results :     The  average  during  normal  days  was  0.46% 
XaOH,  and  this  fell  to  0.36%   on  1  gm.  piperazin  daily;  0.2  gm.  piperazin  daily 
aused   a   further   fall   to  0.30^^  .      The   conclusion   reached   was   that   piperazin 
aas  the  power  to  diminish  the  acidity  of  urine.     It  must  be  pointed  out,  how- 
ever, that  this   does   not  necessarily  mean   there   was   a   reduction   in   the   true 
■eaction  of  the  urine.     Fauvel    (1908)    found   that   the  reaction   of   urine    from 
ndividuals  on  a  ])urinc  free  •fliel  was  uncliangcd  b\'  small    (1   gm.)   or  larger   (2 
o  4  gm.)   daily  dose  of  piperazin.     Tlu'  administration  of  2.5,   1   and  2  gm.  of 
he  drug  on  the  first,  second,  and  third  days,  resi)eclively,  bv   llcubach   (1891- 
>2)    had   no   influence  on    the   reaction   nf   the   urine,    which    remained   acid.      In 
he  experience  (jf  Mordhorst    (  1S<^2)    piperazin  causes  onI_\-  a  small   reduction  in 
rinary  acidity.     In  his  observations,  1).  1).  Stewart   (1893,   l.S<H)    foiwid  that  the 
cidity  of  urine  was  not  a])preciably  affected  b\-  the  administration  oi'  ])iperazin. 
n  the  other  hand,   Wittzack    (1893)    claims   the   acidity   of   urine   is   lowered, 
e  urine,  however,  never  becoming  neutral  or  alkaline.      It   is  not   clear  w  hetiier 
'■  inlluence  of  dietar\-  in   W  ittzack's  work   was  excludeil  or  not. 
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9.      EFFECT  OF  THE  ADMINISTRATION   OF   PIPERAZIN  ON   CAECULI. 

This  feature  of  piperazin  therapy  has  undoubtedly  been  exaggerated.  The 
statements  and  opinions  held  regarding^  the  favorable  influence  that  piper- 
azin treatment  is  alleged  to  possess  on  the  removal  and  solution  of  calculi  are 
unsupported  by  a  single  iota  of  scientific  evidence.  For  instance,  the  claim  of 
Biesenthal  (1892)  for  the  superiority  of  piperazin  over  alkaline  mineral  waters 
as  a  preventive  of  stone  formation  is  made  without  foundation  of  fact.  He 
also  makes  the  surprising  claim  that  alkaline  mineral  waters  lead  to  stone  for- 
mation because  of  phosphate  precipitation.  Cushny  (1910)  observes  that  piper- 
azin has  not  been  shown  to  be  of  any  value  in  the  treatment  of  calculus.  Re- 
ferring to  its  use  as  a  preventive  of  the  formation  of  renal  and  vesical  calculi 
and  other  conditions,  Hare  (1905)  states  that  he  has  failed  to  obtain  any  results 
from  the  use  of  this  drug  in  practice.  Fawxett  (1894)  made  observations  as  fol- 
lows: An  individual  was  given  15  grains  (about  1  gm.)  piperazin  daily  for  2 
weeks.  The  24-hour  specimens  of  urine  (preserved  wdth  choloform)  were  col- 
lected and  allowed  to  drip  over  a  stone  for  the  next  24  hours  kept  at  body  tem- 
perature. Two  such  experiments  are  reported.  In  one  experiment  the  stone 
weighed  2.4  gm.  before  the  experiment  and  2.404  gm.  at  the  end  of  the  first 
w^eek  during  treatment.  The  same  stone  in  the  second  experiment  weighed 
2.4435  gm.  before  and  2.6155  gm.  at  the  end  of  the  second  week.  The  stone 
contained  78.5%  uric  acid  by  analysis.  The  same  individual's  urine  was  again 
collected  for  14  days,  piperazin  (1  :1000)  added  to  it  and  a  portion  of  the  same 
stone  used  in  the  previous  experiments  was  added  to  it  and  another  portion  to 
water  containing  1  :1000  piperazin.  No  solvent  action  was  observed  by  piper- 
azinized  urine,  but  complete  solution  took  place  in  the  water.  Fawcett's  simple 
though  ingenious  experiments  demonstrate  clearly  the  inefficiency  of  piperazin- 
ized  urines,  obtained  either  by  administration,  or  by  addition  of  the  drug  directly,  , 
to  dissolve  urate  stone. 

Maramaldi  (1897)  reports  rather  optimistically  that  piperazin  has  the  power 
to  give  specific  symptomatic  relief  in  renal  colic  due  to  calculus,  because,  as  j, 
he  puts  it,  "the  patient  claimed  to  feel  like  a  new  born  man"  after  1  gm.  piper-  jj 
azin  per  day.  Morphine  and  other  measures  had  been  previously  used,  how- 
ever, without  eft'ect.  No  objective  evidence  is  ofl:ered.  From  experiments  on 
pigeons,  in  whom  it  is  claimed  experimental  urate  deposits  were  successfully 
prevented  and  removed  by  the  administration  of  piperazin,  M'eisels  (1893)  de- 
clares piperazin  can  easily  dissolve  uric  acid  calculi  in  dilute  solutions,  being 
superior  in  this  respect  to  sodium  borate  and  phosphate,  and  that  the  results 
with  the  drug  clinically  are  gratifying.  No  clinical  data  are  furnished  by 
Meisels.  Beneficial  symptomatic  relief  in  individuals  suffering  with  calculi 
is  claimed  by  D.  D.  Stewart  (1894)  wdiose  W'Ork  with  the  urate  solvents  is 
more  critical  than  that  of  his  contemporaries.  However,  Stewart  makes  it 
plain  that  the  beneficial  action  cannot  be  explained  by  uric  acid  excretion  and 
prefers  to  leave  the  mechanism  of  action  unexplained. 

The  observations  of  Mendelsohn   (1892)   cast  doubt  on  the  alleged  solvent 
action  of  piperazin  for  calculi.     Mendelsohn  found  that  while  piperazin  in  water 
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dissolves  uric  acid  calculi,  no  solution  either  of  stones  or  uric  acid  takes  place 
in  piperazinized  urine.  He  explains  also  that  no  better  results  can  be  hoped  for 
from  injections  of  solutions  of  piperazin  into  the  bladder  because  they  can  be 
retained  for  2  to  3  hours  only  and  the  solvent  effect  would  decrease  with 
the  advent  of  urine,  rendering  the  solvent  power  of  piperazin  practically  use- 
less, all  of  which  clearly  emphasizes  the  fact  that  when  piperazin  is  used  under 
conditions  of  the  body  no  beneficial  effect,  or  solvent  action  of  the  drug,  is 
demonstrable.  Mordhorst  (1896),  whose  work  has  been  cited  in  another  place, 
also  clearly  explained  why  no  beneficial  therapeutic  action  may  be  expected 
from  the  so-called  urate  solvents.  Penzoldt  (1900)  concurs  in  this  view,  also 
Poullsson  (1912).  H.  C.  Wood  (1902)  is  of  the  opinion  that  while  piperazin 
may  be  of  service  as  a  solvent  of  uric  acid  gravel,  it  will  not  dissolve  a  ready 
formed  calculus  in  the  bladder. 

10.      EF^FECT   OE   PIPERAZIN    IN    GOUT. 

The  uncertain  role  that  uric  acid  plays  in  the  etiology  and  symptomatology 
of  gout  has  not  prevented  certain  clinicians  from  frequently  recommending  the 
so-called  urate  solvents  as  beneficial  therapeutic  agents  in  this  condition.  In 
view  of  the  etiologic  uncertainty,  the  use  of  such  agents  is  certainly  irrational. 
That  the  value  of  so-called  urate  solvents  in  gout  may  be  considered  negligible 
is  amply  confirmed  by  the  reports  in  the  literature  which  are  conspicuous  for 
lack  of  scientific  evidence;  judgment  being  further  impaired  because  of  the 
influences  of  other  attending  circumstances,  various  unknown  factors,  and  al- 
lied medication.  The  following  abstracts,  therefore,  possess  only  the  value  that 
may  be  attached  to  opinion  unsupported  by  scientific  evidence. 

Heinz    (1907)    states  that  piperazin  has  been   administered  very  much   in 
gout   and   "uric   acid   diathesis"   without   promising   results.      Penzoldt    (1900) 
agrees  with  this.     Because,  as  Robert  (1897)  supposes,  the  so-called  urate  sol- 
vents act  as  diuretics,  it  is    suggested  that  they  act  in  gout  by  removal  of  water. 
However,  Robert's  supposition  regarding  diuresis  is  not  borne  out  by  the  facts. 
D.  D.  Stewart  (1894)  thinks  that  piperazin  gives  relief  in  gouty  attacks.     He  is 
not  clear  as  to  how  this  is  brought  about,  but  he  agrees  that  it  certainly  cannot 
|be  explained   by   any  influence   on   the   excretion   of   uric   acid.      Zimmcrmann 
(1901)  reports  gout  in  a  parrot  as  having  been  permanently  benefited  by  the  ad- 
ministration of  piperazin.     However,  the  bird  also  received  sodium  bicarbonate 
nternally,  and  salicylated  collodion  locally,  rendering  it.  therefore,  rather  diffi- 
cult to  ascribe  the  beneficial  eft'ects  observed  to  any  one  particular  agent.     At- 
aix  (1896)    reports  a  case  of  gout,  which  had  previously  been  treated  witii 
:olchicum  and  salicylate,  but  without  response.     The  attacks,  it  is  claimed,  were 
)revented  by  piperazin.     Riesenthal  and  Schmidt   (1892)   cite  5  cases  reported 
)y  Bardet  who  is  said  to  have  demonstrated  an  increase  of  uric  acid  excretion 
n  gout,  but  neither  the  data   nor   the  conditions  umK'r   which   these   were   ob- 
ained  is  mentioned. 

In  contrast  to  all  this  may  be  cited  the  paper  of  I'awcclt  (1S<)4)  as  tiie 
Illy  piece  of  scientific  evidence  available.  Using  tlu-  iio])kins  (|uaiilitalive 
lethod  for  uric  acid,  and  suitable  controls,   Fawcelt   found   that  i)iiierazin  e\- 
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erted  no  effect  on  the  excretion  of  this  metabohte  in  gout,  or  on  the  relief  of 
the  symptoms.  He  concluded  that  piperazin  is  not  as  valuable  as  certain  drugs 
already  recognized  for  the  treatment  of  this  condition. 

11.      UNDESIRABLE  ACTIONS  OF  PIPERAZIN. 

Several  reports  in  the  literature  indicate  that  the  administration  of  piper- 
azin may  be  attended  with  or  followed  by  albuminuria,  urticaria  and  other  un- 
desirable objective  and  subjective  symptoms.  Albuminuria  due  to  piperazin 
has  been  claimed  by  Rorig  (1893).  R5rig  reported  repeated  albuminuria  in  an 
individual  who  had  had  nephritis,  but  did  not  show  albuminuria  before  the  ad- 
ministration of  the  drug.  Slaughter  (1896)  reports  symptoms  of  collapse  in 
an  individual  following  the  administration  of  20  grains  in  a  pint  of  water.  Bie- 
senthal  (1891;  1893),  however,  claims  that  large  doses  of  6  gm.  cause  no  dis- 
turbance of  renal  function.  In  criticizing  the  report  of  Rorig,  Biesenthal  states 
that  the  picric  acid  reagent  for  albumin  also  gives  a  precipitate  with  piperazin 
which  appears  in  urine  after  administration,  and  therefore  is  not  characteristic. 
Bradford  (1892)  observed  urticaria  in  a  patient  with  gouty  tendency  follow- 
ing the  ingestion  of  about  1  gm.  of  piperazin.  but  inasmuch  as  the  individual 
complained  of  digestive  disturbance  and  had  also  received  phenacetin,  salol  and 
local  applications  it  is  apparent  that  no  definite  conclusions  regarding  piper- 
azin alone  can  be  made.  Headache  and  some  vomiting  after  doses  of  2.5  gm. 
were  experienced  by  Heubach  (1891).  In  phloridzinized  dogs  piperazin  com- 
pletely inhibits  the  glycosuria,  and  after  14  days'  treatment  of  a  diabetic  patient 
with  1  to  1.5  gm.  doses  (total  3),  the  sugar  excretion  fell  from  8  to  3.3% 
(Hildebrandt,  1893).  The  activity  of  hydrolytic  ferments  was  also  found  to 
be  checked.  Gruber  (1893)  reports  similar  results.  Rabbits  tolerate  0.5  to  1 
gm.  hypodermically  according  to  Van  der  Klip  (1892).  D.  D.  Stewart  (1894) 
states  that  following  the  administration  of  70  grains  of  the  drug  per  day  there 
were  intermittent,  clonic  spasms  of  extremities,  muscular  prostration,  incoherence, 
incoordination,  tremors,  and  these  symptoms  disappeared  30  hours  after  onset. 
Tremor,  malaise  and  nausea  were  observed  with  smaller  doses.  According 
to  Wittzack  (1893)  subcutaneous  injections  of  piperazin  are  painful.  Wood 
(1902)  claims  to  have  observed  muscular  weakness  and  general  depression  I 
following  continuous  exhibition  of  large  doses.  Therapeutic  doses  in  man,  how- 
ever, produced  no  symptoms.  Van  der  Klip  (1902)  observed  that  sufficiently 
large  doses  of  piperazin  cause  vomiting,  irregular  breathing,  general  muscular 
weakness  and  relaxation.  The  dissociation  of  oxygen  from  hemoglobin  wa- 
lessened  in  a  concentration  of  1:5000;  a  0.59c  solution  favored  the  coagulation 
of  blood  and  the  action  of  peptonizing  ferments  was  checked.  Bohland  (1894) 
also  claims  piperazin  lessens  the  oxygen  liberating  property  of  hemoglobin  be- 
cause the  spectroscopic  band  of  oxyhemoglobin  remained  unchanged  for  day- 
and  w-eeks.  According  to  Bohland  piperazin  is  also  an  antiseptic  and  cause: 
hemolysis.  On  the  other  hand,  Cushny  (1910)  states  that  piperazin  seems  U 
induce  no  symptoms  in  man  or  animals  even  when  used  in  large  quantities. 
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12.      FATE  AXD  EXCRETION  OF  PIPERAZIN. 

This  is  of  importance  in  connection  with  the  therapeutic  use  of  the  drug 
as  a  urate  solvent,  for  if  piperazin  is  largely  destroyed  in  its  passage  through 
the  body,  much  could  not  be  expected  of  its  supposed  solvent  action  in  urine. 
According  to  Mordhorst  (1898)  excretion  of  the  drug  itself  occurs  in  urine, 
but  so  much  is  destroyed  that  a  considerable  reduction  of  the  concentration 
occurs  in  the  body.  Van  der  Klip  (1892)  detected  the  drug  in  4  hours  in  rab- 
bit's urine.  Neubauer  and  Vogel  (1898)  state  that  the  greater  part  of  the 
drug  is  excreted  in  a  few  hours ;  the  excretion  lasts  a  few  days,  and  the  drug  ap- 
pears unchanged  in  the  urine.  According  to  Wood  (1902)  piperazin  is  rapidly 
absorbed  and  eliminated  by  the  kidneys  producing  a  reddish-brown  urine.  With 
the  aid  of  the  bismuth-iodide  reagent,  Helbing  and  Passmore  (18,94)  claim  to 
have  determined  that  the  greater  part  (11  grains)  of  15  grains  of  piperazin 
was  excreted  unchanged.  By  means  of  the  same  reagent,  Zimmermann  (1901) 
demonstrated  the  presence  of  piperazin  in  the  cloacal  contents  of  a  parrot.  Bie- 
senthal  (1893)  claims  piperazin  is  excreted  into  the  urine  as  such.  Cushny 
(1910),  however,  states  that  but  very  little  of  the  drug  reappears  in  urine,  and 
what  escapes  in  this  way  is  in  combination  with  the  stronger  acids  and  not 
uric  acid.  Fraenkel  (1906)  states  that  piperazin  passes  unchanged  in  urine, 
and  is  excreted  rather  rapidly,  oxidation  also  taking  place.  The  opinion  in 
general  seems  to  be  that  piperazin  is  decomposed  to  a  certain  extent  and  bound 
with  acids  in  the  body,  and  in  this  way  robbed  of  any  activity  it  may  possess 
(Poullsson,  1912;  Heinz,  1907). 

13.      OTHER  URATE  SOLVENTS. 

Lycctol. — Chemically  this  is  dimethyl  piperazin  tartaratc.  Its  structural 
formula  is 

CH    (CH3)  .  CH, 

NH  XH.COOH.CH(OH).CH(OH).COOH. 

\  / 

CH,   (CH)    .   CH, 

[he   behavior  of   lycetol    in   the   body   differs   in    no   particular    from   piperazin 
Fraenkel,    1906).      Anthony    (1895)    claimed   beneficial    results    in    0   cases  of 
ifavel.     However,  in  the  absence  of  any  data  whatsoever,  this  report  may  be 
egardcd  as  a  mere  testimonial.     Basile    (1901)    observed  that  lycetol  can  dis- 
olve  added  uric  acid,  but  that  it  is  variable,  the  differences  being  due  to  vari- 
ble  (|ualities  of  urine.     Added  to  urine  in  the  concentration  of  1'/,  lycetol  dis- 
ilved   about   O./'r    uric   acid,    whereas   after   administration,    the    (.■xcreted    por- 
on  in  urine  dissolved  only  about  0A''/( .     J^ycetol.  therefore,  loses  considerable 
ric  acid  solvent  power  by  passing  through  the  body.     So  far  as  urate  calculi 
:  'e  concerned,   \^'/(    lycetol  dissolved  altout  0.15   to  0.25''/;'    of  urie  acid,  but    had 
ily  a  weak  effect  on  mixed  calculi.     P)asile  also  stuihcd  the  effects  of  the  ad- 
inistration  of  lycetol  to  2()  patients  and  concluded  as   follows:     Diuresis  was 
igmented   (from  910  to  1100  c.c.)  ;  gravel  disappeared   from  urine;  the  quan- 
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tity  of  uric  acid  excreted  remained  small  or  uninfluenced  in  the  beginning,  but 
later  was  augmented;  clinically  the  patients  who  suffered  with  "uric  acid  dia- 
thesis" became  improved;  the  specific  gravity  of  urine  was  not  appreciably 
reduced;  urinary  acidity  was  diminished,  some  urines  becoming  neutral,  others 
alkaline.  Beneficial  results  in  gout  and  sciatica  are  also  claimed  by  Basile. 
\\'hile  the  relief  in  the  various  conditions  was  attributed  by  Basile  chiefly  to  the 
urate  solvent  power  of  lycetol,  this  can  hardly  be  the  case  altogether  because  of 
the  small  and  uncertain  uric  acid  values  reported  by  him,  the  uncertainty  of  fac- 
tors influencing  this,  and  because  of  the  possibility  of  spontaneous  relief  in 
these  conditions  without  drugs.  In  much  the  same  way  may  be  regarded  the 
symptomatic  relief  in  gout  and  sciatica  reported  by  De  ToUenaere  (1897). 

Hoven  (1898)  reported  beneficial  results  with  1  gm.  of  the  drug  in  gouty 
individuals,  and  attributed  this  favorable  action  to  increased  alkalinity  of  the 
blood  and  urine,  but  these  conclusions  are  not  justified  for  lycetol  alone  because 
of  the  simultaneous  use  of  other  medication  such  as  magnesia  usta  and  liberal 
quantities  of  mineral  water.  8.9%  of  added  uric  acid  was  dissolved  by  lycetol 
at  room  temperature  as  observed  by  Meisels  (1902).  However,  the  nature 
of  the  solvent  (urine  or  water)  is  not  stated  in  the  only  abstract  available.  Lyce- 
tol has  no  influence  on  the  excretion  of  uric  acid  by  birds  with  experimental 
gout   (Waucomont,  1912).     The  clinical  condition  was  also  uninfluenced. 

Sidonal. — This  is  a  piperazin  salt  of  quinic  acid,  called  piperazin  quinate 
and  possesses  the  following  chemical  formula 

/CH.  CH,\ 
NH  NH   .  2CeH,   (OH) 4  .    COOH. 

\CH2  CH,/ 

The  effects  on  uric  acid  or  urate  should  dift'er  in  no  essential  respect  from 
the  effects  of  the  individual  components,  and  this  seems  to  be  the  case  accord- 
ing to  the  reports  in  the  literature.  Bardet  (1901)  administered  3  to  5  gm. 
of  the  drug  daily  to  3  patients  and  observed  its  effect  on  diuresis,  uric  acid 
excretion  and  reaction  of  urine.  It  was  found  that  these  remained  practically 
uninfluenced.  According  to  Blumenthal  (1900)  the  excretion  of  uric  acid  is 
reduced  by  40  to  50%  with  daily  injections  of  5  to  8  gm.  of  the  drug,  and  in 
place  of  uric  acid,  hippuric  acid  appears  in  the  urine.  Mylius  (1900)  makes 
a  favorable  report,  unaccompanied  by  any  data,  on  the  use  of  sidonal  in  gout. 
Rosenthal  (1900)  reports  that  in  a  case  of  gout  the  administration  of  100  gm. 
of  sidonal  led  to  the  reduction  of  uric  acid  in  urine  from  0.75  gm.  per  liter  to 
0.332  gm.  and  that  the  tension  of  the  skin  over  the  tophi  and  redness  disap- 
peared. After  a  pause  of  3  weeks,  100  gm.  of  sidonal  was  administered  with 
similar  improvement.  This  was  repeated  again  in  3  months,  and  6  months  later 
the  condition  is  said  to  have  remained  permanently  improved.  Klemperer 
(1900)  is  dubious  about  the  therapeutic  value  of  sidonal  in  gout  because  the 
value  of  piperazin  has  not  been  demonstrated  and,  in  his  experience,  quinic 
acid  is  also  worthless.  The  experiments  of  Foerster  (1899)  showed  that  tht 
administration  of  sidonal  (to  six  patients)  causes  no  important  differences  ii 
the  excretion  of  uric  acid.     10  to  25  gm.  of  the  drug  were  used  daily  for  . 
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to  5  days  using  suitable  controls.  Foerster  could  not  confirm  the  reported 
claims  of  his  day,  and  pointed  out  that  some  other  explanation  for  the  re- 
ported effects  must  be  sought  rather  than  the  drug  itself.  Meisels  (1902)  re- 
ports that  sidonal  dissolves  35.5%  of  added  uric  acid,  but  the  temperature  and 
solvent  used  are  not  stated  in  the  only  report  available.  Schlayer  (1900)  re- 
ports such  beneficial  efl:'ects  as  reduction  in  uric  acid  excretion  from  the  ad- 
ministration of  sidonal  to  6  cases  of  "uric  acid  diathesis,"  increased  diuresis, 
dhninished  turbidity  of  urine  and  lessening  of  renal  pains  in  an  individual  with 
renal  stone,  \\-aucomont  (1912)  observed  no  beneficial  effects  on  the  clinical 
condition  of   experimental  gout  in   birds. 

Quinic  Acid.—This  is  closely  related  to  benzoic  and  other  aromatic  acids. 
Its  formula  is 

H 
C— OH 

y  \ 

HC  CH— CH 

I  I 

HC  CH 

\   / 

C— OH 
COOH. 

It  has  been  recommended  as  a  urate  solvent,  but  its  mode  of  action  has  re- 
^mained  unexplained.  It  has  recently  been  shown  by  Denis  (1,915)  that  the 
ladministration  of  quinic  acid  has  little  or  no  effect  on  the  uric  acid  content 
of  urine  or  blood,  leaving  the  threshold  of  the  kidney  for  uric  acid  unaffected, 
and  differing  in  this  respect  from  salicylate  and  atophan.  Likewise  the  in- 
formation obtained  from  the  literature  referred  to  in  this  section,  indicates  that 
quinic  acid  possesses  no  special  virtues  as  a  urate  solvent. 

According  to  Cushny  (1910)  quinic  acid  has  no  effect  Avhatever  on  the 
luantity  of  uric  acid  excreted.  Foerster  (1900)  claimed  to  have  demonstrated 
m  increase  in  uric  acid  excretion,  and  urine  output  following  the  administra- 
lon  of  a  total  of  50  gm.  in  several  days.  Unfortunately  the  results  are  com- 
)Iicated  by  the  simultaneous  administration  of  thymus  gland.  Fraenkcl  (1912) 
tates  that  Weiss  observed  a  diminution  in  uric  acid  excretion.  Hupfer  (1903), 
lovvever,  denies  the  lessening  effect  on  uric  acid  excretion  ])y  quinic  acid.  The 
xperiments  of  Meisels  (1902)  on  pigeons  with  artificial  urate  deposits  seem 
0  indicate  that  quinic  acid  is  less  efficient  than  sidonal  as  an  inhibitor  of  the 
[eposits.  In  human  individuals  sidonal  increased  the  excretion  of  uric  acid 
Irom  0.3289  to  1.968  gm.  'J'aUavall  and  Cxics  (1903)  found  that  in  dogs  on  con- 
tant  diets,  quinic  acid  (1  to  20  ^m.  in  10  days)  did  not  aff'ect  the  climinali.m 
f  uric  acid.  This  agrees  with  the  observations  of  Hupfer  on  lunnan  in.livid- 
ak  This  was  further  confirmed  by  Ulrici  (1901),  who  also  showed  that 
Liinic   acid   does    not    influence    nitrogenous    metabolism. 

Lysidin.^Chvnm-AUy    iliis    is    clhylen-ethylen    diamine,    and    the    torniiila    is 

CH.,   .       N\ 

I  C   .   CH3. 

CH2   .    K\]/ 
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Lysidine  is  said  to  possess  five  times  the  solvent  action  of  piperazin  (Fraenkel 
1912).  According  to  Goodbody  (1896),  urine  containing  0.1%  of  the  drug 
increased  the  solution  of  urate  in  normal  urine  from  0.059%  to  0.065%  ;  the 
acidity  was  diminished  from  0.35%  to  0.33%.  Following  the  administration 
of  1  gm.  of  lysidine  daily  for  8  days,  and  2  gm.  daily  for  4  days,  maintaining 
the  diet,  fluid  intake,  and  exercise  constant,  Goodbody  observed  an  increase 
in  diuresis,  increase  in  uric  acid  excretion,  but  no  important  changes  in  uri- 
nary reaction.  In  these  particulars  lysidine  was  found  to  excel  piperazin.  Ras- 
kins (1916)  found  that  lysidin  can  act  as  a  uric  acid  solvent  (added  uric  acid) 
in  acid  urine.  The  urinary  reaction  may  remain  truly  acid.  If  the  urine  is 
alkaline,  when  either  lysidine  or  piperazin  is  administered,  its  uric  acid  solvent 
property  is  enhanced,  but  it  is  not  a  practical  therapeutic  agent  because  if 
large  enough  doses  are  used  it  is  unsafe  and  possesses  no  advantage  over 
sodium  citrate  or  bicarbonate.  Meisels  (1902)  observed  that  lysidin  in  aqueous 
solution  can  dissolve  47.86%  of  added  uric  acid.  Meisels  also  observed  that 
the  administration  of  lysidine  gave  relief  to  pigeons  with  urate  deposits.  Ac- 
cording to  Neubauer  and  Vogel,  Ladenburg  (1894)  claims  lysidine  urate  is 
soluble  in  6  parts  of  water. 

Clinically,  however,  Ortner  (  1908)  states  he  cannot  recommend  lysidine  as 
a  urate  solvent,  adding  that  "it  not  only  has  never  done  any  good  in  my  experi- 
ence, but  once,  after  a  few  days'  use,  it  caused  an  almost  general  acute,  painful, 
and  partly  bullous  eczema."  According  to  Schmiedeberg  (1909)  lysidine  dis- 
solves uric  acid  in  vitro  more  easily  than  lithium  carbonate,  but  the  addition 
of  1%  sodium  chloride  completely  inhibits  this.  Favorable  reports  on  the 
use  of  lysidine  in  gout  and  urate  deposits  are  made  by  W^olf  (1907).  Lysidine 
is  not  regarded  as  an  effective  calculi  solvent  by  Casper  (1897).  According 
to  Ortowski  (1900)  lysidine  is  inferior  to  hexamethylenamine  as  a  uric  acid 
solvent.  By  the  addition  of  uric  acid  to  urine  containing  lysidine  (0.5%),  Tuni- 
clifife  and  Rosenheim  (1908)  found  the  solvent  power  to  be  33.2  when  that  of 
urine  alone  was  expressed  as  1.  The  solubility  of  sodium  biurate  in  beef  serum 
containing  lysidine  (0.1%)  was  1:25,000  as  compared  with  1:60,000  in  serum 
alone.     The  solvent  power  of  piperidin  was  higher,   1  :12,000.  ! 

Urol. — Chemically    urol    is    a    urea    salt    of    quinic    acid,    (2    molecules    of 
urea   combining   with    1    molecule    of   quinic    acid),    and    according    to    Frieser  j 
(1902)    is   beneficial   in  gout,   rendering  the   urine   free   of   "uric   acid   excess."  J 
However,  no  data  are  offered  to  substantiate  this  vague  claim. 

Vrosin    (lithium   quinate). — The  administration  of   10  to  25  gm.   daily  for! 
3  to  5  days  produced  no  important  differences  in  the  excretion  of  uric  acid,| 
nitrogen  and  phosphate   (Foerster,   1900).     Foerster  could  not  confirm  the  re-| 
ported  claims  of  other  observers,  such,  for  instance,  as  that  of  Weiss   (1900) 
who  claimed  that  urosin  lessens  uric  acid  formation  because  of  its  quinic  aci< 
content. 

Salicylate. — The  chemical  formula  for  salicylic  acid  is  C,,  H^.  OH.  COOH 
It  has  been  frequently  shown  that  the  administration  of  salicylate  increase 
the  elimination  of  uric  acid,  but  the  mechanism  of  action  has  not  been  thor 
oughly  understood.     It  has  recently  been  shown  by  Denis   (1915)    that  the  ac 
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ministration  of  salicylate  leads  to  a  diminution  of  uric  acid  in  the  blood  with 
a  simultaneous  increase  in  the  uric  acid  content  of  the  urine,  and  this  is  in- 
terpreted as  due  to  a  lowering  of  the  threshold  of  the  kidney  for  uric  acid  ex- 
cretion. The  earlier  literature  has  been  abstracted  in  a  previous  contribution 
(Hanzlik,  1915)   and  need  not  be  further  detailed  here. 

Phenyl-quinoliiic. — The  effects  of  a  number  of  phenyl-quinolines  on  uric 
acid  excretion  were  studied  by  Luzzatto  and  Ciusa  (1913)  with  negative  re- 
sults. The  most  favorable  results  were  obtained  with  diphenyl-quinoline  car- 
boxylic  acid  (atophan)  and  diapurin  (a-phenyl-^-naphthoquinoline  carboxylic 
acid). 

It  would  be  altogether  out  of  place  here  to  refer  to  the  rather  extensive 
literature  on  atophan.  Other  sources  (  Sollmann,  1917;  Fraenkel,  1912)  may  be 
consulted  for  this.  Briefly,  however,  it  may  be  stated  that  atophan  is  related 
chemically  and  pharmacologically  to  salicylic  acid.  For  lack  of  any  other 
explanation  it  was  generally  held  that  atophan  is  a  "mobilizer"  of  uric  acid  in 
the  tissues.  However,  it  has  been  shown  by  Folin  and  Lyman  (1913)  and 
Fine  and  Chace  (1914)  that  the  effects  of  atophan  on  the  excretion  of  uric 
acid  consists  of  an  increased  elimination  in  the  urine  with  simultaneous  de- 
crease in  the  uric  acid  content  of  the  blood.  Haskins  (1913)  also  observed 
that  atophan  increases  the  elimination  of  uric  acid  in  the  urine. 

Colchicum. — This  was  found  by  Rockwood  and  Van  Epps  (1900)  and 
Abl  (1913)  to  decrease  uric  acid  excretion.  On  the  other  hand,  an  increase 
in  excretion  was  reported  by  Jackson  and  Blackfan  (1907).  Most  recently, 
however,  it  has  been  shown  by  Denis  (1915)  that  the  administration  of  wine 
of  colchicum  exerts  little  or  no  influence  on  the  uric  acid  content  of  the  blood 
and   urine. 

Piperidin* — Tunicliffe  (1897)  found  50  c.c.  of  a  10%  solution  to  com- 
pletely dissolve  10  gm.  of  uric  acid.  The  piperidin  urate  could  be  completely 
precipitated  by  sodium  chloride  and  its  solubility  was  found  to  be  5.3%  and  25% 
at  17°  and  36'^,  respectively.  Aqueous  solutions  possessed  an  alkaline  reaction. 
According  to  Tunicliffe  his  results  do  not  confirm  the  high  solvent  power  as- 
cribed to  piperidin  urate  by  others. 

14.      SUMMARY. 

There  is  no  reliable  evidence  to  show  that  pi])erazin,  in  small  or  therapeutic 
jdoses,  imparts  to  urine  urate  s(jlvent  qualities,  either  by  direct  addilion  or  af- 
er  excretion. 

Excessive  doses  of  tlie  drug  prcxluce  a  slight  but  practically  negligible 
ncrease  in  uric  acid  excretion,  the  same  being  eft'ectively  secured  by  the  use 
)f  such  well  known  alkalies  as  bicarbonate  and  citrate. 

The  solvent  action  of  low  concentrations  of  pipera/in  on  calculi  is  prac- 
ically  negligible.  In  very  high  concentrations  a  soKent  i)o\\er,  though  limited 
nd  doubtful,  seems  to  exist. 

There  is  no  reliable  evidence  to  indicate  that  i)i[Kra/.iii  can  prevent  or 
emove  urate  deposits. 

•For  description  see   foot   note,    Scclion   4. 
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Diuresis  is  uninfluenced  by  the  administration  of  even  larg'e  doses  of 
piperazin. 

The  direct  addition  of  piperazin  to  urine  renders  it  alkaline.  However, 
after  administration  the  reaction  remains  unchanged  because  in  its  passage 
though  the  body  enough  piperazin  is  destroyed  to  markedly  reduce  its  concen- 
tration in  the  urine. 

Scientific  evidence,  though  limited,  and  clinical  opinion  indicate  that  piper- 
azin is  valueless  in  gout. 

The  administration  of  piperazin  may  be  attended  with  serious  side  actions. 

There  is  sufficient  scientific  evidence  to  indicate  the  worthlessness  of  the 
following  as  urate  solvents ;  urosin,  lycetol,  sidonal,  quinic  acid,  lysidine,  urol, 
quinoline,   colchicum  and  piperidin. 
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CHRONIC  COLITIS  AND  ITS  ROENTGENOLOGIC  FINDINGS* 


By  Francis  B.  McMahon,  M.D.,  and  Russeli.  D.  Carman,  M.D., 

Rochester,  Minn. 


THIS  paper  comprises  a  study  of  a  group  of  cases  of  chronic  colitis  in  which 
marked  pathologic  changes  occur  in  the  intestinal  wall  resulting  in  inflam- 
matory thickening,  contraction,  granulation,  or  vilceration. 

Chronic  colitis  is  a  disease  that  is  constantly  attracting  more  attention 
from  both  the  medical  and  the  surgical  members  of  the  profession.  The  number 
of  patients  affected  with  the  disease  is  increasing,  probably  because  the  number 
of  cures  do  not  keep  pace  with  the  annual  incidence  of  the  disease.  We  have 
recently  reviewed  the  cases  of  chronic  colitis  of  this  type  in  the  Mayo  Clinic 
in  which  a  roentgen  examination  of  the  colon  was  made,  and  we  wish  to  sub- 
mit a  resume  of  the  subject  including  certain  roentgen  findings  that  we  believe 
are  of  particular  importance  and  have  not  been  sufficiently  emphasized  (Fig.  1). 

The  etiolog}^  in  these  cases  of  colitis  is  obscure.  It  is  probably  due  to  some 
constitutional  derangement  with  a  low  grade  of  intoxication  that  seems  to 
aft'ect  primarily  the  mucous  lining  of  the  large  intestine,  and'  at  times,  the  term- 
inal portion  of  the  ileum.  Chronic  constipation  probably  plays  a  part  as  a  pre- 
disposing factor  but  does  not  explain  all.  It  may  be  due  primarily  to  some 
specific  organism  upon  which  is  superimposed  considerable  localized  trauma, 
local  irritation,  and  mixed  infections.  The  rectum  and  sigmoid  are  first  and  al- 
ways the  most  severely  affected  but  eventually  the  process  tends  to  become  dif- 
fuse throughout  the  entire  colon  and  occasionally  the  lower  12  to  24  inches  of 
the  terminal  ileum.  The  early  changes  occur  in  the  mucosa,  which  becomes  red- 
dened, thickened,  and  infiltrated  with  serum  and  blood  cells.  This  chronic  in- 
flammator}^  reaction  results  in  the  formation  of  granulation  tissue.  The  muc- 
ous glands  are  increased  in  number  and  hypertrophied,  or  they  may  become 
atrophic,  small  or  cystic.  The  mucous  folds  are  increased  or  decreased  in  num- 
ber and  lose  their  normal  appearance.  There  is  an  overproduction  and  hyper- 
secretion of  mucus.  Polypi  and  pedunculated  papillomas  may  be  formed. 
Localized  superficial  erosions  and  chronic  ulcerations  are  frequently  superim- 
posed on  all  these  changes,  especially  w^hen  there  are  polypi  and  papillomas,  giv- 
ing rise  to  deeper  mixed  infection  and  more  profuse  bleeding.  In  the  severe 
and  long  standing  cases  localized  abscesses  and  extensive  tissue  destruction  of 
the  mucosa  and  the  submucosa  complicate  the  disease.  The  remaining  struc- 
tures of  the  bowel  wall  undergo  corresponding  inflammatory  changes  and  they 
may  occur  quite  early.  There  is  always  an  edema  and  lymphocytic  infiltration 
and  exudation  in  the  other  coats  of  the  intestinal  wall  accompanying  the  changes 
in  the  mucosa.  The  coats  are  congested  and  thickened,  multiple  minute  areas  of 
scar  tissue  are  formed,  the  bowel  is  contracted  down,  and  is  comparatively  less 
yielding  and   less   flexible    (Fig.   2).     Invariably  the   serosa   is  covered   with  a 


*From  the  Division  of  Roentgenology,  Mayo  Clinic,  Rochester,   Minn. 
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fibrinoplastic   lymph   exudate   and  becomes   devoid  of   its   normal   luster.      Fre- 
quently the  peritoneal  cavity  contains  a  "small  amount  of  fluid  and  lymph. 

The  symptomatology  is  quite  well  known.     There  is  usually  a  history  of  sea- 


iMg.     1.       (1U(,  i;>l.)       .\uinial 


sonal  spells  of  chronic  diarrhea  and  spurious  diarrhea,  with  live  to  twenty,  or 
more,  stools  per  day  over  a  period  of  weeks  or  months  at  a  lime  for  many  years. 
Ihe  stools  usually  are  thin  and  watery  and  i-onl,iin  much  mucus,  occasionally 
purulent    material,    and    at    times. 


lilo(i(i    m    \ar\nu 


amounts    I  I'om    ;i    trace    to 
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moderate  or  profuse  quantities,  depending  on  the  duration  and  the  severity  of 
the  disease.  There  may  be  traces  of  partially  undigested  food  particles  in  the 
stools.  There  are  intervals  of  complete  or  partial  relief,  during  which  time 
constipation  may  be  present  or  the   symptoms  may  be  mild  and  more  or  less 


F'g-  2. — (126013.;  Female,  age  25  years.  Chronic  colitis  of  8  years'  duration.  Roentgenogram 
shows  a  small  smooth  colon,  with  absence  of  haustra  especially  well  marked  from  the  hepatic  flexure 
onward.      Ileocecal   valve   incompetent. 

continuous,  with  a  history  of  acute  exacerbations  from  time  to  time.  The  use 
of  the  coarser  and  irritating  food's  usually  exaggerates  the  condition,  and  dietetic 
indiscretions  often  precipitate  an  attack.  Pain  and  tenderness  are  often  absent. 
\\'hen  present  they  vary  from  a  diffuse  or  localized  abdominal  soreness  on  pres- 
sure, to  severe  tenderness  and  marked  nuiscular  rigidity.    The  left  lower  quadrant 
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of  the  abdomen  is  the  area  most  commonly  affected,  but  this  condition  may  be 
present  over  the  course  of  the  entire  colon.  Rectal  tenesmus  and  pain  at  defeca- 
tion are  often  distressing  symptoms. 

Loss  of  weight  is  common  during  severe  attacks,  but  patients  usually  regain 


l*'ig.  3. — (107128.)  Male,  age  54.  Cliiiicil  di.-i^iiosis  of  cluoiiic  culitis  of  eleven  years'  <liir:ilii>ii. 
Roentgenugrain  shows  a  narrow,  sniootli,  sausage  like  eoloii.  I'.oth  Hexiires  ptoseil.  I  neoiiipeleiit  ileocecal 
valve.      No   liaiistratioii   seen. 

in  the  intervals.  In  some  cases  the  patient  is  surpi"isingl\-  well  nourished  and 
well  developed.  Nausea  and  vomiting  are  unusual  and  the  appetite  is  ordinarily 
very  good.  An  acute  attack  may  ])rove  fatal  in  a  few  weeks  or  months  from 
prostration,  dessicalion,  re|)eated  inleNtin.d  liemorrliagcs,  or  fi-om  pei-foralion 
of  the  bowel   willi   general   peritonitis. 
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In  the  event  of  other  pronounced  constitutional  symptoms,  or  of  the  stools 
containing-  much  blood,  there  is  a  moderate  or  severe  grade  of  secondary  anemia. 
There  may  be  a  slight  leucocytosis,  and  in  the  presence  of  tissue  destruction  and 
rhixed  infection,  there  is  always  present  an  increase  in  the  white  blood  count 
with  a  moderate  predominance  of  polynucl'ear  cells.  Eosinophilia  is  rare. 
Digital  examination  of  the  rectum  usually  reveals  a  roughened  and  granular 
mucosa  which  is  hypersensitive,  painful,  and  bleeds  easily.  The  anal  sphincter 
is  usually  very  spastic.  The  disease  is  resistant  to  almost  all  forms  of  medical 
treatment,  although  palliative  measures  may  control  the  symptoms  to  a  large 
extent  for  long  periods  of  time.  Spontaneous  remissions  are  common  in  the 
milder  stages  and  forms  of  the  disease. 

The  incidence  of  the  disease  is  slightly  larger  in  males  than  in  females,  but 
there  is  very  little  difference,  and  the  disease  runs  about  the  same  clinical  course 
in  both  sexes.  Rural  people  and  those  living  in  the  smaller  towns  appear  to  be 
more  commonly  affected.  There  seems  to  be  no  particular  geographical  distri- 
bution of  the  cases  examined  in  the  M&yo  Clinic. 

Repeated  stool  examinations  are  always  essential  as  it  is  necessary  to  rule 
out  the  more  common  causes  of  chronic  diarrhea.  In  these  cases  no  intestinal 
parasites  are  found.  It  must  be  remembered,  however,  that  in  an  entamebic 
colitis  that  has  been  treated  with  emetin,  the  stools  may  be  free  from  parasites 
on  several  examinations  and  still  some  of  the  symptoms  persist.  Theoretically 
tuberculous  and  other  specific  bacterial  infections  can  be  identified  by  centrifuga- 
tion  of  a  small  portion  of  the  stool  content  and  microscopic  examination  of 
properly  stained  smears.  There  is  also  usually  a  suggestive  history  and  other 
symptoms  and  physical  signs  present  in  tuberculous  and  bacillar}^  colitis  cases. 
A  history  of  luetic  infection,  other  constitutional  stigmata  and  the  \\'assermann 
reaction  will  put  one  on  guard  for  the  possibility  of  a  syphilitic  lesion  in  the 
lower  part  of  the  intestinal  tract,  although,  of  course,  both  conditions  may  be 
present.     Fortunately  syphilis  of  the  rectum  and  colon  is  very  rare. 

The  proctoscopic  examination  is  an  efficient  aid  in  the  differential  diagnosis, 
and  in  ruling  out  a  low-lying  malignanc}',  either  alone  or  superimposed  on  some 
other  chronic  process.  Proctoscopic  examination  usually  reveals  a  chronic  in- 
durative proctitis  and  sigmoiditis  of  a  granular  type  which  bleeds  easily  with 
few  ulcerations  irregularly  distributed.  Occasionally  small  polypi  or  papillomas 
may  be  seen.  Frequently  it  is  only  by  removing  a  small  piece  of  suspicious  tis- 
sue and  subjecting  it  to  careful  microscopic  examination  that  malignancy  and 
the  infectious  granulomas  of  the  rectum  can  reasonably  be  excluded. 

Very  little  has  been  written  concerning  the  signs  elicited  in  the  roentgen  ex- 
amination of  chronic  colitis,  and  no  great  importance  has  been  attached  to  roent- 
genologic findings  in  this  disease  up  to  this  time.  In  1912  Schwarz,^  of  Vienna, 
described  the  characteristic  features  in  a  small  number  of  cases  of  chronic 
colitis.  Among  other  things  he  included  the  phenomena  of  a  small  and  smooth 
bowel,  absence  of  haustration  and  incompetence  of  the  ileocecal  valve  (Fig.  3). 
We  have  found  from  an  examination  of  a  number  of  colons  in  chronic  colitis  that 
these  conditions  are  invariably  present  and  we  believe  that  their  importance 
should  be  emphasized.     These  roentgenologic  phenomena  are  not  due  to  spasm, 
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but  result  from  the  organic  alterations  in  the  bowel  wall,  because  definite  patho- 
logic changes  are  found  in  both  the  gross  and  the  microscopic  appearance  of  all 
the  coats.  Furthermore,  they  are  permanent  and  cannot  be  altered  in  their  main 
appearances  and  characteristics  by  the  administration  of  antispasmodics  to  physio- 


I''i(?.  4. — (12716.)  Female,  age  57  years.  History  of  chronic  constipation  ami  migraine  for  a 
period  of  twenty-five  years.  Roentgenogram  shows  marked  redundancy  of  the  colon.  Incompetent  ileocecal 
valve.  The  bowel  is  smooth  and  its  outline  is  practically  without  haustration,  l>ut  iho  colon  is  not  con- 
tracted.     Further  the   history  distinguishes  the  case  from   a  chronic   colitis. 

logic  effect  prior  to  a  second  rcx'ntgen  cxaminaliun.     i'.csides,  entcrospasm  lias  not 
been  observed  by  us  during  the  roentgen  exaniinalion  in  tlii^  t\pc  of  colitis. 

There  are  certain  other  conditiiuis  of  the  large  l)i)wcl  in  which  some  of 
these  phenomena  may  also  be  found  lo  a  varying  degree  ;  but,  as  a  rule,  tliev  can  be 
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eliminated  either  by  a  correlation  of  the  roentgen  findings  with  the  clinical  data, 
or  the  roentgen  picture  alone  may  definitely  indicate  a  lesion  other  than  colitis. 
For  example,  in  an  occasional  case  of  chronic  constipation,  the  large  bowel  may 
be  smooth  and  show  no  haustration   (Fig.  4).     Exceptionally  also,  in  cancer  of 


Fig.  5. — (14^665.)  Female,  ?ge  44  years.  Filling  defect  in  the  right  halt  of  the  transverse  colon. 
Roentgen  diagnosis:  Carcinoma.  The  remaining  bowel  is  smooth  and  imhaustrated,  but  not  contracted. 
The  filling  defect  was  produced  by  a  carcinoma,  as  proved  at  operation. 

the  colon,  the  unafi^ected  portion  of  the  bowel  may  have  smooth,  unhaustrated 
borders  (Fig.  5).  However,  these  findings  are  not  constant.  In  such  instances 
the  lack  of  haustration  is  doubtless  due  to  relaxation  of  the  longitudinal  muscle 
bands — the  tenia. 


I 
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The  incompetence  of  the  ileocecal  valve,  which  has  been  noted  rather  con- 
stantly in  cases  of  chronic  colitis,  is  not  of  itself  diagnostically  important,  since 
we  find  it  in  a  very  high  percentage  of  all  cases  examined,  whether  normal  or 
pathologic.  But,  in  conjunction  with  other  roentgen  signs  of  chronic  colitis,  it 
may  have  some  corroborative  value,  when  the  barium  runs  into  the  ileum  spon- 
taneously and  profusely. 

It  is  worthy  of  note  that  in  a  limited  number  of  cases  examined  of  chronic 
endamebic  colitis,  we  did  not  find  a  roentgenologic  picture  in  any  measure  differ- 
ing from  the  normal.  The  group  included  cases  of  long  standing  and  of  re- 
cent exacerbations  but  none  that  were  prostrated.  Sanford"-  has  emphasized  the 
fact  that  the  entire  .syndrome  of  chronic  endamebic  colitis  as  seen  in  the  North 
is  not  so  severe  as  in  the  South  and  the  tropics,  which  may  explain  the  absence 
of  marked  pathologic  changes  in  the  bowel  wall.  However  that  may  be,  we  be- 
lieve that  the  roentgen  examination  offers  distinct  value  in  the  differentiation 
of  these  two  diseases,  especially  as  seen  in  this  latitude. 

Our  own  experience  suggests  that  the  roentgen  findings  when  carefully  cor- 
related with  the  clinical  history  can  be  made  of  much  use  in  the  diagnosis  of 
chronic  colitis.  The  roentgenogram  also  enables  a  more  accurate  estimate  of 
the  extent  of  involvement  and  thus  may  serve  as  a  guide  in  determining  whether 
the  treatment  shall  be  medical  or  surgical. 

Both  roentgenoscopy  and  roentgenography  were  employed  in  the  cases  here- 
with reported.  The  enema  was  preferred  to  the  ingested  meal.  In  an  exten- 
sive chronic  colitis  of  long  standing  the  capacity  of  the  colon  is  materially  les- 
sened. It  fills  very  rapidly,  and  if  the  clyster  is  administered  with  much  force 
the  patient  is  very  likely  to  expel  it  before  the  roentgen  observations  are  com- 
pleted. 

The  following  illustrative  cases  were  selected  from  the  group  studied : 

Case  14C817. — Male,  aged  ^S•,  shoemaker.     Regi.stered  November  30,   1915. 

Previous  History. — Pneumonia  April,  1915. 

Present  Illness. — For  2  years  spells  of  diarrhea  with  15  to  20  stools  per  day  of  a  thin 
watery  character,  with  much  mucus  and  at  times  blood  stained  ;  odor  not  offensive.  W'itli  at- 
tacks there  was  loss  of  weight  and  strength.  During  the  past  four  months,  interval  of  but  two 
weeks  when  he  was  free  from  severe  symptoms,  and  during  the  past  three  months  there  has 
been  considerable  bright  red  blood  in  the  stools,  much  alxlominal  cramp-like  colic  and  rectal 
tenesmus.     Never  any  chills  or  fever  noted. 

Physical  E.va}nination. — Considerable  emaciation.  I'.vidcncc  of  moderate  anemia.  Py- 
orrhea alveolaris  and  gingivitis  present.  Palpable  liver  margin.  Slight  t\mpanitis  and  slight 
diffuse  abdominal  tenderne-^s.     ])igit;il  examination  of  rectum  ncgali\e. 

Urinalysis.- — Negative. 

Blood  Bxainination. — Hemoglobir.  70  i)cr  cent;  4,520.000  red  blood  cells;  10,000  while 
blood  cells;  38  per  cent  ])olym<irj)honuc!car  leucocytes;  44.3  small  lymphocytes;  16.7  per  cent 
large  lymphocytes;   1.0  per  cent  cosinophiles.     Wassermann,  negative. 

Stool  Examination.  —  Red  blood  cells  and  pus  cells  j-resent,  no  i)arasites  found.  Cul- 
ture from  stool  negative  for  Shiga  bacilli. 

Roentgen  Examination. — Colon,  small  and  sniodlh  tlir()U,!.;bout.  Xo  visible  liaustr.ilion. 
Ileocecal  valve,  incompetent.      (  Kig.  ('<■) 

Clinical  Diagnosis. — Chronic  colitis;  i)yorrhea  :dveoIaris  and  gingivitis. 

Ot^erative  findings. — Colon  contracted  to  about  caliber  of  small  intestine,  and  presents 
appearance  of  a  chronic  inflammatory  reactimi  with  thi(kcni<!  .■ikI  (hKhliIiuis  walN.  increasing 
in  severity  from  cecum  downward  to  rectum. 

O/i,  ri/Zi'i;//.—  llcostom\-    ( lir^w  n  )  -     \])i>(ii(k'Ct()my   seiondarN'. 
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Case  134997.— Female,  aged  33.    Housewife.    Registered  September  13,  1915. 

Prcz'ioHS  History. — Negative. 

Present  Illness. — A  9  year  history  of  chronic  constipation  with  passage  of  some  mucus 
in  the  stools,  and  at  times  blood  tinged.  For  the  past  2  years  constipation  has  been  more 
marked,   requiring  brisk  laxatives  or  purgatives  which  in  turn  caused  a   diarrhea  that  re- 


quired medicine  to  control.  For  the  past  6  months  she  has  complained  of  diarrhea  and 
spurious  diarrhea  associated  with  the  passing  of  mucus  streaked  with  bright  red  blood,  also 
cramp-like  abdominal  pains  and  rectal  tenesmus.  Normal  weight  107  pounds,  present  weight 
97  pounds. 

Physical  Examination. — Thin  and  pale  in  appearance.  Marked  intestinal  peristalsis 
demonstrable.  Digital  examination  of  the  rectum  painful;  rectal  mucosa  roughened  and 
congested. 

Urinalysis. — Negative. 
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Blood  £.ra;»n/a/k:i/(.— Hemoglobin  60  per  cent,  4,500,000  red  blood  cells,  14,400  white 
blood  cells,  and  a  normal  differential  count.     The  Wassermann  was  negative. 

Stool  Examination. — Red  blood  cells  and  pus  cells  present,  no  parasites  found. 

Proctoscopic  Bxamination. — Chronic  proctitis  and  sigmoiditis  with  some  superficial  ul- 
cerations. 


Fig.   7.— (134997.) 

Rocnlijcn  Jixainindlion.—Thi.'  left  arm  t>i  tlic  trans\ersc  colon,  the  splenic  llc.xure,  liic 
descending  colon,  and  the  sigmoid  arc  small,  smooth,  and  unhaustratcd.  This  condition  was 
unchanged  after  the  administration  of  an  antispasmodic  to  physiologic  cfTect.  Note  that  the 
disease  is  limited  to  the  left  half  of  the  large  bowel  as  shown  in  the  roentgenogram  (Fig.  7). 

Clinical  Diagnosis. — Chronic  ulcerative  colitis. 

Operative  findings. — Chronic  uKirativc  colilis. 

Operation. — Ileostomy  (P>ro\vn  ) — Aiipcndcctomy  secondary. 
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Case  160059.— Female,  aged  2S.     Clerk.     Registered  May  18,  1916. 

Previous  History. — Negative  except  appendectomy  10  years  ago  elsewhere. 

Present  Illness. — For  12  years  she  had  had  spells  of  diarrhea  and  bloody  stools  associ- 
ated with  loss  of  weight  and  strength.  Some  temporary  relief  with  medical,  dietetic,  and 
local  treatment.  She  has  been  without  symptoms  as  long  as  a  year  -at  a  time.  At  the  present 
time  there  are  from  6  to  8  stools  daily,  containing  much  blood  and  mucus  and  associated 
with  considerable  tenesmus. 

Physical  Examination. — Negative  except  for  some  tenderness  over  the  entire  colon  and 
considerable  tenderness  on  digital  examination  of  rectum. 

Urinalysis. — Negative. 


Fig.    8.— (16005). ) 


Blood  Examination. — Hemoglobin  80  per  cent. 

Stool  Examination. — Negative  for  parasites. 

Proctoscopic  Examination. — Examination  very  difficult  on  account  of  the  contracted 
condition  of  the  rectum.  Marked  proctitis  which  bleeds  easily.  No  gross  ulcerations.  The 
sigmoid  could  not  be  examined  on  account  of  spasm. 

Roentgen  Examination. — Beginning  at  the  hepatic  flexure  the  colon  was  smooth,  con- 
tracted and  without  haustral  markings.  The  narrowing  was  most  marked  in  the  left  half  of 
the  transverse  colon,  the  descending  colon  and  the  sigmoid.  The  transverse  colon  was  re- 
dundant.    Ileocecal  valve  incompetent.     (Fig.  8.) 

Clinical  Diagnosis. — Chronic  granular  colitis. 

Operative  Findings. — Granular   type   of   chronic   colitis.     Definite  thickening  and   nar- 


CHRONIC    COLITIS    AND    ROENTGENOLOGIC    FINDINGS 


339 


rowing  of  tlie  colon  wall.  Slight  injection  of  its  blood  vessels.  Appendix  removed  at  former 
operation  elsewhere. 

Operation. — Ileostomy   (Brown). 

Autopsy. — General  peritonitis.  Colon  showed  chronic  inflammatory  changes  with 
marked  thickening  throughout  its  entire  wall  and  many  petechial  hemorrhages,  old  and  re- 
cent, in  its  mucosa.     No  ulcerations.     Small  papilloma  in  the  descending  colon. 


Fig.    9.^(172507.) 

Case  172507.— Male,  aged  35.     Iowa  farmer.     Registered  Septendur  14.  l'M6. 

J'rcvioiis  llislovy. — Negative. 

Present  Illness. — For  3  years  there  have  heeii  spells  of  di.inlua  witii  hloiul  staiiud  mucus 
in  the  stools,  and  associated  with  rectal  tenesmus.  The  earl\  s|.(Ils  were  of  aliout  (>  weeks 
duration.  Considerable  loss  of  weight  with  each  attack.  During  tlu'  pa-^t  14  months  the 
symptoms  have  been  practically  coiitinunus  and  the  stools  contained  considiTable  blood.     I'or 


340  the;  jourxal  of  laboratory  axd  clinical  mldicini; 

the  bleeding  he  had  a  cauleriz-ation  of  the  rectal  mucosa  elsewhere  with  practically  no  im- 
provement. For  the  3  weeks  prior  to  admission  to  the  clinic  he  had  had  10  to  20  stools  per 
da}',  containing  much  blood  and  mucus.    History  of  slight  fever  at  times  during  past  month. 

Physical  Examination. — Twenty  pounds  loss  of  weight.  Evidence  of  anemia.  Slightly 
tender  over  entire  abdomen.    Digital  examination  of  rectum  painful  and  difficult. 

Urinalysis. — Negative. 

Blood  Exaniiiiation.—^larked  secondary  anemia  with  an  average  hemoglobin  of  34  per 
cent.    Wassermann  negative. 

Stool  Examination. — Negative  for  parasites;  red  blood  cells  and  pus  cells  present. 

Proctoscopic  Examination. — External  and  internal  hemorrhoids  were  found  but  not  suf- 
ficient to  account  for  all  symptoms.  Large  fissure  into  rectum.  Indurated  area  in  anterior 
wall  of  rectum  2  inches  up. 

Roentgen  Exajiiination. -^Roentgenoscopy. — Entire  colon  smooth,  contracted  and  with- 
out haustration.  Roentgenogram  (after  involuntary  partial  evacuation). — Hepatic  flexure, 
descending  colon  and  sigmoid  mottled  in  appearance;  ileocecal  valve  incompetent  (Fig.  9). 

Clinical  Diagnosis. — Fissure  of  rectum  (postoperative),  hemorrhoids;  chronic  ulcerative 
colitis  ;  secondary-  anemia. 


Fig.    Ui.— (172507.) 

Clinical  A''otations. — Medical  and  dietetic  treatment,  and  blood  transfusion  without  im- 
provement.    Died  13  days  after  admission. 

Autopsy. — Chronic  inflammatory  changes  in  the  wall  of  the  large  bowel  with  marked 
dilTuse  edema  and  thickening  of  all  its  coats.  The  mucosa  shows  chronic  ulcerations  in  the 
lower  colon  and  rectum  (Fig.  10). 

conclusions. 

1.  There  is  a  group  or  chain  of  subjective  and  objective  symptoms  that 
is  quite  characteristic  of  chronic  colitis. 

2.  There  are  definite  organic  changes  in  all  the  coats  of  the  colon  wall 
in  chronic  colitis,  resulting  from  chronic  inflammatory  reaction  with  edema, 
lymphocytic  infiltration,  thickening,  scar  tissue  formation,  and  contraction. 

3.  The  roentgen  examination  in  these  cases  shows  the  colon  to  be  small, 
smooth  and  without  haustration  in  the  part  or  parts  affected. 

4.  A  more  accurate  estimate  as  to  the  extent  and  severity  of  the  involve- 
ment can  be  obtained  by  a  correlation  of  the  clinical  history  with  the  roent- 
gen findings. 


I 
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5.  The  roentgenogram  will  frequently  be  an  aid  in  determining  the  course 
of  subsequent  treatment. 

6.  In  a  limited  number  of  examinations  we  have  not  found  cases  of  chronic 
endamebic  colitis  which  furnish  any  characteristic  or  similar  roentgen  findings. 
Therefore,  it  appears  to  be  an  aid  in  differentiating  amebic  from  chronic  colitis. 

BIBLIOGRAPHY. 

^Schwarz,  G. :    Klinische  Roentgendiagiiostik  des  Dickdarms,  Julius  Springer,  Berlin,  100-114. 
^Sanford,  Arthur  H. :     The  Geographic  Distribution  of  Amebiasis,    Four.  Am.   Med.  Assn., 
1916,  Ixvii,  1923-1926. 


CERTAIN  ASPECTS  OF  PURULENT  MENINGITIS* 

Charles  E.  Kiely,  M.D.,  Cincinnati,  Ohio. 


EPIDEMIC  purulent  meningitis  due  to  infection  with  the  diplococcus  of 
Weichselbaum  rarely  offers  great  difficulty  of  diagnosis,  and  the  acute 
purulent  meningitis  secondary  to  obvious  infection  of  the  middle  ear  or  the  air 
sinuses  is  as  a  rule  recognized  early  and  with  ease.  There  are,  however,  certain 
cases  such  as  the  three  which  came  to  autopsy  in  this  hospital  but  a  few  weeks 
apart  which  are  in  a  different  category.  They  present  points  of  interest  in 
etiology  and  in  diagnosis  since  in  these  instances  only  one  was  recognized.  The 
second  and  third  were  diagnosed,  respectively,  uremia  and  cerebral  hemor- 
rhage though  the  former  showed  only  a  moderately  'pathological  kidney  and 
the  latter  no  trace  of  hemorrhage  in  the  brain. 

Oppenheim^  discussing  the  etiology  of  this  variety  of  meningitis  names  as 
reported  etiological  factors :  streptococcus,  staphylococcus,  pneumococcus, 
pneumobacillus,  bacillus  typhosus,  bacterium  coli,  bacillus  lactis  aerogenes  and 
the  bacillus  infiuenzc^.  The  primary  scnirce  of  infection  may  be  any  acute 
infection,  notably  pneumonia,  typhoid,  ulcerative  endocarditis,  variola,  acute 
rheumatic  fever,  influenza  and  gonorrhea,  (?)  or  the  condition  may  complicate 
a  septicemia  or  a  pyemia. 

The  clinical  bistory  and  autopsy  protocol  are  in  abstract. 

J.  B.,  Hospital  No.  A-()688,  was  a  white  male  machinist,  aged  35.  He  was 
admitted  to  the  hospital  on  October  8,  1916,  complaining  of  pain  in  the  right 
side  on  deep  inspiralitjn,  chills  and  fever.  Tlu-  family  bistory  \\as  negative. 
Tbe  patient  denied  the  usual  infections  of  childhood  but  admitted  chancre  at 
20  and  gonorrheal  urethritis  at  22.  He  averaged  five  glasses  of  whiskey  and 
two  of  beer  daily. 

One  week  before  admission  he  spent  a  day  in  the  rain  fishing.  V\\c  days 
later  there  was  an  acute  onset  with  fe\er,  chills,  and  pain  in  the  right  side  on 
deep  inspiration.  About  24  hours  later  he  began  to  cough  up  a  brownish  sputum. 
He  sweated  at  night. 

*Krom  thf  I'alhdlnnic   Institute  of   tlic   Cincinnati   Gcner,-il   Hospital. 
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On  admission  he  was  obstreperous  and  therefore  in  shackles.  The  chest 
was  symmetrical  and  expansion  was  equal  on  the  two  sides  but  was  rapid  and 
labored  and  the  patient  was  rather  cyanotic.  Vocal  fremitus  was  increased  over 
the  right  side  of  the  back  except  at  the  extreme  base  where  is  was  diminished. 
On  percussion  there  was  dullness  over  the  right  back  and  in  the  axilla.  A 
few  moist  rales  could  be  heard  over  the  right  back,  and  at  the  extreme  base 
respiration  was  distant.  The  heart  and  abdomen  are  noted  as  clinically  nega- 
tive. The  cervical  glands  were  palpable  and  firm.  There  was  marked  pyorrhea 
alveolaris.  The  urine,  except  for  a  few  hyaline  and  granular  casts,  was  normal. 
The  white  count  was  16,800. 

Neurological  examination  showed  moderately  dilated  pupils  which  re- 
acted to  both  light  and  accommodation.  The  external  ocular  muscles  func- 
tionated normally.  The  neck  was  not  rigid.  "The  reflexes  are  normal — there 
is  slight  tremor"    (of  the  hands?). 

The  history  notes  that  the  patient's  delirium  continued  and  that  on  the 
tenth  day  after  admission  he  began  to  vomit  and  showed  a  suggestion  of  rigidity 
of  the  neck.  On  the  seventeenth  day  after  admission  a  radiograph  of  the  chest 
was  negative  except  for  some  slight  clouding  at  the  apices.  On  the  eighteenth 
day  paracentesis  of  the  pericardium  was  attempted  without  obtaining  fluid  and 
on  the  same  day  lumbar  puncture  liberated  40  c.c.  of  cloudy  fluid  "under  pres- 
sure.'" Cultures  showed  an  organism  which  was  "either  the  pneumococcus  or 
the  streptococcus  viridans."  During  the  period  of  hospital  residence  the  tem- 
perature ranged  between  100°  and  102°  F.  and  the  pulse  was  slow  in  proportion 
(74  to  90)  during  the  first  week.  The  patient  died  on  the  twenty-first  day  after 
admission. 

Clinical  Diagnosis. — Pneumonia;  cerebrospinal  meningitis;  chronic  diffuse 
nephritis;  pericarditis    (?);  acute  endocarditis. 

AUTOPSY    PROTOCOL,    (m.    G.) 

There  was  a  paracentesis  wound  in  the  fifth  costal  interspace.  Opening  the 
pericardium  liberated  about  5  ounces  of  bloody  fluid  which  came  from  a 
wound  of  the  heart  wall  about  one  inch  from  the  apex.  The  left  side  of  the 
heart  was  hypertrophied  and  the  musculature  was  generally  edematous.  There 
was  a  large  mass  of  vegetations  on  the  aortic  cusps  and  surrounding  cardiac 
muscle.  The  liver,  spleen  and  kidneys  were  all  congested  and  edematous  and 
showed  multiple  infarcts.  Very  fine  pleural  adhesions  prevented  the  collapse 
of  the  lungs  on  opening  the  thorax,  but  there  was  no  excess  of  pleural  fluid. 
The  organs  were  edematous  and  of  brick  red  color  on  section  with  areas  of  an- 
thracosis.  There  were  scars  of  old  adhesions  on  the  lower  and  middle  right 
lobes.  Neither  lung  was  consolidated  but  crepitated  throughout.  The  gastric 
mucosa  was  congested  and  edematous  and  the  veins  about  the  cardia  much  in- 
jected. 

On  removing  the  calvarium  the  brain  was  found  to  be  bathed  in  pus  and 
the  cerebrospinal   fluid  purulent. 

Anatomical  Diagnosis. — Diffuse  purulent  meningitis;  edema  and  conges- 
tion of   liver,   spleen   and  kidneys  and   gastrointestinal   mucosa ;   pleuritic   adhe- 
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sions;  hypertrophy  of  left  heart;  acute  vegetative  aortic  valvular  endocarditis; 
cardiac  apical  wound  with  hemorrhage  into  the  pericardial  sac ;  acute  splenic 
tumor ;  infarct  of  the  liver  and  multiple  infarcts  of  spleen  and  kidneys. 

No  focus  of  infection  was  found  in  the  skull  and  it  seems  fair  to  trace  it 
back  to  the  aortic  vegetations  or  even  back  to  the  pyorrhea.  The  multiple  in- 
farcts may  well  have  been  the  result  of  infection.  \\'ithout  violating  probability 
one  may  reconstruct  the  history  as  follows  :  pyorrheal  infection  at  a  remote  date 
involving  ultimately  the  liver,  spleen,  kidneys,  and  endocardium,  and  perhaps 
the  pleura.  Chronic  alcoholic  poisoning  plus  a  day  of  exposure  broke  down 
the  resistance  and  the  infection  became  general.  The  very  definite  clinical 
signs  in  the  lungs  with  rather  inconsiderable  pathological  findings  remains  un- 
clear. At  what  time  the  central  nervous  system  became  involved  is  doubtful. 
Delirium  and  fever  coincided  from  the  first,  but  in  an  alcoholic  who  presented 
such  a  classical  picture  of  pneumonia  the  central  nervous  system  was  rather 
likely  to  escape  attention.  It  is  regrettable  that  lumbar  puncture  was  not  done 
before  the  onset  of  definite  meningeal  symptoms  as  either  negative  or  positive 
findings  would  be  an  addition  to  the  postmortem  study  of  the  case. 

The  differential  diagnosis  of  acute  purulent  meningitis  offers  some  diffi- 
culties particularly  in  the  earl}'  stages  when  fever  is  not  infrequently  absent. 
Osier-  reports  the  following  case  as  typical  of  this  difficulty.  I  have  taken  the 
liberty  of  abbreviating. 

Male,  aged  57.  Had  been  drinking  heavily  and  when  admitted  was  de- 
lirious. His  friends  stated  that  he  had  been  in  this  condition  for  a  week.  His 
temperature  on  admission  was  97.5°  and  there  was  no  symptom  of  meningitis. 
The  case  was  regarded  as  delirium  tremens  until  the  fourth  day  when  his 
temperature  rose  suddenly  to  105°.  He  died  two  days  later.  Necropsy  showed 
extensive  yellowish  purulent  exudate  over  the  hemispheres,  turbid  exudate  at 
the  base  and  along  the  Sylvian  fissures  and  in  excess  in  the  ventricles.  Direct 
smears  showed  a  rounded  coccus  but  the  cultures  yielded  a  diplobacillus.  From 
the  lungs  which  showed  a  sliglit  bronchopneumonia,  the  diplococcus  of  pneu- 
monia was  recovered. 

It  is  a  platitude  to  remark  that  gastrointestinal  conditions  can  produce  in 
children  a  complex  hardly  distinguishable  from  meningitis,  the  so-called  mcnin- 
gismus.  The  "wet  brain,'' — '"serous  meningitis." — of  alcoholics,  which  is  probably 
an  edema  of  tlie  brain  ])urc  and  sim])]e,  can  simulate  the  febrile  period  of  true 
meningitis  accuratel}-.  Perhai)s  one  would  better  say  that  the  early  stage  of  a 
meningitis  which  ultimately  becomes  purulent  is  serous.  Luetic  meningitis  may 
occasionally  have  a  course  so  acute  as  to  give  rise  to  confusion.^  Major  hysteria 
can,  of  course,  simulate  any  disease  one  may  discuss.  Uremia  is  mentioned  l)y 
most  writers  as  capable  of  giving  rise  to  difficulty.  ^''*-  ^  However,  all  these  con- 
ditions can  be  accurately  difi'erentiated  l)y  lumbar  punclure  .-iinl  urinalysis. 
A  mistake  could  liave  lieen  avoided  bv  this  means  in  the  following  case.  •" 

The  clinical  history'  is  brief  and  can  be  given  in  full.  "The  patient  wn?;- 
admitted  to  the  ward  in  a  dyiiig  condition.  I'.reathing  stertorous.  Fulse  very- 
feeble  and  irregular.  The-  heart  couhl  mH  \k-  heard  owing  to  l.'iige  r;"iK"N  oxer  the 
chest.     Eyes  rollc-d  upward  and  to  the  left.     Tlie  patient   had  been   e.itheteri/ed 
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in  the  receiving  ward  and  the  urine  found  to  contain  much  albumin.  Coma  was 
profound.  Reflexes  were  abolished.  The  patient  did  not  respond  to  stimula- 
tion.    He  died  an  hour  after  admission  to  the  ward." 

In  abstract,  the  postmortem  findings  were  as  follows :  The  skull  showed 
the  evidence  of  an  old  trepanation — a  lack  of  continuity  about  5  cm.  in  diameter  in 
the  left  temporal  region.  The  dura  was  more  than  ordinarily  adherent  to  both 
the  skull  and  the  pia,  particularly  along  the  longitudinal  fissure.  The  brain 
showed  the  usual  picture  of  acute  purulent  meningitis.  The  greatest  accumula- 
tions of  pus  were  over  the  parietal  cortex  of  the  vault  and  both  the  inferior 
and  superior  aspect  of  the  frontal  lobes,  over  the  inner  aspect  of  the  temporal 
lobes,  in  the  cisternas  and  along  the  base  of  the  cerebellum.  The  pituitary  was 
almost  completely  destroyed  by  suppuration.  Other  than  edema  or  cloudiness 
of  the  membranes  of  the  posterior  nares  and  the  sphenoidal  sinus,  no  focus  of 
infection  could  be  found  in  the  head. 

In  the  right  hypogastrium  there  was  an  old  apparently  surgical  scar  through 
which  hernia  had  occurred.  The  appendix  was  missing.  The  liver,  spleen, 
stomach  and  intestines  showed  no  important  pathological  change.  The  right 
heart  was  hypertrophied,  the  coronary  vessels  dilated  as  also  to  a  slight  ex- 
tent the  pulmonary  and  tricuspid  orifices.  There  was  hypertrophy  of  the  ven- 
tricular wall  and  moderate  (30  c.c.)  effusion  in  the  pericardivmi.  The  lungs 
showed  some  old  fibrous  pleural  adhesions  and  marked  edema.  The  kidneys 
were  large  and  their  capsule  stripped  with  difficulty.  The  cut  surface  was  pale 
and  the  cortex  marked  with  lines  of  interlobular  congestion.  The  cortex  was 
thick  and  not  well  delimited  from  the  medulla.  There  was  slight  papitlary 
fibrosis.  The  brain  showed  the  usual  picture  of  acute  purulent  meningitis. 
Smears  showed  a  mixed  infection  probably  as  a  result  of  postmortem  invasion — 
a  large  spore  bearing  bacillus,  a  small  diplococcus  (?)  which  was  not  intra- 
cellular, a  slender  polar  stained  bacillus  and  a  rod-like  form  resembling  the 
bacillus  influenzse.     All  were  Gram-negative. 

In  this  case  the  clinical  diagnosis  was  uremia,  yet  postmortem  there  was 
not  sufficient  renal  change  to  verify  it.  Lumbar  puncture  would  have  definitely 
settled  this  diagnosis. 

A  third  case  is  of  little  clinical  interest  because  of  the  inadequate  examina- 
tion and  history  and  the  entirely  unwarranted  diagnosis.  Pathologically  the 
case  presents  an  unusual  distribution. 

Again  the  brevity  of  the  history  permits  its  presentation  in  full.  "Admitted 
to  the  ward  on  a  stretcher  in  a  semi-comatose  condition.  Pupils  reacted  to  light 
very  little:  conjunctival  reflex  absent:  reflexes  of  the  lower  extremities  present 
on  both  sides.  No  abdominal ;  no  cremasteric  reflex.  No  apparent  difference 
in  both  extremities.     Pulse  good;  heart  normal;  temperature  104°." 

The  clinical  diagnosis  was  cerebral  hemorrhage  !  In  the  abstract  the  au- 
topsy protocol  is  as  follows :  The  body  of  a  well  developed  fairly  obese  negro 
of  about  50  years.  Pupils  equal  and  moderately  dilated.  Marked  pyorrhea 
alveolaris  and  slight  evidence  of  herpes  on  the  upper  lip.  There  were  old 
scars  on  both  tibise.  The  apex  of  the  right  lung  was  adherent  to  the  pleura, 
but  there  was  no  pleural  efl^usion. 
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There  was  a  slight  increase  of  sub-epicardial  fat  and  of  pericardial  fluid. 
The  heart  was  somewhat  enlarged,  the  right  side  hypertrophied  and  the  muscu- 
lature fibrotic.  The  mitral  and  tricuspid  valves  were  somewhat  thickened  but 
like  the  other  two  were  entirely  competent.  The  aorta  was  dilated  and  con- 
tained fatty  plaques  with  one  area  of  calcification.  The  course  of  the  (abdo- 
minal) ?  aorta  showed  multiple  areas  of  subintimal  hyaline  thickening.  The 
coronaries  were  somewhat  tortuous  but  their  ostia  were  patent.  In  the  sub- 
stance of  the  liver  were  numerous  yellowish-white  patches.  The  kidneys  showed 
the  usual  picture  of  chronic  interstitial  fibrosis  and  some  retention  cysts.  The 
spleen  and  pancreas  were  congested.  The  stomach  was  enormously  distended 
and  the  superficial  veins  enlarged  particularly  at  the  cardiac  end.  There  too 
the  mucous  membrane  was  tremendously  congested.  Other  than  a  solitary 
petechial   hemorrhage  the   mucous   membrane   of   the   intestines   showed  no   im- 


I'urtant  change  but  tlicre  were  dense  adhesions  of  ihe  ui)])er  loops  to  themselves 
and  of  the  sigmoid  to  itself  and  to  the  descending  colon.  There  was  moderate 
inflammation  of  the  tip  of  the  appendix. 

When  the  calvarium  was  removed  the  dura  was  not  unusually  adherent. 
The  basilar  vessels  were  not  sclerotic  but  there  was  marked  cerebral  conges- 
tion. The  pia  was  generally  edematous  and  showed  multiple  areas  of  opacity 
resembling  exactly  those  seen  in  luetic  meningitis,  but  microsc()])ic  section 
through  these  showed  an  acute  purulent  reaction,  (big.  1.)  Careful  examina- 
tion by  coronal  sections  showed  ikj  trace  of  hemorrhage.  There  was  no  e\  idence 
of  skull  fracture. 

The  grounds  for  tlie  diagnosis  seem  insecure.  The  patient  lived  twenty- 
four  hours  but  no  history  was  secured  and  the  blood  [jressure  is  not  recorded. 
There  is   no   mention   of   hemiplegia   or   any   otlur    form   of   paralysis.      Tn    the 
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face  of  this  and  of  the  high  temperature  the  diagnosis  of  hemorrhage  is  un- 
warranted. Cuhures  of  the  spinal  fluid  would  have  been  of  exceptional  in- 
terest. Whether  such  slight  degrees  of  inflammation  could  be  detected  in  this 
way  deserves  investigation.  It  is  to  be  noted  that  here  too  there  was  a  marked 
pyorrhea  and  as  in  the  first  case  this  may  have  been  the  original  source  of  in- 
fection. 

All  three  of  the  writer's  cases  and  that  quoted  from  Osier  came  into  medical 
hands  in  an  abnormal  mental  state, — two  in  delirium  and  two  with  marked  cloud- 
ing of  consciousness.  Unless  definitely  contraindicated  it  would  seem  almost  im- 
perative to  perform  lumbar  puncture  on  patients  so  received.  Osier  in  the  lec- 
ture quoted  says :  "During  the  past  ten  years  no  single  measure  of  greater  value 
in  diagnosis  has  been  introduced  than  Quincke's  lumbar  puncture."  Of  the  three 
cases  personally  reported  here,  in  the  first  an  earlier  puncture  would  have  pre- 
vented the  disastrous  attempt  at  paracentesis  of  the  pericardium :  in  the  second, 
it  would  have  corrected  an  absolutely  erroneous  diagnosis. 
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LABORATORY  METHODS 


APPARATUS   FOR  USE  IN  EXAMINING  FECES  FOR  EVIDENCES  OF 

PARASITISM* 


By  Maurice  C.  Hall,  Ph.D.,  D.V.M.,  Detroit,  Mich. 

IN  a  previous  paper,^  later  reissued  with  addenda,-  tlie  writer  has  given  a  com- 
parative study  of  metliods  of  examining  feces  for  evidences  of  parasitism. 
In  that  study,  the  various  methods  which  had  been  advocated  were  described 
and  it  was  pointed  out  that  these  numerous  modifications  of  technic  had  as  their 
object  the  concentration  of  parasite  eggs  and  the  faciHtation  of  the  detection  of 
the  eggs  or  of  other  parasitic  material,  such  as  segments,  entire  worms,  etc. 
Such  concentration  is  obtained  by  taking  advantage  of  the  differences  in  physi- 
cal, chemical,  and  biological  properties  between  parasitic  and  nonparasitic  ma- 
terial. These  are  mostly  differences  in  specific  gravity,  size,  physical,  and  chemi- 
cal solubility,  adhesiveness,  and  capacity  for  growth  and  development. 

In  comparative  tests,  the  writer  found  the  most  satisfactory  procedure  to 
lie  in  the  middle  course  between  the  old  and  crude  smear  method  and  the  rather 
elaborate  refinements  which  call  in  the  use  of  various  chemicals.  Very  de- 
pendable results  were  secured  within  a  quite  reasonable  time  by  taking  advan- 
tage of  the  purely  physical  differences  existing  between  parasitic  and  non- 
parasitic material.  These  results  were  obtained  by  the  use  of  screens  to  re- 
move coarse  material  and  use  of  a  liberal  amount  of  water  to  remove  soluble 
coloring  matters  and  fine  matter  in  suspension.  The  use  of  some  apparatus 
for  breaking  up  fecal  masses  w^as  advocated,  and  also  the  use  of  a  centrifuge 
to  save  the  time  required  for  sedimentation  of  samples. 

In  the  years  since  these  studies  were  published,  the  writer  has  continued 
to  find  such  a  method  as  that  outlined  above  quite  satisfactory,  but  has  found 
certain  changes  in  the  apparatus  advantageous.  The  method  1  am  using  at  pres- 
ent is  as  follows : 

Rather  large  fecal  samples,  2  or  3  ounces,  are  used  wherever  possible,  in- 
stead of  the  classical  sample,  "about  the  size  of  a  walnut."  The  reason  for  this 
is  that  in  a  general  way  it  is  desirable  in  our  work  to  ascertain  whether  any 
parasites  are  present,  not  merely  whether  there  is  a  massive  infestation,  l^y  us- 
ing large  samples  and  concentrating  the  eggs  present,  it  is  possible  to  detect 
very  light  infestations.  The  use  of  the  much  simpler  smear  method,  taking  a 
small  amount  of  fecal  matter  on  the  end  of  a  lootlii»itk  and  smearing  it  on  a 
slide  with  a  drop  of  water,  will  pirliaps  serw  ihe  pur])oses  of  th'e  busy  prac- 
titioner who  cannot  take  the  time  and  trouble  lo  use  more  accurate  methods. 
but  it  should  be  understood  that  the  chaiuc  of  detecliiig  light  infestations  in  tliis 
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way  is  much  less  than  where  the  more  elaborate  methods  are  used.  Where  a 
physician  is  primarily  concerned  with  detection  of  massive  infestation  with 
hookworm,  the  smear  method  will  probably  serve  very  well,  especially  since  there 
will  be  clinical  indications  of  such  infestations  in  nearly  all  cases.  But  even  here 
it  should  be  noted  that  in  communities  where  there  are  massive  infestations  with 
hookworm,  there  will  usually  be  simple  or  combined  infestations  with  ascarids, 
whipworms,  Strongyloides  or  tapeworm  also  present,  and  it  is  desirable  to  de- 
tect these  even  in  light  infestations.  Ascarids  are  regarded  as  rather  innocuous 
by  some  physicians,  but  the  writer  would  prefer  an  infestation  with  a  moderate 
amount  of  hookworms  to  an  infestation  with  ascarids  in  any  amount  from  one 
up.  The  large  size  and  wandering-  habits  of  these  worms  make  them  a  potential 
source  of  serious  danger.  Cases  have  been  reported  where  these  worms  have 
entered  the  ducts  of  the  liver  and  pancreas,  crawled  up  the  esophagus  and  down 
the  trachea  to  the  lungs,  or  through  the  eustachian  tube  and  out  of  the  ear; 
where  a  single  worm  has  caused  enterospasm  necessitating  operative  relief ; 
where  they  have  perforated  the  intestine  and  caused  peritonitis;  and  even  the 
not  uncommon,  occurrence  of  vomiting  one  or  more  of  these  worms,  which 
are  about  the  size  of  a  lead  pencil,  is  a  prospect  one  might  w-ell  face  with  hesi- 
tancy. In  \\tw  of  these  facts  it  would  seem  as  well  worth  while  to  employ 
means  to  ascertain  with  the  greatest  possible  accuracy  whether  worms  were 
present,  as  to  employ  the  utmost  accuracy  to  ascertain  whether  Plasmodium  or 
Treponema  or  gonococcus  or  B.  tuberculosis  were  present.  In  any  case  ac- 
curate information  is  the  thing  sought. 

Large  fecal  samples  are  also  desirable  for  the  reason  that  tapeworm  infesta- 
tion is  not  uncommonly  present  without  eggs  being  present  in  the  feces.  It 
occasionally  happens  that  segments  of  tapeworms  are  present  and  can  be  de- 
tected by  using  large  samples  and  screening,  and  that  the  same  fecal  sample  will 
show  no  tapeworm  eggs  owing  to  the  fact  that  the  segments  have  not  ruptured 
and  released  the  eggs.  This  is  less  apt  to  be  the  case  for  infestation  with 
Tcenia,  owing  to  the  position  of  the  uterus  in  that  species,  though  it  is  a  pos- 
sibility there  also,  but  is  'not  uncommonly  the  case  for  such  cestodes  as 
Dipylidium,  where  the  eggs  are  retained  in  ^gg  capsules  in  the  parenchyma  of 
the  segment.  In  addition  to  tapeworm  segments,  the  screens  will  occasionally 
retain  entire  nematodes  or  cestodes  which  are  being  passed,  and  of  course  the 
same  would  be  true  for  flukes. 

In  the  method  previously  given  for  fecal  examinations,  the  writer  described 
the  use  of  a  "milk  shaker,"  of  the  type  where  the  glasses  are  shaken  up  and 
down,  for  use  in  breaking  up  fecal  samples.  This  apparatus,  motor-driven,  was 
very  satisfactory  in  most  respects,  but  had  the  disadvantage  of  being  very  noisy. 
A  substitute  for  this  machine  was  found  in  the  newer  type  of  mixer,  in  which 
a  small  motor  drives  a  vertical  shaft  terminating  at  the  bottom  in  a  smooth- 
edged  hexagonal  disk.  In  this  machine,  which  is  shown  at  the  right  of  Fig.  1, 
the  motor  head  is  lowered  so  that  the  disk  is  near  the  bottom  of  the  inside  of 
the  bottle  containing  the  feces,  the  current  automatically  turning  on  and  spin- 
ning the  shaft  and  disk  as  the  motor  head  is  low^ered.  This  machine  seems  to 
be  an  improvement  over  the  old  type  for  breaking  up  feces.     It  works  more 
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rapidly  and  is  practically  noiseless.  It  does  not  damage  nematodes  or  isolated 
tapeworm  segments  which  may  be  present,  though  it  does  sometimes  break 
tapeworm  strobila;  which  may  be  in  the  feces.  For  the  purpose  of  breaking 
feces  to  release  contained  worm  eggs,  it  gives  entire  satisfaction.  The  old  shak- 
ing machine  worked  with  the  bottle  corked  and  was  odorless  in  operation.  The 
new  machine  works  with  the  bottle  uncorked,  and  does  release  unpleasant  gases, 
but  we  have  carried  a  rubber  tube  from  the  suction  pipe  in  the  laboratory  and 
terminated  the  tube  in  a  small  funnel,  shown  in  the  illustration,  which  is  held  by 
rubber  bands  near  and  above  the  mouth  of  the  bottle,  and  find  that  the  suction 
serves  to  carr}^  away  practically  all  of  the  odors.  The  bottles  used  have  a 
capacity  of  400  mils,  and  water  is  added  to  the  feces  to  make  the  total  content 
about  300  mils. 

The  feces  having  been  thoroughly  disintegrated  with  the  mixer,  they  are 
next  poured  through  a  set  of  sieves.  In  my  former  papers  I  described  a  sieve 
made  by  soldering  brass  screening  to  round  tin  pans  from  which  the  tin  bottoms 
had  been  cut  out  except  for  a  flange  to  which  the  screen  was  soldered.  In  the 
addenda,  I  noted  that  Dr.  Cobb,  of  the  United  States  Department  of  Agriculture 
had  devised  some  oblong  screens  which  he  had  found  satisfactor}^  In  making 
up  screens  for  work  here,  the  round  form  was  abandoned  and  a  screen  which 
is  approximately  square  was  made  up  in  the  shops.  These  screens,  shoM'n  in 
Fig.  1,  are  of  copper,  with  inside  dimensions  about  /J-^  inches  (20  cm.)  square. 
They  are  made  of  two  copper  strips,  swaged  together  at  two  diagonal  corners, 
the  top  half  inch  of  the  metal  being  bent  over  and  doubled  back  against  the  side 
on  two  opposite  sides  to  form  a  reinforced  rim,  and  being  bent  out  and  back  on 
the  other  two  sides  to  form  a  reinforced  flange  which  carries  the  sieve  in  ^ 
rack.  This  flange  is  ^  inch  wide.  The  copper  sides  are  two  inches  high.  On 
the  bottom  of  the  sieves  the  metal  is  bent  in  to  form  a  flange  }i  inch  wide  for 
the  attachment  of  the  brass  screening,  which  is  soldered  to  this  flange.  The 
screens  used  have  mesh  apertures  of  6,  8,  10,  14,  16,  20,  60,  100  and  120  to  the 
inch,  the  latter  being  about  the  finest  screen  that  will  permit  of  the  passage  of 
the  eggs  of  practically  any  worm  parasite.  Each  sieve  has  a  number  stamped  in 
the  front  side  showing  the  number  of  mesh  apertures  to  the  inch  in  its  screening. 
A  solid-bottomed  copper  pan,  of  the  same  shape  and  dimensions  as  the  screens, 
completes  this  part  of  the  equipment. 

In  previous  publications,  the  writer  has  adxocatcd  the  use  of  a  set  of 
screens  which  could  be  "nested,"'  and  which  were  used  in  this  t'ashion  ;  the  feces 
were  poured  through  the  screen  when  the  latter  were  set  one  within  another  in 
proper  order  in  a  glass  dish.  While  still  in  the  service  of  the  United  States 
Bureau  of  Animal  Industry,  I  abandoned  this  I'lan  in  favor  of  the  use  of  a 
rack,  similiar  to  the  right  hand  one  of  the  two  racks  shown  in  Fig.  1,  con- 
iStructed  with  two  solid  board  sides  and  with  the  boards  grooved  so  that  the 
edges  of  the  circular  i)ans  could  be  sli])])cd  into  the  grooves.  The  same  type 
of  rack  serves  even  better  with  the  present  rectangular  sie\es,  ruKJ  has  been  im- 
proved in  the  left  hand  rack  shown  in  Fig.  1.  which  is  a  skeleton  construction. 
lighter  and  less  inclined  to  warj).  This  latter  rack  is  made  of  four  upright 
wooden  pieces  joined  by  a  series  of  transverse  i)icces  on  the  sides  and  back.  an<l 
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by  a  top  and  bottom  piece  in  front.  In  examining  feces  for  eggs,  this  large 
rack,  with  a  carrying  capacity  of  nine  sieves  and  one  solid-bottomed  pan,  is  used, 
the  coarsest  screen  being  at  the  top  and  the  pan  at  the  bottom.  When  examining 
feces  for  worms  passed  after  the  administration  of  anthelmintics,  the  smaller 
rack,  with  an  equipment  of  six  of  the  coarser  screens,  using  the  60  mesh  for 
the  bottom  screen  to  guard  against  the  escape  of  any  worms,  is  used.  The  racks 
serve  as  storage  containers  for  the  sieves  and  pan  when  these  are  not  in  use. 

\\'hen  examining  feces  for  evidences  of  parasitism  in  the  shape  of  eggs  or 
larger  material,  the  feces  broken  up  by  the  mixer  are  poured  through  the  set  of 
screens  in  the  large  rack  and  the  screened  feces  collected  in  the  pan.  The 
screens  are  washed  by  running  clear  water  through  them  until  the  pan  is  per- 
haps half  full.     This  pan  has  a  capacity  of  two  liters.     Then  the  pan  is  pulled 
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Fig.    1. — Apparatus   fur   cominimiting   and   screening   feces,   and   for   washing   screens 


out  and  the  contents  decanted,  sedimented,  washed  and  centrifuged  to  suit  the 
convenience  and  desires  of  the  operator.  The  end  result  is  a  slide  on  which 
there  is  a  minimum  of  foreign  matter,  and  this  foreign  matter  and  the  eggs 
alike  are  washed  clean  and  stand  out  for  just  what  they  are  in  the  clean  water 
from  which  soluble  matter  and  line  suspended  matter  have  been  removed.  Such 
a  slide  can  be  examined  with  a  maximum  certainty  of  detecting  eggs  present 
and  with  a  minimum  amount  of  eye  strain. 

After  the  pan  is  taken  from  the  rack,  the  remaining  sieves  are  washed  by 
running  water  through  from  the  top  until  the  water  from  the  last  sieve  comes 
away  clean ;  in  other  words  until  all  the  soluble  coloring  matter  and  matter  fine 
enough  to  pass  the  screens  are  removed.  Then  the  sieves  are  examined  one  at 
a  time  in  a  glass  tray  of  clean  water.     Parasitic  and  nonparasitic  matter  are 
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now  washed  clean  and  appear  in  their  true  shapes  and  colors.  There  is  little  likeli- 
hood of  mistakino^  vegetable  or  animal  material  for  worms,  and  little  likeli- 
hood of  overlooking  worms.  Substantially  the  same  thing  is  accomplished  in 
examining  feces  with  the  smaller  rack  and  fewer  screens  to  detect  worms  passed 
after  anthelmintics. 

It  is  necessary  that  a  screen  equipment  of  this  sort  be  kept  clean  and  free 
from  contamination  that  w^ould  give  misleading  results.  To  cut  down  the  work 
of  cleaning  these  screens,  the  apparatus  shown  at  the  left  of  Fig.  1  was  con- 
structed.    This  is  essentially  a  copper  box,  3^-2  inches  wide,  9  inches  high,  and 


Fig.    2. — KNtLiior    view    of    dark 


for    niicroscoiiic    \voi-|<. 


10  inches  long;  just  large  enDugh  to  wash  one  screen  at  a  time.  \\  aler  is  sprayed 
in  through  the  fan  shaped  nozzle  at  the  back,  tlie  apcrlure  being  cut  down  by 
solder  plugs  at  intervals  to  increase  the  iovcv  of  the  water.  (  )n  the  front  of 
pis  bo.x  are  three  overflow  lijis  at  the  toji  and  a  Mnall  tube  at  the  bottom;  light 
material  Achats  off  through  llu'  ui)per  lips,  and  hea\\-  inakTial,  such  as  sand,  is 
washed  out  at  the  bottom.  The  box  is  provided  with  a  bd  lo  ])revent  s[)lashing 
ind  is  set  in  a  tray  to  drain  any  overflow  t(j  the  sink.  In  practice,  sieves  are  lirst 
"inscd  under  the  overflow  and  then  put  in  the  box.  ( )ne  sie\e  is  washed  while 
he  next  is  being  examined.      I')\-  using  \erv  hot    water,   tlie  sieves  are   not   only 


352 


THE    JOURNAL    OF    LABORATORY    AND   CLINICAL   MEDICINK 


cleansed,  but  practically  sterilized.  The  mixer  is  very  easily  cleaned  by  holding  a 
damp  cloth  against  the  shaft  or  disk  while  these  are  spinning. 

So  far  as  sterilization  is  concerned,  however,  it  is  advisable  to  have  formal- 
dehyde, a  coal-tar  disinfectant,  or  some  other  adequate  disinfectant,  added  to 
the  original  fecal  sample  whenever  feasible.  This  is  valuable  for  sterilization 
and  also  aids  in  abating  the  odor.  Where  plenty  of  water  is  used,  the  odor  is  a 
matter  of  small  moment,  as  the  substances  responsible  for  it  are  soon  washed 
away. 

The  writer  has  long  been  in  sympathy  with  Dr.  Cobb's  idea  that  in  doing 


Fig.    3. — Interior  view  of   dark  cell   for   microscopic  work. 


microscopic  work  it  was  advisable  to  illuminate  only  the  object  under  the  micro- 
scope and  to  cut  out,  as  far  as  possible,  the  illumination  of  the  microscope  and 
other  extraneous  objects  in  the  room.  However,  the  equipment  which  Dr.  Cobb 
has  used  to  attain  his  object  is  rather  expensive,  the  cost  of  equipping  each  win- 
dow with  the  ver}^  satisfactory  apparatus  which  he  has  devised  being  about 
$80.00  to  $100.00  two  years  ago,  and  probably  more  now.  A  similar  result  may 
be  attained  by  the  use  of  the  simple  and  inexpensive  device  which  is  shown  in 
Figs.  2  and  3.  This  device  consists  of  two  boards,  each  2  feet  long  and  1  foot 
wide,  joined  at  a  right  angle  along  the  long  edges  by  screws.     As  shown  in  Fig. 
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2,  the  boards  are  sawed  out  at  the  bottom  of  this  right-angled  union  to  a  height 
of  8  inches,  and  a  reinforcing  board  fastened  along  the  bottom  of  the  large 
boards  and  across  the  bottom  of  this  aperture  to  prevent  the  structure  from 
falling.  To  further  prevent  falling,  the  angle  formed  by  these  reinforcing 
boards  is  held  under  a  bent  nail.  A  strip  of  black  cloth  (lining)  is  nailed  to  the 
edges  of  the  aperture  and  carried  back  to  the  stage  of  the  microscope,  permit- 
ting light  to  fall  on  the  mirror.  A  large  piece  of  black  cloth  (lining)  is  nailed  to 
the  free  edges  and  top  of  the  large  boards,  and  when  this  is  dropped  over  the 
microscopist,  it  forms  a  dark  chamber  which  is  very  restful  to  the  eyes  in  ex- 
amining fecal  samples  for  parasite  eggs.  Midway  between  the  top  and  bottom 
of  the  boards  is  a  triangular  shelf,  about  a  foot  long  on  its  free  edge,  and  with 
the  free  edge  hollowed  out,  beveled  and  padded  to  make  a  head  rest.  The  wood- 
work of  the  entire  interior  of  the  dark  cell  is  painted  black.  With  this  very 
simple  and  cheap  device,  one  can  examine  fecal  samples  for  hours  and  feel  very 
little  of  the  neck  and  eye  strain  that  would  result  from  the  same  amount  of  work 
in  the  open  and  with  the  head  unsupported.  There  is  only  a  certain  amount  of 
nervous  energy  available  for  work;  and  if  this  energ}^  is  partly  dissipated  in 
unprofitable  strain  on  the  neck  and  eyes  and  in  the  distraction  incidental  to 
'  seeing  the  objects  and  action  in  the  room,  there  is  that  much  less  available  for 
1  concentration  on  the  work  in  hand.  The  use  of  this  apparatus  gives  a  distinct 
I  sense  of  concentration  and  a  feeling  of  greater  satisfaction  in  what  otherwise 
quickly  becomes  rather  tedious  work.  As  Dr.  Cobb  has  pointed  out  in  his 
papers,  few  microscopists  seem  to  appreciate  the  value  of  providing  suitable 
and  comfortable  conditions  under  which  to  work,  but  this  does  not  detract  from 
that  value. 

When  the  cloth  at  the  aperture  for  illumination  of  the  microscope  mirror 
i-  pushed  down  and  the  cloth  at  the  top  and  back  of  the  dark  chamber  dropped, 
tlie  microscope  is  covered  and  protected.  This  arrangement  gives  adequate  pro- 
tection to  the  instrument  and  is  handier  than  the  use  of  a  microscope  case,  as 
the  microscope  is  always  in  place  ready  for  use. 
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EDITORIALS 


Complement  Fixation  in  Tuberculosis 

T  ABORATORY  methods  for  the  early  diagnosis  of  pulmonary  tuberculosis 
-Li  have  been  discussed  in  this  journal,  and  especially  that  of  complement  fix- 
ation.^ 

The  recently  issued  Transactions  of  the  Twelfth  Annual  Meeting  of  the 
National  Association  for  the  Study  and  Prevention  of  Tuberculosis  contain 
articles  on  this  subject  from  various  American  laboratories.  (Corper,  Petrofif, 
Meyer,   Bronf enbrenner. ) 

Many  workers  in  different  countries  have  been  busy  endeavoring  to  find 
an  antigen  suitable  and  reliable  for  this  test.  As  Craig  relates,  it  was  the  study 
of  Wassermann  and  Rruck  upon  complement  fixation  in  tuberculosis  that  led 
to  the  possibility  of  working  out  such  a  test  in  the  diagnosis  of  syphilis;  yet  up 
to  the  present  time,  no  method  of  complement  fixation  in  the  diagnosis  of  tuber- 
culosis has  been  generally  accepted. - 

Corper  in  a  brief  review  of  the  literature  states  that  Widal  and  Lesoiird 
in  1901  were  the  first  to  demonstrate  deviation  of  complement  in  tuberculosis. 
Bordet  and  Gengou  on  whose  early  observations  these  serological  tests  are  based 
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demonstrated  in  1903  tuberculosis  antibody  in  the  sera  of  tuberculous  animals. 
The  great  difficulty  in  the  practical  application  of  this  test  has  been  the  in- 
abiUty  to  discover  and  to  agree  upon  a  suitable  antigen. 

In  the  above  mentioned  series  of  papers  each  worker  has  apparently  de- 
veloped his  own  type  of  antigen. 

Petroff  thinks  there  may  be  more  than  one  antibody  present  in  the  blood 
stream,  one  antibody  may  react  to  a  protein  antigen  while  a  second  antibody 
will  react  to  a  lipoid  antigen.  For  this  reason  Petroff  devised  different  antigens, 
lipoid,  and  protein. 

Dielman"  and  Miich'*  have  advocated  the  use  of  partial  antigens. 
Bronfenbrenner  and  Schlessinger  found  different  samples  of  Besredka's 
antigen,  although  identical  in  preparation,  differed  in  the  amount  of  lipoids  they 
contained.  These  workers  state  that  it  is  necessary  to  free  all  antigen  from 
lipoids  by  separating  the  protein  fraction  by  precipitation  before  employing  it 
as  antigen. 

The  early  experiments  with  old  tuberculin  or  even  with  tubercle  emulsion 
as  antigen  gave  very  uncertain  results. 

Calmette  and  Massol,'^  in  1912,  devised  a  water  and  peptone  soluble  an- 
tigen which  gave  most  reliable  results,  92.5%  of  known  tuberculous  sera  yield- 
ing positive  tests. 

Many  investigators  have  followed  Besredka's  methods,  using  as  antigen 
a  filtrate  of  an  egg  meat  broth  medium  on  wdiich  tubercle  bacilli  have  grown  for 
several  weeks. 

This  antigen,  however,  has  been  shown  to  yield  complete  binding  in  a  some- 
what large  percentage  of  syphilitic  sera,  a  fault  of  manifest  objection  to  its 
usage. 

Some  investigators  such  as  Mcintosh,  Fildes,  and  Radclift'e  conclude  that 
the  antigen  must  contain  living  bacilli. 

Zinsser  and  Miller  have  developed  an  antigen  prepared  by  triturating  living 
or  dead  bacilli  with  dry  crystals  of  sodium  chloride  then  adding  distilled  water 
up  to  isotonicity.     This  idea  would  seem  to  be  founded  on  earlier  observations 
)y   Gay." 

With    this   antigen   the   claim   is   made   that   cross   fixation    with   luetic   sera 
^s  eliminated,  and  that  in  a  large  number  of   cases  of  tuberculosis  the  results 
lave  l^een  accurate  in  over  90%  of  the  sera  studied.    Also  by  the  tests  made  with 
his  antigen  the  degree  of  activity  of  the  disease  may  be  measured. 

Such  claims  may  prove  of  far  reaching  importance  both  for  the  diagnosis 
nd  for  the  prognosis  of  tuberculosis.  E.  R.  Iialdwin,"  ho\ve\er,  is  not  yet  pve- 
ared  to  accept  these  tests  as  of  value  in  the  diagnosis  of  tuberculosis  although 
onceding  their  value  for  conl'irmation.  lie  regards  their  results  regarding 
>rognosis  as  cornjborative  of  the  findings  of  clinicians,  in  ihal  patients  who  have 
pparently  arrested  pulmonary  tuberculosis  should  not  consider  themseh'es  out 
f  danger  for  several  years  to  ci>nu';  the  coniplenienl  fixation  test  being  usually 
ositive  many  months  after  apparent  cure,  and  onlv  gradualK'  returning  to 
egative. 

\\  e   ha\e   employed    se\  eral    antigens    in   a   series   of   several   hundred    cases 
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of  pulmonary  tuberculosis  including  early  and  late  types.  Those  of  Calmette 
and  Massol,  and  of  Zinsser  and  Miller  have  appeared  reliable. 

These  cases  have  all  been  carefully  controlled  by  clinical  examinations  and 
by  x-ray  plates.  The  results  so  far  would  appear  to  support  the  claims  of  the 
originators  of  these  antigens ;  that  the  complement  fixation  test  in  pulmonary 
tuberculosis  at  least  is  most  satisfactory  both  for  diagnosis  and  for  prognosis. 
We  have  rarely  seen  cross  fixation  with  luetic  sera  and  we  feel  that  in  this  test 
we  have  a  serological  examination  as  valuable  in  pulmonary  tuberculosis  as  the 
Wassermann  reaction  in  syphilis.  Just  as  in  this  disease  the  serum  is  set  up 
to  several  antigens,  so  it  would  seem  best  not  to  rely  on  only  one  antigen  in 
tubercle  fixation. 

The  cutaneous  tuberculin  reactions  are,  as  we  know,  still  positive — denoting 
a  hypersusceptibility — when  tuberculous  foci  are  healed,  whereas  we  find  the 
complement  fixation  test  to   be   negative   under   these   conditions. 

Only  a  vast  number  of  cases  can  finally  settle  the  value  of  this  reaction. 
The  specificity  of  the  reaction  with  the  recently  introduced  antigens  would 
seem  to  be  settled. 

The  varying  methods  of  preparing  these  antigens,  by  autolysis,  by  salt  ex- 
traction, and  bv  Petrofi^'s  method  may,  in  time,  be  shown  to  have  arrived  at  a 
common  end  in  the  production  of  a  reliable  antigen. 
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Hunger  and  Appetite 

\  RATIONAL  guidance  of  the  desire  for  food  and  means  for  stimulating  or  | 
-^~^  controlling  the  appetite  in  pathological  states  can  be  obtained  only  when  a  i 
knowledge  of  the  determining  factors  of  hunger  are  known.  I 

Professor  A.  J.  Carlson,  of  the  University  of  Chicago,  has  been  very  for- 
tunate in  having  in  his  service  a  young  man,  who  on  account  of  a  complete  stric- 
ture  in   his   esophagus,  has   a   permanent   gastric   fistula.      The  fistula   is   large 
enough  to  allow  direct  observation  of  changes  taking  place  in  the  stomach,  and, 
to  permit  the  insertion  of  various   instruments.     Prompted,   no   doubt,   by  the! 
opportunity  which  such  a  subject  offers  for  the  study  of  gastric  function,  Dr' 
Carlson  and  his  pupils  have  conducted  an  extensive  series  of  researches  upoi 
the  cause  and  control  of  hunger  and  appetite,  and  have  extended  these  invcs 
ligations  to  include  observations  upon  normal  and  pathological  individuals  an« 
upon  animals  under  various  experimental  conditions.     The  results  of  these  re 
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searches  have  been  recently  summarized  by  Dr.  Carlson  in  a  book  entitled  "The 
Control  of  Hunger  in  Health  and  Disease"*  Any  clinician  who  is  interested 
in  gastric  disease  should  not  fail  to  read  the  volume. 

Carlson  shows  that  the  normal  empty  stomach  is  continually  undergoing 
changes  in  muscle  tone;  and,  superimposed  upon  these  small  contractions,  there 
occur  periodically  strong  contractions  of  the  gastric  musculature,  which  other 
observers  have  shown  to  be  simultaneous  with  the  sensation  of  hunger.  These 
contractions  the  author  calls  "hunger  contractions,"  and  the  period  during  which 
they  occur,  "the  hunger  period."  A  high  degree  of  tone  in  the  gastric  muscle 
may  be  accompanied  by  a  dull  sensation  of  hunger,  but  it  is  only  during  periods 
when  the  contractions  are  strong  that  the  actual  pains  of  hunger  occur.  The 
contractions  at  the  beginning  of  the  hunger  period  are  feeble  and  of  slow 
rhythm,  but  gradually  become  more  and  more  rapid  and  intense,  with  a  corre- 
sponding increase  in  the  hunger  sensation. 

Because  Carlson  has  experienced  the  sensation  of  hunger  during  the  con- 
traction of  the  stomach  which  follows  a  sudden  distention  of  its  walls,  he  con- 
cludes that  the  contraction  in  some  way  initiates  the  afferent  nerve  impulse 
which  gives  rise  to  hunger.  He  was  unable  to  produce  hunger  by  any  form  of 
stimulation  of  the  gastric  mucosa,  the  esophagus,  or  the  intestines. 

The  author  found  that  during  the  hunger  period  there  is  a  great  increase  in 
the  reflex  excitability.  Perhaps  this  may  explain  the  old  saying,  "cross  and 
hungry  as  a  bear,"  and  also  the  cause  of  some  of  the  sensor}^  phenomena  which 
are  experienced  by  many  people  during  hunger.  During  the  hunger  period  the 
pulse  rate  and  blood  pressure  are  usvially  increased.  This  change  may  explain 
the  relief  of  some  headache  following  the  taking  of  food. 

Dr.  Carlson  was  unable  to  produce  the  sensation  of  pain  by  any  form  of 

stimulation  of  the  gastric  mucosa,  short  of  actual  destruction  of  the  cells  and 

herve  endings.     He  suggests  that  pain  produced  in  this  way,  or  that  occurring 

m  some  types  of  gastritis  where  even  water  or  gastric  juice  cause  pain,  ma}^  be 

due  to  over  stimulation  of  nerve  fibers  other  than  those  of  "protopathic"  pain. 

Whether  such  pain  is,  as  Hertz  believes,  due  to  hyperperistalsis,  or  to  the  actual 

njury  to  the  gastric  mucosa  cannot  be  determined  from  the  present  evidence. 

The  only  phvsiological  pain   from  the  stomach   evidently  is  hunger  ]>ain.     Any 

)ther  pain  indicates  a  pathological  process,  or  the  stinnilation  of  hyperexcitable 

itomach  nerves.     All  attemj)ts  to  demonstrate  any  tactile  receptors  in  the  mu- 

osa   met    with    failure,    but    pr()to])athic    temi)eraturc    sense    was    found    to    be 

)resent. 

vSomc  ])eople  conij)lain  of  nausea  when  lhc\-  an'  hungry,  and  of  being  liun- 
ry  when  ihey  are  nauseated.  Dr.  Carlson  beliexes  that  the  sensations  are  not 
like.  Hunger  involves  the  kinesthetic  ner\'es  of  tlie  stomach,  while  nausea  of 
astric  origin  is  due  to  stimulation  of  the  ner\es  of  thi'  mucosa,  lie  thinks. 
owever,  that  under  certain  conditions,  as  in  persons  witli  hyperexcitai>le  vagi, 
rong  hunger  may  actually  pass  into  nausea. 

The  feeling  of  satiety  following  a   full  meal  apjiears  to  involve  several   fac- 

•Carlson,  Aiitox  J.:  Tlic  Control  of  IIuhklt  in  lU-.illli  ;m(l  I  )i>(.:ihc.  rinv.r-iiv  nf  Cliir.-uM.  I'lcss, 
lirago,  1916. 
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tors,  none  of  which  depend  upon  the  nerves  of  the  gastric  mucosa.  The  sen- 
sation of  fulhiess,  accompanied  by  the  memory  of  taste  and  smell  of  food  are  all 
required  to  give  this  feeling". 

The  author  considers  appetite  and  hunger  entirely  different  sensations. 
Hunger  is  produced  by  the  contraction  of  the  muscle  of  the  stomach  and  the  re- 
sulting stimulation  of  receptors  in  the  muscle  coats.  Appetite,  he  believes  to  be 
primarily  dependent  upon  past  experiences  with  food,  a  pleasant  memory  of 
which  is  essential.  Apparently  appetite  is  a  special  complex  case  of  the  general 
desire  for  pleasure,  which  is  modified  somewhat  by  a  gastric  element.  This 
latter  element  he  demonstrates  by  placing  chemical  substances  too  dilute  to 
cause  pain  or  discomfort,  such  as  alcohol,  mustard,  pepper,  etc.,  into  the  stom- 
ach. He  finds  that  these  aflrect  the  consciousness  in  an  opposite  sense  to  pain, 
and  in  a  w-ay  possibly  identified  with  appetite.  If  such  substances  are  intro- 
duced into  the  stomach  without  stimulating  the  taste  or  olfactory  nerves,  a  sen- 
sation akin  to  the  "coming  appetite"  experienced  by  normal  individuals  when 
eating  is  experienced. 

Such  substances  introduced  during  a  hunger  period  abolishes  the  sense 
of  hunger  and  gives  rise  to  a  pleasant  feeling  accompanied  by  thoughts  of  the 
dinner  table.  It  is  a  very  significant  fact  that  normal  gastric  juice,  having  full 
acid  strength,  is  capable  of  giving  this  sensation.  Gastric  juice  weaker  than  this 
abolishes  the  hunger  contractions,  but  fails  to  excite  what  we  may  provisionally 
call  the  gastric  element  of  appetite. 

Carlson  concludes  that  the  process  of  feeding  is  an  inherited  instinct ;  a  re- 
flex which  becomes  augmented  by  the  hunger  state.  In  support  of  this  conclu- 
sion he  finds  evidence  in  the  fact  that  the  hungry  babe  puts  everything  to  its 
mouth.  Experience  soon  teaches  it  that  food  removes  the  pains  of  hunger,  and 
gives  it  pleasure.  It,  therefore,  associates  the  food  with  the  hunger  pains,  and 
its  appetite  with  the  pleasure  experienced  in  eating. 

Of  interest  especially  to  pediatricians  are  the  experiments  conducted  by 
Carlson  upon  the  hunger  mechanism  in  babes.  These  showed  that  the  infant's 
stomach,  immediately  after  eating,  is  relatively  quiet,  but  as  the  stomach  emp- 
ties, feeble  tonus  contractions  appear  which  increase  in  rate  and  activity  until, 
two  or  three  hours  after  nursing,  they  end  in  typical  hunger  contractions.  If 
food  is  at  hand,  infants  eat  when  the  hunger  sensation  is  strong  enough  to  make 
them  uncomfortable  and  usually  thrive  upon  this  procedure.  If  the  presence  of 
hunger  contractions  is  biological  evidence  that  the  stomach  is  ready  to  receive 
food,  the  editor  wonders  if  the  long  pauses  between  feeding  insisted  upon  by 
one  school  of  pediatricians  is  not  a  rather  doubtful  means  of  improving  nature. 

The  author  found  that  the  contractions  of  hunger  are  much  stronger  in 
the  young  stomach  than  in  the  old.  That  this  is  not  due  to  the  decrease  in  the 
metabolism  is  shown  by  the  fact  that  even  during  starvation,  when  the  hunger 
contractions  are  augmented,  the  old  stomach  never  shows  the  same  strength  of 
contractions  that  the  young  one  does. 

The  author  and  one  of  his  pupils  investigated  on  themselves  the  effect  of  ai 
fast  of  five  days'  duration  upon  the  hunger  mechanism.  During  the  fast  in  bothj 
cases  there  was  no  decrease  in  the  gastric  tonus  or  in  the  hunger  contraction v 
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The  sensation  of  hunger  was  weaker  at  the  end  of  the  period  than  one  would 
expect  from  the  intensity  of  the  hunger  contractions.  The  appetite  increased 
somewhat  on  the  first  days  of  the  fast,  but  on  the  last  two  days  it  decreased. 
This  weakening  of  the  hunger  sensation  and  the  appetite  may  be  due  to  a  de- 
pressed cerebral  activity  at  this  time.  Upon  breaking  the  fast,  all  the  mental 
depression  and  much  of  the  weakness  disappeared  at  once.  The  second  day 
after  the  fast  Dr.  Carlson  states  that  he  felt  as  if  he  had  returned  from  a 
month's  vacation  in  the  mountains,  and  was  able  to  do  an  unusually  large  amount 
of  work.  This  observation  is  in  keeping  with  McCuUom's  statement  that  peri- 
ods of  increased  growth  and  improved  body  metabolism  follow  a  fast  in  ani- 
mals. The  author  remarks  that  the  discomforts  of  starvation  were  greatest  the 
first  two  days,  but  at  no  time  did  they  amount  to  actual  suffering.  He  also  says 
that  voluntary  starvation  cannot  be  considered  a  heroic  act,  and  that  starvation 
experiments  on  animals  in  the  interest  of  science  cannot  be  called  cruelty. 

Numerous  experiments  were  made  to  determine  the  relationship  of  the 
nervous  system  to  hunger.  These  showed  that  hunger  contractions  occur  in 
decerebrate  animals  and  during  deep  sleep,  and  that  they  are  not  under  the  con- 
trol of  the  will.  If  the  hungry  individual's  attention  is  directed  to  other  things, 
the  lesser  contractions  do  not  afl:'ect  consciousness,  but  the  more  intense  ones  do, 
save  during  deep  sleep  and  at  times  of  exceptional  mental  activity.  Habits  of 
eating  do  not  modify  the  occurrence  of  these  contractions.  Hunger  is  felt  when 
the  stomach  is  empty,  and  the  body  requires  food.  The  sight  of  food  increases 
the  appetite,  but  does  not  increase  the  strength  of  the  contractions  in  a  starv- 
ing stomach.  Carlson  found  that  stimuli  received  through  the  gustatory,  ol- 
factory, or  gastric  mucosa  nerves,  in  no  case  augmented  the  hunger  contrac- 
tions, but  when  these  stimuli  were  effectual  at  all,  inhibition  resulted,  the  in- 
hibition, on  the  whole,  being  proportional  to  the  strength  of  the  stimulus. 

The  stomach,  completely  isolated  from  its  nerve  supply,  still  exhibits  hun- 
ger contractions  although  they  are  modified!  in  strength  and  rhythm.  li  the 
splanchnics  alone  are  severed,  psychic  stimulation,  which  usually  causes  inhibi- 
tion, no  longer  has  as  marked  an  effect  as  normally.  The  cutting  of  the  vagi 
leaves  the  stomach  in  a  hypotonic  state,  but  the  hunger  contractions  still  i)cr- 
sist  witli  alterations  in  rate,  rhythm,  and  strength,  v^omc  intestinal  states  in- 
hibit the  contractions,  a  fact  which  may  give  an  explanation  of  the  absence  of 
hunger  in  many  cases  of  appendicitis,  gall  stones,  etc.  The  i)aths  by  which  the 
augmentary  anrl  inhibitory  stimuli  which  aft'ect  the  luuiger  contractions  reacii 
the  brain  or  the  connecti(jns  which  tiiey  make  in  the  cerebral  cortex  with  the 
motor  nerves  of  the  stomach  have  not  been  determined.  Dr.  Carlson  points 
out  that  such  work  must  be  accomplished  by  the  clinician,  since  means  for  such 
investigation    arc    not    within    reach    of    the    physiologist. 

Carlson  investigated  the  hunger  contractions  in  conditions  known  to  in- 
crease the  hunger  sensations-  such  as  pancrealit-  diabetes,  phloihi/in  diabetes. 
the  hunger  following  profound  hemorrhage  and  prolonged  starvation.  In  all 
these  conditions  he  discovered  hunger  contractions  of  great  intensity.  The 
blood  from  dogs  sufl"erin^  from  the  conditions  injected  into  normal  dogs 
during  a  period  of  hunger  contraction  augmented   the  existing  contractions,  but 
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if  injected  during  a  nonhunger  period,  no  effect  could  be  demonstrated.  The 
blood  apparently  contains  a  harnione  under  these  conditions,  which  stimulates 
contractions  when  the  inhibitory  factors  are  weak.  The  relationship  which  such 
a  harmone  plays  is  not  clear,  for,  as  Carlson  points  out,  it  is  difficult  t'o  ac- 
count for  the  periodicity  and  the  abrupt  termination  which  characterize  the 
hunger  contractions  during  a  fast  on  the  basis  of  a  hunger  harmone  secreted 
by  the  tissues. 

The  results  of  Carlson's  researches  lead  one  to  believe  that  the  hunger 
contractions  arise  automatically  within  the  neuromuscular  apparatus  of  the 
stomach.  The  exact  stimulus  which  initiates  them  is  questionable ;  perhaps  a 
harmone  secreted  by  the  tissues  or  the  lack  of  tension  on  the  walls  of  the  stom- 
ach play  a  role.  The  movements  are  modified  by  the  extrinsic  gastric  nerves  in 
a  way  analogous  to  the  control  which  the  cardiac  nerves  have  upon  the  heart. 

Alterations  in  the  hunger  sensation  are  known  to  occur  in  many  pathological 
conditions.  Carlson  found  that  the  polyphagia  of  pancreatic  diabetes  was 
accompanied  by  abnormally  strong  hunger  contractions.  Dogs  suft'ering  with 
the  mange  have  big  appetites,  suffer  from  the  cold,  and  show  very  intense 
hunger  contractions.  Gastritis,  induced  in  dogs  by  the  administration  of  large 
doses  of  alcohol,  caused  a  suspension  of  hunger  contractions  for  a  day  or  so. 
The  gastric  contractions  as  well  as  the  desire  for  food  returned,  however,  be- 
fore the  dogs  were  able  to  retain  food  without  vomiting.  In  these  cases  hunger 
and  nausea  were  both  present.  Distemper,  pneumonia,  and  peritonitis  all  caused 
an  inhibition  of  the  gastric  tonus.  Artificial  pyloric  constriction  in  the  dog 
caused  a  great  increase  in  the  contractions,  and  a  hyperperistalsis  of  the  stom- 
ach. These  phenomena  are  similar  to  those  observed  in  man  with  pyloric  ob- 
struction. 

Patients  suffering  with  diabetes,  gastric  cancer,  and  neurasthenia  referred 
to  the  stomach,  all  showed  abnormally  intense  gastric  contractions.  The  pains 
of  gastric  ulcer  apparently  arise  from  hunger  contractions,  not  abnormally  in- 
creased, but  perceived  as  more  painful  than  hunger  pains  because  of  the  hyper- 
excitability  of  the  nerve  fibers  in  the  stomach.  The  gastric  pain  occurring  in 
gall  bladder  disease  some  time  after  a  meal,  is  probably  due  to  rhythmical  con- 
tractions of  the  gall  bladder  parallel  with  the  hunger  contractions  of  the  stomach. 
In  high  fevers  the  hunger  mechanism  is  inhibited. 

—R.   G.  P. 


A  rteriosclerosis 


CERTAINLY  a  large  proportion  of  the  vascular  lesions  one  sees,  especially 
those  in  the  aorta,  is  of  infectious  origin,  judging  from  the  microscopic 
appearances.  That  is  to  say,  they  are  typically  inflammatory  lesions  which  orig- 
inate in  the  media  about  the  vasa  vasorum.  There  is,  however,  a  large  number 
of  cases  in  which  these  inflammatory  lesions  are  absent,  but  in  which  there  are 
evidences  of  degenerative  changes  which  are  represented  by  fatty  plaques  and 
streaks  showing  through  the  intima,  and  others  in  which  the  lesions  are  merely 
productive   ones   affecting   the   intima   itself.      Practically   all    investigators   who 
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have  endeavored  to  produce  vascular  lesions,  experimentally,  with  bacteria,  have 
succeeded  in  causing  inflammatory  lesions  associated  with,  in  many  cases,  de- 
generative changes.  Those  who  have  used  adrenalin  have  produced  only  degen- 
erative lesions. 

Bailey^  has  experimented  with  a  toxin — that  of  the  diphtheria  bacillus — 
which  he  has  used  in  sublethal  doses  over  different  periods  of  time,  and  studied 
the  effects  upon  the  vascular  system  and  the  kidneys  of  rabbits.  In  order  to 
discover  the  relation  of  high  blood  pressure,  he  has  used  pituitrin  in  combination 
with  the  toxin  in  one  series.  Pituitrin  was  used  because  it  produces  no  vascular 
lesions.  He  has  been  able  to  produce,  with  large  doses  of  toxin,  a  vascular  de- 
generation involving  the  entire  aorta,  the  carotids  to  the  base  of  the  skull,  the 
subclavians  and  iliacs,  and,  for  a  varying  distance  distally,  the  brachials, 
femorals,  and  large  abdominal  vessels.  In  combination  with  pituitrin  extensive 
calcification  occurred,  due,  Bailey  believes,  to  the  production  of  more  extreme 
fatty  degeneration.  In  the  kidneys  the  toxin  produced  a  pronounced  vascular 
and   parenchymatous   degeneration. 

Bailey  remarks  that  the  experiments  do  not  show  the  effects  of  frequently 
repeated  small  doses,  and  it  strikes  one  that  this  is  what  should  be  shown  if  the 
application  is  to  be  valuable.  An  individual  does  not,  during  disease,  get  a  large 
dose  of  toxin  at  10  a.  m.,  and  then  none  for  another  day  or  more.  He  is  poi- 
soned by  more  or  less  continuous  absorption  of  toxic  materials  which  are  pro- 
duced in  gradually  increasing  amounts  and  then  in  gradually  decreasing  amounts. 
In  diphtheria,  the  course  of  the  disease  is  short  and  the  period  of  absorption  is 
brief ;  in  typhoid,  the  course  is  longer ;  in  intestinal  stasis,  it  may  be  very  pro- 
tracted— but  in  all  it  is  continuous. 

The  thing  that  Bailey's  work  is  useful  to  demonstrate  is  that  a  certain  type 
(degenerative)  of  arteriosclerosis  is  not  microbic — not  infectious — in  origin,  i)ut 
toxic,  and  that  the  lesions  may  be  produced  by  concentrated  materials. 


^Bailey:     Jour.   Kxper.  Med.,   1917,  xxv,    109. 

—P.  G.  W 


A 


Thymus 

VERY  consideraljle  amount  of  experimental  work  has  l)een  done  upon  the 
thymus,  the  object  of  it  being  to  disco\cr  whether  or  not  this  organ  has 
any  important  place  in  the  economv  of  the  organism.  A  large  part  of  t'lis 
work  has  been  carried  out  with  guinea  pigs  -the  normal  laboratory  animal.  'I'he 
results  have  been  contradictory,  i'or  instance,  since  1845  when  Reslelli  jier- 
formed  his  first  experiments,  major  re])orts  have  been  made  by  more  than 
twenty-five  investigators  on  at  least  fonrleen  sjiecii's  of  animals.  ."-^onie  ha\e 
been  able  to  see  no  results  of  remo\al  and  ha\e  infeiTt'd  thai  the  ihynuis  has 
either  no  function  in  ])ost-feta]  lil'e  or  that  none  ean  hi'  diMnonstratod.  Others 
have  seen  changes  of  a  transitorv  I'haraiMei'  develop  and  conse(|niiil  ly  have 
thought    that    the    th\-mus    exercises    a    transitor\-    function    con'espondinL;    to    its 
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own  life  history.  Still  others  have  determined  that  removal  of  the  thymus  is 
followed  by  symptoms  and  pathological  c'hanges  of  a  profound  character,  cul- 
minating in  death,  and  have  drawn  the  conclusion  that  the  thymus  is  essential  to 
life. 

A  recent  communication  by  Park^  has  to  do  with  a  new  series  of  experi- 
ments in  which  the  guinea  pig  was  used.  In  this  communication  one  very  strik- 
ing observation  was  made  which  upsets,  to  say  the  least,  a  large  amount  of  pre- 
vious work.  Park  found  that  accessory  lobes  of  thymus  derived  from  the  third 
thyro-pharyngeal  pouch,  occurring  in  close  association  with  the  parathyroid  from 
the  third  pouch,  were  present  in  the  cervical  tissue  of  11  out  of  14  guinea  pigs. 
He  believes  that  the  same  conditions  would  have  been  found  in  all  14  but  for 
technical  errors.  In  some  animals  other  additional  lobes  of  thymus  tissue  were 
found  at  some  distance  from  the  main  lobe.  The  almost  impossibility  of  com- 
plete thymectomy  without  disturbance  of  other  cervical  organs  is  made  obvious 
by  these  observations,  and  the  previous  extirpation  experiments  of  former  work- 
ers must  be  discarded. 

In  Park's  animals  in  which  a  complete  extirpation  seemed  to  have  been 
accomplished,  no  physiologic  effects  were  observed. 

Park  recalls  that  Basch  is  authority  for  the  statement  that  herbivora  are  poor 
subjects  for  this  sort  of  experiment,  because,  very  early  in  these  animals,  bone 
has  a  high  calcium  content,  which  acts  in  a  protective  manner  against  the  in- 
fluences that  result  from  cessation  of  thymus  function.  And  yet  it  is  well  known 
that  rickets  occurs  spontaneously  in  herbivora,  and  numerous  investigators  have 
reported  changes  in  the  skeleton  of  the  rabbit  following  thymectomy,  and  one 
(Klose)  has  obtained  rachitic-like  changes  in  goats.  No  one,  however,  has 
succeeded  in  producing  alterations  in  the  skeleton  of  the  guinea  pig  by  thymec- 
tomy. If,  as  Park  says,  Basch's  observation  is  true,  that  removal  of  the  thymus 
is  less  apt  to  be  followed  by  bone  changes  in  herbivora  than  in  omnivora  or  car- 
nivora,  another  explanation  is  that  extirpation  of  the  thymus  in  the  former  is 
almost  invariably  incomplete. 

All  this  recalls  the  lack  of  agreement  concerning  the  cause  of  "thymus 
death."  If  Park's  observ^ations  are  true,  and  especially  if  they  are  extended  to 
other  groups  of  animals,  then  the  mechanical  cause  in  these  cases  must  be  con- 
ceded to  be  the  essential  one. 


iPark:  Jour.  Exper.  Med.,  1917,  xxv,  129. 

—P.  G.  W. 


The  So-called  Much-Weiss  Tubercle  Granules 

1\ /TARMOREK,  in  1900,  noticed  that  young  tubercle  bacilli  were  often  not 
^^^  acid-fast.  E.  Klebs,^  a  few  years  later,  according  to  Ravenel,  published 
confirmatory  and  more  extensive  observations. 

In  1907  Miich,-  by  means  of  a  modified  Gram's  stain,  demonstrated  two 
non-acid-fast  forms  of  tubercle  bacilli.  Almost  simultaneously  Michaelides' 
published  somewhat  similar  findings. 
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Aleader,*  in  a  very  thorough  review  of  the  Hterature  concerning  tubercle 
bacilli  not  stainable  by  Ziehl,  discusses  the  clinical  significance  of  what  are  now 
known  as  the  I\Iuch-\\'eiss  granules  and  granular  organisms.  It  is  assumed 
that  these  may  be  degenerate  types  of  tubercle  bacilli  and  are  non-acid-fast  be- 
cause of  the  absence  of  the  wax  coating. 

Fishberg,^  on  the  evidence  and  arguments  presented  by  different  investi- 
gators, accepts  the  probability  that  a  diagnosis  of  pulmonary  tuberculosis  can 
be  made  on  the  findings  of  these  granules  when  acid-fast  bacilli  cannot  be  dis- 
covered in  sputum. 

There  has  always  been  some  difficulty  in  easily  demonstrating  tubercle 
bacilli  in  the  pus  from  cold  abscesses,  in  the  discharges  from  tuberculous  ears, 
in  the  contents  of  many  tuberculous  lymph  nodes,  and  in  the  drainage  from 
sinuses  such  as  rectal  fistul^e.  It  is  claimed  that  in  such  conditions  the  Miich- 
W'eiss  granules  are  especially  liable  to  be  discovered. 

Some  experimentations  on  guinea  pigs  would  appear  to  have  been  car- 
ried out  to  prove  that  these  granules  can  produce  tuberculosis  following-  their 
inoculation.  It  must  be  borne  in  mind,  however,  that  very  few  genuine  virulent 
bacilli  (less  than  ten)  can  infect  a  guinea  pig  when  injected  subcutaneously  and 
that  these  few  bacilli  may  easily  have  been  overlooked  in  smears  from  such 
discharges. 

\\'ith  all  the  favorable  arguments  of  difTerent  workers,  enough  animal  in- 
oculations have  not  been  carried  out  and  this  corroborative  evidence  is  especially 
lacking  in  a  majority  of  the  reports  presented.  Neither  would  it  appear  that 
sufficient  evidence  has  been  presented  from  postmortem  examinations. 

The  report  of  Fraenkel  and  Much®  that  identical  granule  forms  are  to  be 
found  in  the  glands  of  Hodgkins'  disease  and  of  lymphatic  leukemia  structures, 
would  hardly  seem  to  strengthen  the  theory  that  these  granules  stained  in  this 
manner  are  really  tubercle  bacilli. 

In  our  own  investigations  we  have  so  far  failed  to  infect  guinea  pigs  with 
the  sputum  in  which  the  Much-\\^eiss  granules  have  alone  been  demonstrated. 
On  the  other  hand,  with  large  amounts  of  sputa  repeatedly  found  negative  to 
the  Ziehl  staining  tyjie  of  tubercle  bacillus  and  in  which  these  Gram  positive 
granules  were  never  discovered,  we  were  able  after  several  trials  to  infect  a 
guinea  pig  and  the  true  nature  of  the  disease  was  determined. 

Postmortem  evidence  is  of  even  greater  value.  A  man  of  60,  with  persistent 
fever  for  several  years,  was  pronounced  a  case  of  pulmonary  tuberculosis  by 
several  eminent  clinicians.  All  clinical  signs  were  certainly  typical  of  this  dis- 
ease. Very  many  examinations  of  the  sputa  failed  to  reveal  Ziehl  staining 
tubercle  bacilli.  The  Much  granules  were  repeatedly  demonstrated  by  the  \\'eiss 
double  stain.  Guinea  pig  inoculations  were  ncgati\e.  'I'he  case  came  to  autopsy. 
I  Not  a  trace  of  tubercle  infection  eonhl  be  anyulu're  detected.  The  case  was 
■nc  of  chronic  interstitial   ]ineuin(  )nia. 

Until  more  convincing  evidence  is  reported  of  corroboration  by  guinea  pig 
inoculation  and  bv  postmortem  ])roof,  it  could  hardly  seem  justifiable  to  render 
a  diagnosis  of  ])ulnionarv  tuberculosis  by  the  finding  of  these  Miicli Weiss 
granules  in  the  sputum  oi  suspected  cases. 
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\\'hat  the  exact  nature  of  these  granules  may  prove  to  be,  it  is  impossible 
to  surmise.  It  is  to  be  remembered  in  such  investigations  that,  if  possible,  two 
or  three  ounces  of  sputum  are  to  be  concentrated  and  treated  and  finally  re- 
duced to  a  very  small  centrifugated  sediment.  The  method  is  laborious  and 
very  time  consuming  and  cannot  at  this  time  be  recommended. 
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ORIGINAL  ARTICLES 


SPIROCHETES'* 


By  Hideyo  Noguchi,  M.D.,  New  York  City. 


''P^ODAY  a  spirally  shaped  microorganism  may  be  called  either  Spirochaeta, 
A  Spirillum,  Treponema,  Spironema,  Cristispira,  or  Saprospira,  according  to 
the  characteristics  of  the  organism.  The  choice  of  the  generic  name  for  a  given 
variety  is  still  very  much  dependent  upon  the  individual  views  held  by  different 
investigators,  and  this  has  led  to  a  somewhat  chaotic  state  of  affairs  in  the  nomen- 
clature of  this  group  of  organisms.  This  is  found  to  be  the  case  more  especially 
in  the  medical  literature  where  these  minute  spiral  organisms  play  an  important 
part  as  causative  agents  of  certain  diseases.  Nevertheless,  thus  far  but  little 
attention  has  been  paid  to  the  systematic  position  occupied  by  them.  Since 
Ehrenberg,^  in  1838  introduced  a  new  generic  term,  "Spirochaeta"  to  designate  a 
free  living  spiral  organism  which  he  found  in  a  swamp  near  Berlin,  it  remained 
practically  unnoticed  until  1904  v^dien  Schaudinn-  stated  as  his  view  that  so- 
called  Spirochaeta  constitutes  a  phase  of  the  life  cycle  of  trypanosomes ;  hence, 
that  they  are  of  protozoan  origin  instead  of  being  plants.  It  may  here  be  men- 
tioned that  Ehrenberg,  Migula,  and  other  systematists  classified  the  Spirochete 
under  Uacteria,  which  classification  was  accepted  for  nearly  seventy  years. 
Indeed,  it  was  not  uncommon  among  medical  authorities  to  employ  the  terms 
Spirochaeta  and  Spirillum  intcrchangealtly.  Medical  men  may  consider  the  causa- 
tive agent  of  relapsing  fever  as  being  a  Spirillum  or  a  Spirochieta,  according  to 
their  inclination.  This  sort  of  indiscriminate  use  of  terms  lias  gradually  extended 
to  other  spiral  organisms,  such  3s  the  causative  agent  of  syi)hilis.  .According  to 
the  old  school  it  was  of  very  little  importance  whether  a  spiral  organism  had  one 
or  two  polar  flagella  or  a  tuft  of  flagclla,  so  long  as  both  vS]iinxdKvta  and  Spiril 
lum  belonged  to  the  same  family.  C3n  the  other  hand,  ScMuuKhnn  .'uid  his  school 
maintained  tliat  tlic  difference  between  v^piroch;et;i  and  v*^iiirilhiin  is  no  longer  so 

•From    llu-    Kotkcfcller    Tiisliliitc    for    Mcilic-al     Ucsc.-ircli. 
llarvfv  lecture  delivcri-<l  <>i\   lH-l.ni,uy  5,    I'Mi,,  .a   ilu-   New   \'i>rk   Ao.iiK'iiiy   of   Modiciiio. 
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easily  disposed  of  since  one  is  of  plant  and  the  other  of  animal  origin.  The 
revolutionary  view  of  Schaudinn  was  based  chiefly  upon  his  observations  on  a 
protozoon.  Lcucocytozoon  ziemanni  is  regarded  by  Schaudinn  as  a  trypano- 
some  found  in  the  blood  of  the  little  owl  (Athene  noctua),  which  is  said  to  un- 
dergo a  spirochetal  stage  while  passing  through  an  intermediary  host.  While 
the  accuracy  of  Schaudinn's  observations  has  been  cjuestioned  by  later  investi- 
gators,^' *•  ''  the  great  impetus  which  his  theory  occasioned  has  had  a  far-reaching 
effect  upon  the  development  of  our  present  knowledge  concerning  the  organisms 
generally  known  as  "spirochaetes."  It  was  soon  after  announcing  his  views  that 
Schaudinn  made  his  famous  discovery  of  the  occurrence  of  Spirocliccta  pallida 
in  syphilis.  In  their  first  publication  Scliaudinn  and  Hoffmann*^  gave  the  name 
"Spirochcvta  pallida"  to  the  spiral  organism  found  in  syphilitic  lesions  because 
of  its  resemblance  to  Spirochetes  in  general,  but  within  a  year  Schaudinn  recog- 
nized certain  features  (preformed  cylindrical  spiral  filament,  difficulty  in  stain- 
ing, regularity  of  curves,  etc.),  which  he  considered  distinctive  enough  to  classify 
it  apart  from  the  usual  Spirochetes  (changeable  curves,  taking  on  of  a  violet 
component  of  Giemsa,  no  preformed  spiral,  ribbon  form,  etc.).^'  -  Thereupon  he 
replaced  the  generic  name  Spirocheta  with  a  new  term  Treponema.^  This  all 
occurred  in  1905.  But  before  Schaudinn  had  had  time  to  decide  upon  a  new 
generic  name  for  his  organism,  Vuillemin^"  (1905)  proposed  that  it  be  called 
"Spironema."  In  the  meanwhile  some  authors,  particularly  in  France,  comr 
menced  to  use  the  term  "Spirille."  There  were  also  some  newer  generic  names 
created  by  still  later  systematists,  such  as  Microspironema"  (Stiles  and  Pfender*), 
Borrelia^-  (Swellengrebel),  Spiroschaudinnia^'  (Sambon),  and  Spirosoma^'^ 
(Schilling),  but  these  are  of  no  importance  today.  The  only  difficulty  in  choos- 
ing the  generic  name  for  ''Spirocheta  pallida,"  lies  in  the  fact  that  although 
Schaudinn  corrected  his  error  within  several  months  after  his  discovery,  another 
suggestion  had  meanwhile  been  made  to  answer  the  sam.e  purpose,  and  according 
to  the  international  code  of  nomenclature,  Vuillemin's  Spironema  would  have 
had  to  receive  preference  over  Schaudinn's  own  Treponema,  had  it  not  been  for 
the  fact  that  the  term  Spironema  as  proposed  by  Vuillemin  is  not  acceptable  to 
those  who  maintain,  like  Schaudinn,  that  the  organism  of  syphilis  belongs  to  the 
protozoa,  because  in  1892  it  was  used  by  Klebs  as  a  genus  of  Flagellate.^'  The 
same  name  had  also  been  used  by  Meek  in  1864  for  a  fossil  snail.  Of  course, 
"Spironema"  may  be  available  for  any  one  who  holds  that  ''spirochetes"  do  not 
belong  to  Protozoa.!  Thus,  Gross^''  (1910)  used  this  term  t(T  include  various 
spirochetes  allied  to  the  spirochetes  of  relapsing  fevers,  syphilis,  etc.,  with  the 
specification  that  he  believed  these  to  be  of  bacterial  nature.  It  may  be  men- 
tioned that  the  term  "Spirocheta,"  as  taken  up  by  Schaudinn  in  1905  in  the  sense 
of  protozoan  organism,  had  already  been  used  by  Michael  Sars  in  1856  for  an  an- 
nilid  genus.  It  seems  that  the  creation  by  Schaudinn  of  the  genus  Treponema 
was  perfectly  justified,  although  not  all  the  characteristics  attributed  by  him  to 
this  genus  are  found  to  be  distinctive  from  those  of  other  "spirochetes."     Schau- 

*The  statement  of  some  authors  (Gross  and  Gonder)  that  this  antedated  Schaudinn  is  erroneous. 
Schaudinn  published  his  note  on  October  19,  and  Stiles  and  Pfender  on  December  2  of  the  same  year. 

tThe  use  of  two  identical  terms,  one  in  the  animal  and  the  other  in  the  plant  kingdom,  has  been 
known  to  occur  and  is  permissible.  For  example,  "Bacillus"  and  "Coccus"  are  found  in  zoologies!  as  well 
as  in  botanical  genera. 
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dinn  did  not  live  long  enough  to  witness  the  gradual  modification  which  the 
Spirocha?ta  question  went  through.  As  a  result  of  the  works  of  various  system- 
atists  and  zoologists,  we  are  brought  to  realize  that  the  original  5.  plicafilis 
described  by  Ehrenberg  in  1838  is  an  entirely  distinct  organism  and  bears  little 
relation  to  the  other  organisms  which  we  now  call  "spirochietes."  W'e  also  know 
that  the  latter  should  no  longer  be  designated  as  spiroch^etes,  and  that  the  spiral 
organisms  found  in  the  crystalline  style  of  various  mussels  are  neither  trypano- 
somes.  as  held  by  Perrin,^"  nor  typical  spirochaetes,  but  form  another  group 
which  may  be  seen  to  possess  one  or  more  genera.  These  facts  were  revealed 
after  the  death  of  Schaudinn  by  the  careful  studies  of  Novy  and  Knapp,^^  Schel- 
lack,"  Gross,-"  -'"  Zuelzer.-'-  Gonder,--^  Dobell,'-^  -''  -*^  Hoelling,-'  -*  Fantham,-"-'  ^'^ 
Swellengrebel,"^  Bosanquet,^-  ^^  and  other's.  Althougli  much  light  has  been 
thrown  upon  the  structure  of  these  organisms,  no  definite  conclusion  has  yet  been 
reached  as  to  the  affinity  of  the  "spiroch?etes"'  in  the  system  of  natural  history. 
While  there  are  still  some  who  consider  "spirochetes"  as  allied  to  bacteria  and 
others  who  regard  them  as  of  a  protozoan  nature,  there  now  appear  to  be  certain 
authors  who  are  inclined  to  set  them  apart  both  from  bacteria  and  protozoa,  and 
classify  them  apart  in  the  domain  of  the  Protista,  i.  e.,  belonging  to  neither  plant 
nor  animal.  Dobell-*  represents  this  view,  and  Doflein"*  compromises  by  calling 
them  "Proflagellate,"  and  placing  them  between  Bacteria  and  Protozoa.  Zuelzer-- 
holds  a  somewhat  similar  opinion  to  that  of  Dobell.  In  order  to  bring  up  some 
of  the  more  important  data  relative  to  the  question  of  classification,  we  shall  now 
review  the  present  situation. 

As  remarked  at  the  beginning  of  this  paper  the  SpirochcCta  of  Ehrenberg 
was  regarded  as  a  genus  of  the  family  of  Spirillacea,  and  no  question  was  raised 
in  regard  to  its  possible  affinity  with  the  Protozoa  until  the  publication  of  Schau- 
dinn's  fascinating  observations  on  Lcucocytozoon  ciciiwinii.  Since  that  time 
there  have  appeared  numerous  partisans  of  Schaudinn's  view  that  so-called  s]iiro- 
chcCtes  are  of  protozoan  nature.  Their  main  contentions  are  as  follows:  (1) 
Longitudinal  division  as  the  mode  of  multiplication,  (2)  presence  of  an  undulat- 
ing membrane;  (3)  high  degree  of  bodily  flexibility;  (4)  absence  of  cell  mem- 
brane; (5)  absence  of  a  motor  organ  such  as  the  flagella  ;  (6)  i)resence  of  a  [peri- 
plastic process;  (7)  peculiar  nuclear  arrangement;  (8)  band-like  bodies;  (9) 
encystation  or  resistant  form;  (10)  a  certain  periodicitv  in  their  pathogenic  ac- 
tivity in  the  infected  hosts,  and  (11)  effect  of  certain  chemicals  such  as  sodium 
taurocholate.  saponin,  etc.,  which  bring  about  the  dissolution  of  these  spiral  or- 
ganisms and  thus  offer  a  contrast  to  the  great  resistance  shown  by  bacteria 
(especiall)-  spirillum  )  to  these  substances.  The  foregoing  characteristics  tended 
to  place  the  Spirochtete  in  the  Flagellate  group,  but  su])scquent  studies  by  differ- 
ent investigators,  especially  those  who  ha\e  enipl(>\cd  a  more  recent  and  appro\ed 
cytological  technic  seem  to  indicate  tliat  man)-  of  tlie  aboxe  criteria  were  based 
upon  erroneous  or  insufficient  (jbserxations.  According  In  the  i  il)ser\  ations  of 
Dobell, =■*  Gross,'"- -"• -'  Zuelzer,--  vSwellengrebcl,'"  Novy  and  Kiiapp."  .-ind  others, 
the  following  features  are  characteristic  of  "spirochetes." 

1.  In  the  case  of  the  m;ij(iril\-  of  "Si)irochetes"  transverse  di\•i^i()n  is  tlu' 
only  mode  of  multi])Iication    (Koch.   Lexaditi.   Fraenkel,   \o\y  and    Knapji,    i'.or- 
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rel,  Gross,  Zuelzer,  Swellengrebel,  Schellack,  etc.)-     Only  in  certain  pathogenic 
small  varieties  has  the  occurrence  of  longitudinal  division  been  reported."'  ^"^ 

2.  No  undulating  membrane  has  been  definitely  demonstrated  in  any  Spiro- 
chaeta.  The  alleged  undulating  membrane  depicted  by  Perrin^'  and  Schaudinn'*^ 
in  the  dried  preparations  of  certain  mussel  spirochtetes  is  an  artefact  brought 
about  by  improper  fixation;  namely,  the  torn  crista  of  a  cristispira.-° 

3.  The  alleged  chromatin  rods  and  spirals  described  by  Perrin  in  the  case 
of  certain  mussel  spirochetes  known  as  Spirochseta  balbianii  (Cristispira  of 
Gross)  are  now  said  to  be  nothing  but  a  distorted  arrangement  of  volutin  sub- 
stance or  chromidial  granules  which  under  optimum  fixation  gather  themselves 
along  the  walls  of  the.  chambered  structure  of  the  cell  body. 

4.  The  absence  or  presence  of  cell  membrane  seems  to  depend  upon  the 
variety  of  "spirochsetes."  Thus  the  original  type  organism  of  Ehrenberg  was 
described  as  being  devoid  of  a  membrane  and  is  still  so  regarded  by  all  who  have 
studied  this  organism.  On  the  other  hand  the  mussel  spirochsetes  and  various 
small  parasitic  species  are  now  said  to  be  provided  with  a  thin  but  elastic  mem- 
brane which  cannot  be  differentiated  from  the  cell  body  by  means  of  staining 
reactions.  The  presence  of  a  membrane  would  suggest  a  close  affinity  with 
Spirillum,  but  the  latter  has  a  stiff"  nonelastic  membrane. -- 

5.  In  regard  to  the  motor  organ  no  generalization  can  be  made.  The 
original  type  organism  of  Spirochseta  and  all  mussed  "spirochsetes"  are  devoid 
of  any  special  motor  apparatus.  On  the  other  hand,  a  terminal  process,  consist- 
ing of  a  delicate,  elastic  filament  with  minute,  regularly  set  curves,  may  in  the 
case  of  various  small  parasitic  spirochetes  be  found  to  project  from  one  or  both 
ends  of  the  body.  BorreP"  and  Zettnow"^  obtained  some  preparations  in  which 
Spirochsetes  of  fowl  spirillosis  and  relapsing  fever  appeared  to  possess  peritrichal 
flagella,  but  this  must  have  been  a  case  of  artefact  formation,  as  no  one  has  smce 
been  able  to  confirm  their  findings.  vSchaudinn  considered  the  terminal  process 
to  be  identical  with  the  periplastic  appendage  of  a  flagellate. 

6.  Certain  spirochcCtes  such  as  S.  balanitidis  and  6^.  buccaiis,  etc.,  were  said 
by  Schaudinn^*^  Hoffmann  and  Prowazek,"^  to  have  a  flattened,  ribbon-formed 
body.     Later  investigators  hold  that  the  body  is  cylindrical  and  round  on  section. 

7.  Encystment,  or  the  resting  stage,  such  as  observed  in  protozoan  organ- 
isms, has  been  suggested^'-  '*'^'  as  existing,  but  never  satisfactorily  proved. 

It  will  be  seen  that  the  findings  of  later  investigators  deduct  much  of  the 
foundation  upon  which  the  protozoan  theory  of  "spirochetes"  had  been  based. 
Not  only  do  they  separate  the  spirochsetes  from  the  Protozoa,  but  they  also  bring 
out  certain  new  facts  which  make  it  difficult  to  include  them  among  the  Bacteria 
as  was  formerly  done  by  those  who  opposed  the  view  of  their  protozoan  nature. 
As  has  been  briefly  remarked,  the  spiral  organisms  called  spirochsetes  are  net 
of  uniform  structure,  but  according  to  recent  investigations,  fall  under  several 
great  divisions.  It  was  owing  to  the  imperfection  of  the  methods  of  study  that 
the  free  living  forms  and  numerous  parasitic  varieties  were  at  one  time  all  held  to 
belong  to  the  same  genus.  Since  the  introduction  of  darkfield  microscopy,*^  many 
points  which  could  not  be  satisfactorily  determined  with  stained  specimens  have 
been  carefully  checked  up,  and  the  entrance  into  the  field  of  certain  excellent 
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cytologists  has  helped  to  clear  up  many  points  relating  to  the  systematic  grouping 
of  these  organisms.  These  cytologists  made  extensive  series  of  comparative 
studies,  at  the  same  time  carefully  examining  the  structure  of  bacteria,  spirilla. 
spirulina,  and  oscillaria. 

As  has  been  pointed  out  by  IJutschli,'*--  ■*■'  bacteria  are  composed  of  a  central 
body  and  a  plasmatic  layer.  The  former  contains  volutin  granules  and  some 
chromidial  elements.  The  spirillum  has  a  series  of  chambers,  each  of  which  is 
constructed  like  a  single  bacterial  cell.  Both  are  covered  with  a  stifif  cell  mem- 
brane. The  structure  of  Spirulina  is  similar  to  that  of  Spirillum,  differing  from 
the  latter  by  the  highly  flexible  character  of  the  membrane.  Now,  a  ver}^  similar 
structure  was  demonstrated  by  Gross-"  in  the  body  of  mussel  spiroch?etes  and 
speedily  confirmed  by  Dobell,-*  Zuelzer--  and  others.  Gross,  Dobell,  and  Zuelzer  all 
agree  that  the  original  free-living  Spiroclueta  described  by  Ehrenberg  is  a  unicellu- 
lar organism  which  bears  no  relation  either  to  the  mussel  spirochsetes  or  to  the 
small  parasitic  varieties.  This  fact  implies  the  dissociation  of  the  long  used  term 
Spirochseta  from  those  organisms  which  in  reality  were  commonly  known  as 
"spirochsetes."  Odd  as  it  may  seem,  the  true  Spirocha^ta  has  been  but  rarely 
studied,  even  by  biologists,  and  certainly  not  to  any  great  extent  by  medical  men 
who  have  so  much  to  do  with  the  so-called  "spiroch^etes." 

Gross^^  was  the  first  person  who  proposed  to  distinguish  the  true  Spiroch?eta 
from  the  other  varieties  of  spirochsetes  by  creating  new  genera  for  the  latter 
which,  according  to  his  studies,  could  not  be  classified  with  Spirochseta  in  the 
strict  sense  of  the  term.  Thus  for  the  latter  type  he  created  the  name  Cristi- 
spira  (those  with  Crista),  for  the  large  parasitic  "spirochaetes"  in  fresh  shell 
fish  Saprospira  (those  without  Crista),  and  the  small  parasitic  varieties,  includ- 
ing all  pathogenic  species,  he  designated  as  Spironema.  Gross  maintains  that 
Cristispira,  Saprospira  and  Spironema  belong  to  the  bacteria,  and  places  them 
under  the  family  name  of  Spironem.acea.  Gross*^  and  Bosancjuet^-  recorded  a  few 
instances  in  which  certain  mussel  "spiroch?etes"  went  into  spore-formation  com- 
parable to  the  true    bacterial  feature. 

Dobell  and  Zuelzer  both  admit  the  striking  resemblance  between  the  chambered 
structure  of  Spirillum  and  Cristispira,  but  cautiously  avoid  accepting  the  bac- 
terial theory  of  Gross  on  the  ground  that  tiie  last  named  organisms  have  a  more 
elastic  and  flexible  membrane  and  that  they  are  not  necessarily  bacteria.  Dobell. 
as  has  been  stated,  has  pro])osed  a  new  family  name  vSpiroch?etoidea  which  should 
include  not  only  Gross'  Spironcmacea  but  also  S])iroch<'eta.  Dobell  does  not  ac- 
cept Gross'  Spironema,  as  it  was  applied  to  a  llagcllate  in  1892  (Klebs),  but  re- 
tains Schaudinn's  Treponema  to  designate  all  small  parasitic  and  pathogenic  va- 
rieties. He  does  not  consider  that  there  is  a  sufticientlN-  essential  difference  be- 
tween them  to  warrant  two  genera.  Zuelzer  regards  the  aflinity  between  the 
mussel  "spirochcetcs"  and  S])irulina  (one  of  the  Cyan()])hvcean  genera)  as  being 
much  closer  than  that  between  these  types  and  vS])irilluiu.  On  the  other  hand 
Gender''^  accepts  the  classification  of  Gross  more  completelw  lie  does  not,  how- 
ever, share  Gross'  view  that  these  ort^anisms  arc  definitely  n\  a  ])lant  nature,  hold- 
ing that  certain  features  indicate  their  partial  aninity  to  the  protozf)a.  He  also 
differs  from  (jross  in  including  Spirochieta  under  S])ironeniacea  and  in  retaining 
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Schaudinn's  term  Treponema  for  the  organisms  of  syphilis  and  yaws  and  such 
affections,  while  he  accepts  Gross'  term  Spironema  for  other  varieties  such  as 
the  "spirochetes"  of  relapsing  fevers,  tick  fever,  etc.  The  situation  is  still 
confused. 

Classification  After  Gonder  (1912). 

SPIRONEMACEA    (cross,   1910). 

Spirocha^ta  Type :     Spirochseta  plicatilis,  etc.,  all  free  living. 

(Ehrenberg,   1838) 

Cristispira    Type :     Cristispira   balbianii  and   other   varieties    found 

(Gross,  1910)  in  mussels. 

Spironema    Type :     Spironema  recurrentis.  and  other  parasitic  and 

(Vuillemin,  1905)  pathogenic  varieties  living  in  blood. 

Treponema     Type :     Treponema  pallidum,  Treponema  pertenue,  and 

(Schaudinn,   1905)  other  varieties  with  closely  set  spirals. 

Classification  After  Gross  (1912). 

[Type:       Spirochseta     phcatiUs.       Unicelkilar     organism 

Spirochjeta   without  a   membrane   or   flagellum,   highly  flexible. 

(Ehrenberg)  [         Free  hving.     Transverse  division. 

Spironemacea  (Gross,  1912). 

f  Including  different  varieties  living  in  certain  mussels. 

^  .  ^.     .                                                         C.  balbianii,  C.  anodontse,  C.  pectinis,  etc.     All  possess 

Cristispira     I  r~.i        i         i                        r    .      i     i       Vi 

in            mm  ii\                           1  a  crista.     Chambered  structure  of  the  body.    Sporu- 

(Gross,  19]0-11)  ,     •           ^                      1-   •  ■                              J        f 

I  lation.      transverse   division. 

f  Similar  to  the  foregoing  except  that  there  is  no  crista. 

Saprospira ]  Found  in  foraminiferous  sand.    Sporulation.   Trans- 

(Gross,  1911)  verse  division. 

I  hicluding    small    parasitic    varieties:      S.    palhdum,    S. 

c   •  pertenue,   S.  recurrentis.   S.  gallinarum,  etc.     Prob- 

oDironema                         .....    ^  .         o                   ? 

i\-    iiV^,'.,    iop,V\ 1  abh'    multicelhilar     (or    chambered).      Transverse 

(\  uiilemin,  iVuo;  i-  '•  •           t-,                            •          i         i 

[  division.     Flageha  or  terminal  thread  present. 

Classification  After  Doeell. 

SPIROCH.ETOIDEA    (dOBF.LL)    1910-1911. 

Spirochseta  )  Free  living  forms,  fresh  water  or  marine. 

(Ehrenberg,   1838)  |  Spirochseta  plicatilis  (Ehrenberg)   S.  gigantea. 

I  Parasitic  in  animals,  vertebrates  and  invertebrates. 
Treponema     T.   pallidum    (Schaudinn),   T.   recurrentis,   T.   dentium,  . 

(Schaudinn,  1905)  |  etc. 

Cristispira    J  Parasite  in  Lamellibranchiata  (mussels). 

(Gross,   1910)  I  C.  balbianii  certes,  C.  anodontse,  C.  pectinis,  C.  veneris. 

Classification  After  Migula  (1897). 

r,     ,     •  I  Coccacese,    Bacteriacese,    Spirillacese,    Chlamvdobacteria- 

Bactena '  .  ^  ' 

(  cese  and   Beggiatoacese. 

SPIRILLACE-E. 

Spirosoma    Rigid  ;  no  organ  of  motion. 

Microspira    Rigid  ;  one  seldom  two  or  three,  polar  wavy  flagella. 

Spirihum     Rigid  ;  polar  tufts  of  5-20  flagella,  mostly  semi-circular 

or  wav}'.   , 

Spirochsta  Flexuous,  motion  organ  unknown,  probably  an  undulat- 
ing membrane. 
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Classification  After  Swellengrebel. 


Bacteria.  . . 


Spirochsetacese. 


Spirillaceas 


Coccaceae 


1. 


More  or  less  distinct  properties  of  protozoa  but  not 
much  more  so  than  the  bacteria  capable  of  formmg 
S  or  Fe  in  contrast  to  those  producing  nitrification. 

riasmolysable  like  the  Spirilla. 


Classification  After  Levaditi  (1912). 

SPIRILLACE-Ti     (mIGULA). 


I  vSub-family,      Spirillacea      (Swel- 

lengrebel). 

Not  flexible. 


Sub-family,    Spirochaetacea.      Spirally   fiexible,    sur-  ! 

rounded  by  periplastic  cover,   with   or  without 

flagellum-like  appendage. 


Genus,        I 
Spirillum. 


Genus, 
Vibrio. 


1. 

Genus,  Spirochaeta.   No 
preformed  spiral ;  loss 
of      spiral      form     at 
rest. 


Genus,  Treponema. 
Preformed  spiral;  no 
visible  undulating 
membrane. 


No  flagel- 
lum  with 
u  n  dulat- 
ing  mem- 
brane. 


Flagellum,  | 
but     no 
u  n  dulat- 
ing  mem- 
brane. 


Flagellum 
at  one 
end. 


One  or  two  Peritrichal 
terminal  flagella. 
flagella. 


V' 

cr.  tn 

in  in\fi 

^^ 

ST  ^ 

3   =L 

^ 

3    y 

3  o  5 

Hj     !X' 

2 

cL'^ 

^     3    ju 

11 

Flagellum 
at  each 
end. 


Lei  us  consider  cacli  of  llie  groups  in  some  detail  on  the  basis  of  a  newer 
classification. 

Spirochccta.—AccoviXmg  to  Schaudinn,-"'  the  type  organism  of  Spiroch.Tta 
possesses  certain  features  which  are  also  found  in  trypanosomcs — such  as  an  un- 
dulating menihrane.  periplastic  lihrillar  process,  longitudinal  (Hvision.  etc.  Hut 
this  apparent  resemblance  has  been  shown  to  be  erroneous.  Thus,  according  to 
the  latest  contributions  made  by  Zuelzer,--'  the  original  lypc  organism.  Spiro- 
chccta  plica  I  ills,  has  no  chambered  stnuim-e  but  is  i)ro\i(led  with  a  straight  libril- 
lar  axial  filament  surrounded  by  a  plasmatic  spiral  layer  which  co\ers  it  un 
equally  in  different  i)laces.  'i'he  organism  consists  of  a  single  cell.  XOlulin 
granules  which  can  be  demonstrated  b\-  certain  microcluMnical  reactions  are 
regularly  dis[)osed  within  the  plasmatic  layer.     During  motion  the  pla^matii-  la\er 
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at  a  given  position  becomes  thickened  or  reduced  in  volume  according  to  the  cur- 
rent of  the  substance.  The  spirals  of  the  plasmatic  layer  surrounding  the  straight 
axial  filament  occur  regularly  and  closely,  while  the  whole  body  shows  several 
irregular  undulations.  There  is  no  flagellum  or  periplastic  terminal  process,  and 
no  membrane  has  been  demonstrated.  It  measures  100-200  /x  on  an  average, 
sometimes  attaining  a  length  of  500  [x,  whereas  it  is  only  0.5-0.75  \x.  in  width. 
Unlike  the  other  spiral  organisms  bearing  the  name  of  Spirochaeta  (undoubtedly 
indiscriminately  applied)  the  members  of  this  group  of  real  spirochsetes  do  not 
swim,  but  their  locomotion  is  effected  by  a  creeping  movement  along  the  surface 
of  a  supporting  object.  Multiplication  is  brought  about  by  transverse  division 
which  is  effected  by  a  thickening  of  a  certain  part  of  the  axial  filament  where  a 
cross  fissure  takes  place,  followed  by  the  strangulation  of  the  plasmatic  layer  at 
the  corresponding  spot.  Since  Ehrenberg  described  the  first  species,  four  more 
species  have  been  added,  one  by  Cantacuzene-^  in  1910,  and  three  by  Zuelzer--  in 
1912.  They  are  all  free-living  and  are  not  known  to  be  responsible  for  any  patho- 
logical conditions  in  either  human  beings  or  animals. 

Since  the  essential  characteristics  of  the  group  of  true  Spirochaeta  do  not 
agree  with  those  of  various  other  species  hitherto  unreservedly  called  spiro- 
chsetes,  the  necessity  of  reclassification  became  apparent  as  soon  as  these  facts 
were  known  about  1910,  whereupon  Gross,  Dobell,  and  others  undertook  special 
studies  in  this  connection.  As  has  been  mentioned.  Gross,  Dobell,  and  Gonder  all 
possess  their  individual  ways  of  classification,  but  all  agree  on  one  point ;  i.  e., 
that  the  majority  of  the  organisms  known  as  spirochsetes  are  not  spirochsetes  in 
the  strict  systematic  sense  and  must,  therefore,  be  differently  designated.  Gross 
was  the  first  to  do  this,  and  he  was  followed  by  Dobell  and  Gonder  who  intro- 
duced some  modifications,  but  it  seems  that  the  family  term  Spironemacea  of 
Gross  has  found  a  wider  acceptance  than  Dobell's  Spirochsetoidea,  although  both 
include  practically  the  same  constituent  organisms  under  a  slightly  different  gen- 
eric name.  Thus  Dobell  accepts  Gross'  generic  names  Cristispira  and  Saprospira 
(provided  that  this  genus  can  be  recognized  by  other  investigators)  to  cover  the 
varieties  found  in  shell  fish,  while  preferring  to  use  Treponema  instead  of  Spiro- 
nema  as  proposed  by  Gross.  Dobell's  family  Spirochaetoidea  comprehends,  be- 
sides all  the  constituents  of  Gross'  family  Spironemacea,  the  genus  of  the  true 
Spirochaeta.  Whether  the  segregation  of  Spirochaeta  from  the  other  genera  com- 
posing Spironemacea  is  justified  or  not  seems  still  debatable,  inasmuch  as  the  dif- 
ferences between  the  genus  Cristispira  and  the  genus  Spironema  are,  I  believe,  no 
less  striking  than  those  which  induced  Gross  to  separate  the  Spirochaeta  from 
them.  According  to  personal  observations  on  small  "Spirochaetes"  there  seem  to 
exist  more  affinities  in  the  structure  of  true  Spirochaeta  and  the  small  parasitic 
varieties  than  are  assumed  by  Gross  and  other  investigators.  For  the  present  I  will 
dwell  upon  different  groups  of  organisms,  which  those  investigators  have  classified 
as  separate  genera,  and  in  order  to  give  a  basis  for  further  development  of  the 
subject,  I  propose  to  employ  the  new  generic  names  proposed  by  Gross,  without, 
at  the  same  time,  committing  myself  to  his  views. 

Cristispira. — This  genus  was  created  by  Gross  in  1910  for  the  large  sapro- 
phytic commensal  spiral  organisms  found  in  the  alimentary  canal  of  certain  varie- 
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lies  of  shell  fish.  They  are  chiefly  found  in  the  crystalline  style  which  is  a  jelly- 
like projection  in  the  stomach.  The  most  unique  feature  of  the  genus  is  the  pres- 
ence of  a  crista  or  ridge,  which  extends  spirally  along  the  whole  length  of  the 
body,  whence  the  name  Cristispira.  Certes*^  considered  the  type  organism  of  the 
genus  Cristispira  balbianii  to  be  a  trypanosome  on  account  of  the  presence  of  an 
undulating  membrane  (later  recognized  by  Gross  as  a  ridge)  and  it  has  been 
called  Tr}'panosoma  or  Spirochseta  indifferently.  Laveran  and  Mesnil*^  in  1901 
regarded  it  as  allied  to  the  bacteria.  Perrin^^  in  1905-1906  took  up  the  subject 
and  arrived  at  the  conclusion  that  it  has  many  features  in  common  with  the 
trypanosomes.  This  he  observed  from  stained  preparations  in  which  he  found  an 
undulating  membrane,  a  spirally  arranged  nuclear  rod,  as  well  as  various  mitotic 
figures  and  longitudinal  division.  Perrin's  observations  were  in  part  confirmed 
by  Keysselitz,'*^'  ^°  Swellengrebel.^^  Hoelling,^'^'  -^  Gonder,-^  and  Fantham,^^  but 
a  later  investigation  of  Schellack^^  brought  out  an  entirely  different  set  of  facts. 
According  to  Schellack  the  undulating  membrane  and  spiral  nuclear  rod  or  al- 
leged karyokinetic  figures  are  an  artefact  caused  by  improper  fixation  (dry 
method).  In  properly  fixed  preparations  the  cell  body  is  composed  of  an  alveolar 
protoplasm  and  contains  a  number  of  transverse  walls.  In  his  later  works 
Gonder*"^  confirmed  Schellack's  observations.  Zuelzer--  and  Dobell-*  found 
chromatin  (and  volutin)  granules  to  be  deposited  along  the  surface  of  the  trans- 
verse septa,  while  Gross-°  failed  to  see  any  chromatic  granules  in  Cristispira. 
On  the  other  hand,  Hoelling  thinks  that  the  entire  cell  body  is  saturated  >vith 
diffuse  chromatin  substance.  The  chambered  structure  of  the  cell  body  is  re- 
i^arded  by  Gross  as  a  sign  of  the  multicellular  nature  of  the  organism,  but  many 
authors  hesitate  to  accept  this  view,  maintaining  that  it  is  a  single  organism  with 
numerous  cross  septa.  Gross,  Zuelzer,  and  Dobell  all  agree  that  the  cell  body  is 
surrounded  by  a  strong  membrane  similar  to  that  found  in  bacteria,  although 
Zuelzer  distinguishes  it  from  the  latter  by  its  high  flexibility.  They  found  that 
the  membrane  had  a  double  contour  and  protected  the  cell  body  from  the  solvent 
action  of  various  substances  such  as  saponin  as  well  as  from  acids  and  alkalies, 
a  fact  explained  by  Gonder  as  not  necessarily  due  to  the  presence  of  a  membrane 
but  to  the  more  concentrated  external  fibrillar  layer  on  the  cell  surface.  In  fact, 
Gonder  described  a  fibrillar  appearance  of  the  external  layer  of  the  cell  body  after 
the  organism  had  been  acted  upon  for  some  time  by  certain  chemicals. ''^ 

Opinions  still  vary  as  to  the  origin  of  the  ridge  or  crista.  Earlier  workers 
viewed  it  as  an  undulating  membrane.^'  Gross,  Zuelzer,  and  Dobell  hold  that  it 
is  a  superposed  structure  having  no  direct  connection  with  the  cell  body,  while 
Schellack  regards  it  as  a  true  periplast  traversed  iiy  lumicrous  librils.  He  be- 
lieves that  the  so-called  undulating  membrane  of  the  authors  of  the  Cristispira  is 
an  artefact  produced  by  defective  technic.  Hoelling,  as  well  as  Fantham  and 
Porter,  entertains  a  view  similar  to  that  of  Schellack,  and  the  presence  of  a 
myoneme  in  the  periplast  was  even  maintained  by  Fantham  and  Porter.  ATac- 
kinnon"''  and  Vles"'^  were  unable  to  demonstrate  any  myoneme  in  the  periplast, 
although  IJorrel  and  Cernovodeanu"''  assume  that  there  exists  a  myoneme  in  (he 
mcnxbrane  which  enables  it  to  flatten  or  fold  the  ridge.  When  the  organism  is 
subjected  to  macerating  or  solvent  agents   (saponin,  acid,  alkali,  etc.)   the  mem- 
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brane  is  first  attacked.  The  delicate  fibrils  become  quite  distinct  in  the  course  of 
dissolution,  but  the  whole  structure  finally  disappears  completely,  showing  the 
plasmatic  nature  of  the  membrane.    The  cell  body  is  much  more  resistant. 

Division  is  exclusively  transverse,  according  to  the  investigations  of  Schel- 
lack,  Gross,  Zuelzer,  Dobell,  Laveran,  and  Mesnil,  while  earlier  investigators 
(Perrin,  Keysselitz,  Gonder,  etc.)  considered  it  longitudinal.  Fantham  and  Por- 
ter,^^  working  with  S.  ohermeieri  and  S.  diitfoni,  found  both  modes  of  division 
occurring.  It  is  possible  that  a  peculiar  mode  of  division,  described  by  Gross-°'  ^* 
as  an  incurvation,  might  have  been  the  cause  of  mistaking  it  for  longitudinal  di- 
vision. Incurvation  is  a  phase  of  the  transverse  division  of  Cristispira,  whose 
body  first  doubles  up  (incur\'ates)  at  the  segment  where  the  fission  is  to  take 
place  and  then  after  some  time  completes  the  process.  During  the  incurvation 
both  halves  of  the  organism  intertwine  and  simulate  a  stage  of  longitudinal 
division. 

Sporulation  was  described  by  Gross'**  who  saw  a  Cristispira  produce  a  series 
of  somewhat  smaller,  highly  refractile,  oval  bodies  out  of  the  square  chambered 
structure  of  the  cell  body.  These  oval  bodies  were  seen  to  separate  into  individ- 
uals, but  no  new  cristispira  could  be  made  to  sprout  out  of  these  bodies  (or  so- 
called  spores).  Bosanquet'-  made  a  similar  observation.  The  question  of  sporu- 
lation is  still  open  to  further  confirmation  and  is  very  important  in  view  of  the 
divided  opinion  regarding  the  affinity  of  this  group  in  the  system. 

The  cell  body  is  highly  flexible,  round  on  section,  wavy  or  spirally  wound. 
possessing  not  more  than  three  or  four  curves.  There  are  neither  flagella  nor 
terminal  projections,  except  in  one  small  species,  C.  spicuUfcra,  which  Shellack 
described  as  having  a  terminal  filament. 

There  are  about  IS  known  species  which  inhabit  dififerent  varieties  of  shell 
fish  belonging  to  nearly  twelve  dififerent  genera  of  Lamellibranchs,  including  com- 
mon oysters  and  fresh  water  mussels.  These  genera  are  Ostrea,  Anodonta, 
Chama,  Pinna,  Mactra,  Pecten,  Modiola.  Lima,  Gastrochcxna,  Saxicava,  Tapes, 
and  Umo.  Cristispira  balbianii  and  C.  anodonta  are  the  largest  species  and  meas- 
ure 100-130  IX  in  length  and  3-5  jx  in  width,  while  the  smallest  representative  of  the 
genus,  C.  papillosum,  measures  but  18.5-20  /x  by  1.1-1.4  [x. 

Saprospira. — Gross-"  proposed  to  introduce  this  genus  in  order  to  group  to- 
gether a  new  species  of  mussel  "spirochsetes"  which  distinguished  themselves 
from  Cristispira  by  the  absence  of  a  crista.  Their  habitat  and  other  cytological 
features  are  the  same  as  those  noted  in  the  Cristispirje.  According  to  this  inves- 
tigator, Saprospira  grandis  and  S.  nana  undergo  multiple  transverse  diA-ision  and 
bear  a  more  distinctly  bacterial  aspect. 

Spironenia  and  Treponema. — Under  Spironema,  Gross  classified  all  the 
pathogenic  and  small  saprophytic  varieties.  Dobell-"*  substituted  Spironema  for 
Schaudinn's  Treponema  on  the  basis  that  the  former  term  was  applied  to  a  flagel- 
late, Spironema  multiciliatitm^^  by  Klebs  in  1892;  for  he  did  not  consider  it  neces- 
sary to  create  two  genera  out  of  these  organisms.  Gonder  still  hesitates  to  drop 
the  distinction  between  the  group  of  "blood  spirochsetes''  and  that  of  "tissue 
spirochsetes,"  the  latter  containing  Treponema  pallidum  as  type  organism.  A\  hile 
Schaudinn's  original  criteria  for  Treponema  are  no  longer  valid  as  regards  several 
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points,  Gonder  proposes  to  retain  the  term  Treponema  for  the  paUidum  group 
and  to  accept  Spironema  for  the  more  irregularly  curved,  \\avy  varieties  to  which 
most  of  the  '"blood  spirochsetes"  and  saprophytic  parasites  belong.  From  per- 
sonal observations  I  believe  the  differences  between  the  two  groups  to  be  dif- 
ferences of  degree,  not  of  quality.  They  should  belong  to  one  and  the  same 
genus  as  may  be  seen  from  the  characteristics  enumerated  below.  Spironema 
and  Treponema  have  a  slender,  cylindrical,  spirally  wound,  highly  flexible  body, 
which  exhibits  serpentine,  cork-screw-like,  and  sometimes  lashing  movements.  The 
spiral  curves  are  partially  stretched  and  drawn  together  with  a  certain  rhythm, 
so  that  an  actively  motile  organism  resembles  a  spiral  spring  which  is  alternately 
drawn  out  and  relaxed.  When  reduced  in  motility  the  organism  may  rotate 
along  its  axis  in  one  and  then  in  another  direction  without  changing  its  cur\'es. 
In  certain  species  a  lateral  bending  or  swinging  motion  of  one  half  of  the  body 
may  be  seen.  It  seems  to  be  the  general  rule  that  the  more  active  and  energetic 
an  organism  is,  the  less  rigid  are  its  curves.  On  the  whole  the  pallidum  group 
(Treponema)  exhibits  a  less  energetic  motility  than  the  heavier  group  (Spiro- 
nema) which  it  relinquishes  much  sooner  than  the  latter.  Therefore,  it  is  only 
in  perfectly  fresh  material  (such  as  that  obtained  from  an  experimental  syphilitic 
lesion  in  animals  at  the  moment  of  examination )  that  the  stretching  of  the  curves, 
as  in  the  case  of  so-called  Spironema,  can  be  recognized.  This  point  can  be 
clearly  demonstrated  in  a  section  of  syphiloma  in  a  rabbit's  testicle  fixed  imme- 
diately after  removal  from  the  animal.  Here  we  find  the  organisms  showing  most 
striking  irregularity  of  curves  very  unlike  the  accustomed  picture  of  regularly 
curved  specimens  found  in  a  section  obtained  from  postmortem  material,  such 
as  a  tissue  from  macerated  congenitally  syphilitic  fetus  (Flexner)"^  or  from 
a  preparation  made  after  the  organism  has  become  sluggish.  The  reverse  is  also 
true.  A  spironema  from  a  case  of  relapsing  fever  is  always  wavy  and  irregu- 
larly curved  in  a  stained  preparation,  but  it  is  much  more  regular  when  observed 
under  the  dark-field  microscope  and  becomes  completely  regular  when  nearing 
death  as  a  result  of  being  exposed  to  progressively  unfavorable  conditions.  In  a 
culture  where  the  motility  is  somewhat  less  active  the  organism  appears  just  as 
regularly  curved  as  a  treponema.  The  sudden  death  of  these  organisms  leaves 
I  them  in  a  state  of  motion,  hence  their  irregular  cur\es. 

The  body  of  Sjiironema  is  much  heavier  than  that  of  Treponenia  and  in 
relatiun  io  difi'erent  dyes  it  may  be  stated  that  llie  former  lakes  on  a  more  bhiish 
component  of  Giem.sa's  .solution  than  the  latter,  which  usually  takes  on  the  red. 
In  regard  to  the  structure  of  the  cell  body,  the  minuteness  of  these  organisms 
precludes  the  possibility  of  obtaining  much  information  by  means  of  our  present 
methods  of  dififerentiation.  Many  authors  assume  the  ])resence  of  a  memliraiie 
analogous  to  the  periplast  of  a  flagellate  and  JK-hexe  that  it  can  be  demonstrated 
by  means  of  maceration.  In  one  s])ecies  of  Spironem.i.  rrowazek'"  assumed  a 
central  axial  lilament  surrounded  b\  a  ]a\er  of  c\top!aMn.  The  actixe  molility 
exhibited  by  these  organisms  led  some  investigators  to  suggest  the  existence  of 
contractile  fibrils  or  a  myonemc  in  the  cell  bodv.  Mv  observations  on  fresh  speci- 
mens obtained  t  rom  pure  cultures  of  these  organisms  supjxiit  the  \  iew  that  these 
spirocluctcs  are  pro\  ided   with   an  axial   spiral   lilament   eoxeri'd    witli   ;i   l;iyer  of 
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protoplasm.  On  the  surface  of  the  cell  body  there  is  a  thin  membrane  which  can 
be  detected  when  the  organism  undergoes  degeneration.  At  this  stage  the  cyto- 
plasm becomes  so  rarefied — i.  e.,  it  escapes  from  the  space  which  it  occupied — 
that  the  axial  filament  and  the  membrane  can  be  easily  recognized.  In  a  subse- 
quent phase  the  membrane  also  disappears,  leaving  the  axial  filament  denuded. 
This  is  a  common  phenomenon  in  the  cultivation  of  this  group  of  organisms. 
Schellack^^  maintains  that  the  external  layer  of  the  cell  body  stains  red  with 
iron  hematoxylin  eosin,  while  the  inner  layer  takes  on  a  dark  bluish  tint,  hence 
the  former  is  of  ectoplasmatic  and  the  latter  of  endoplasmatic  origin.  Gonder^^ 
describes  an  ectoplasmatic  layer  in  Spironema  vcsperuginis.  Fantham  and  Por- 
ter^^  as  well  as  Prowazek*"  mention  tlie  existence  in  Spironemata  of  an  undulat- 
ing membrane,  as  was  originally  suggested  by  Schaudinn"*^  owing  to  a  wavy 
movement  which  he  observed  to  travel  through  the  body  of  a  resting  spironema. 
Gross  and  Zuelzer  failed  to  demonstrate  any  such  particular  structure.  Another 
important  feature  of  Spironema  and  Treponema  is  the  presence  of  a  terminal 
appendage  projecting  from  the  end  of  tb.e  cell  body.  The  bodies  of  Spironemata 
and  Treponemata  taper  at  both  extremities  from  which  is  sent  out  a  very  fine 
terminal  thread,  at  one  or  both  ends.  The  length  of  the  terminal  appendage  may 
reach  y-^  to  ^  of  the  body  and  is  immeasurably  thin.  In  old  cultures,  especially 
when  grown  in  a  fluid  medium,  these  terminal  appendages  are  much  heavier  and 
more  easily  recognized  than  in  a  specimen  derived  direct  from  the  natural  habitat. 
The  terminal  filament  is  provided  throughout  its  length  with  numerous,  closely- 
set,  regular  curves.^"  It  is  rigidly  joined  at  the  pointed  ends  of  the  body  or  some- 
times in  such  a  loose  m.anner  as  to  permit  the  joint  to  bend  at  any  angle  to  the 
long  axis  of  the  organism.  *  No  proper  motility  can  be  discerned  in  the  appendage, 
which  is  elastic.  In  certain  specimens  an  active  swinging  or  jerking  movement 
can  be  seen  to  be  transmitted  by  the  organism,  which  is  able  to  do  this  by  means 
of  its  contractile  element  (myoneme?)  contained  within  the  body.  In  several 
instances  in  which  the  cultivated  Spironema  recurrentis  had  been  exposed  to  the 
solvent  action  of  certain  chemicals  (saponin,  sodium  taurocholate,  etc.),  I  have 
observed  many  denuded  axial  filaments  (their  cytoplasmic  layer  having  been 
dissolved)  to  which  the  terminal  filaments  were  also  attached.  Suddenly  I  saw 
some  of  the  terminal  projections  commence  active  jerking  and  swinging  motions. 
The  skeletal  axial  filaments  still  remained.  By  means  of  careful  examination  it 
was  found  that  there  was  a  pair  of  highly  refractile,  round  bodies  attached  to 
the  skeletal  filaments  near  both  extremities.  These  bodies,  which  measured  about 
0.5  /J.  in  diameter,  appeared  to  have  some  contractility  as  suggested  by  the  alternate 
change  in  the  degree  of  the  refraction  of  light.  Whether  or  not  these  bodies  rep- 
resent some  sort  of  myonemous  elements  cannot  be  definitely  stated,  but  it  is 
significant  that  similar  nodules,  if  not  in  pairs,  can  be  seen  to  travel  from  one 
point  to  another  in  an  actively  motile  spironema.  Prowazek''^  once  called  atten- 
tion to  the  phenomenon  of  plasmatic  condensation  in  the  body  of  Spironema 
gallinaruni. 

The  nature  of  the  terminal  appendage  is  not  known.  Many  authors  (Hoff- 
mann, Prowazek,  etc.,  on  5.  buccalis  and  S.  balanitidis;  Novy  and  Knapp  on 
S.  recurrentis)  view  it  as  a  prolongation  of  the  periplastic  fibrils  which  are  in 
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connection  with  the  periplast.  Others  regard  it  simply  as  a  drawn  out  part  of 
the  cytoplasm  produced  at  the  line  of  division.  I  am  inclined  to  think  that  the 
terminal  projection  with  regularly  set  curves  is  a  separate  part  not  directly  con- 
nected with  the  membrane,  nor  existing  as  a  prolongation  of  the  axial  filament. 
It  is  connected  with  the  cell  extremity  by  means  of  a  tendinous  substance.  It 
resembles  the  flagellum  of  certain  bacteria,  inasmuch  as  it  is  similarly  elastic, 
finely  set  with  regular  curves,  and  visible  under  the  darkfield  microscope.  On  the 
other  hand,  a  great  many  of  the  bacterial  flagella  cannot  be  demonstrated  in  a 
fresh  preparation  even  by  means  of  a  darkfield  illumination.  Zettnow,^^  Borrel'' 
and  Fraenkel'^''  obtained  preparations  of  5.  recurr cutis,  S.  gallinaruin  and  S. 
diittoni  in  which  peritrichal  "flagella"  were  shown  by  means  of  flagella  staining 
methods,  but  these  flagella-like  fibrils  are  now  regarded  as  fibrils  which  have 
become  detached  from  the  external  layer  of  the  organisms  through  maceration. 
By  means  of  the  lucidol  method  of  Szecsi,*^"  Gonder*^  succeeded  in  staining  one 
fine  terminal  projection  at  each  end  of  S.  rccurrentis  as  did  also  W'olbach  by  the 
adoption  of  Casares  Gil's''^  method. 

There  are  several  views  regarding  the  mode  of  multiplication.  The  theor}' 
most  generally  accepted  is  that  these  spironemata  undergo  transverse  division  like 
bacteria,  dififering  from  the  latter,  however,  in  not  forming  a  wall  at  the  point  of 
division.  The  division  is  effected  by  means  of  a  thinning  out  process  of  the  proto- 
plasma  which  for  a  time  bridges  the  two  newly  formed  daughter  cells.  Finally  thev 
separate  by  the  severance  of  the  connecting  thread.  Novy  and  Knapp^^  described 
a  cleft  formation  at  the  point  of  division.  The  view  of  the  transverse  division  is 
held  by  Koch,  Novy  and  Knapp,  Metchnikofif,  C.  Fraenkel,  Borrel,  Laveran, 
Sobernheim,  Gross,  Thesing.  Schellack,  Nakano,''-  and  others.  On  the  other 
hand  Schaudinn,  Hoft'mann,  Hartmann,  Keysselitz,  Herxheimer,  Prowazek,  Gon- 
der,  Fantham,  and  Porter  support  the  theory  of  a  longitudinal  division  as  in  the 
flagellates.  Indeed,  Krysztalowicz  and  Siedlecki*'^  in  1905  went  so  far  as  to  pro- 
pose the  term  "Spiroflagellata"  under  Mastigophora.  I  have  also  observed  in- 
stances in  which  the  phenomena  could  only  be  explained  by  longitudinal  division. 
Thus,  in  pure  cultures  of  various  spironemata  and  treponemata  we  find  forms  in 
which  a  longitudinal  cleft  can  be  traced  in  the  somewhat  heavier  specimens.  The 
cleft  may  run  but  a  short  distance,  or  one-third,  one-half  or  almost  the  entire 
length  of  the  body.  In  some  specimens  the  cleft  widens  uj)  and  causes  one-half 
of  the  body  to  be  split  into  two  limbs  (two  daughlcr  cells  in  half  separation). 
Observed  under  the  darkfield  microscope  the  process  is  seen  to  be  slow,  ll  may 
be  added  that  it  is  tedious  to  actually  follow  up  the  entire  process  of  any  mode 
of  division  under  the  microsco])e,  ncj  matter  whctlier  this  be  transxerse  or  longi- 
tudinal. As  may  easily  be  conceived,  those  who  hold  the  tlieoi-y  of  tran<\t'rsc 
division  argue  that  the  forms  held  by  their  op])onents  to  be  a  stage  of  lon,i;itiHliiial 
division  are  formed  by  two  entwined  spironemata  which  haxing  been  ])ro(IiuH'd 
by  transverse  (li\ision  are  still  connected  by  a  delicate  ]ilasmalic  hridgt'.  This 
argument,  however,  can  also  be  used  in  the  reverse  sense  in  faxor  of  longitudinal 
division,  as  it  is  also  possible  that  the  two  daughter  cells  which  ha\e  just  under- 
gone cell  division  can  remain  united  at  their  ends,  thus  hearing  the  appearance 
of  representing  a  stage  of  transverse  division.     :\  strong  suppoii  in   favor  of  the 


37S  THE    JOURNAIv    OF    LABORATORY    AND    CLIXICAL    MEDICINE) 

transverse  mode  of  multiplication  lies  in  the  formation  of  a  very  long  thread  con- 
sisting of  several  sections  united  together  by  means  of  a  delicate  bridge  between 
them.  This  phenomenon  is  of  common  occurrence  in  any  spironema  or  tre- 
ponema  culture.  It  is  highly  probable  that  the  usual  mode  of  division  in  culture 
is  transverse,  although  the  possibility  of  longitudinal  division  cannot  be  excluded. 
Recently  Meirovvsky"*  advanced  the  view  that  Spironema  and  Treponema  be- 
sides multiplying  transversely  also  do  so  by  a  process  of  fructification  (Dolden- 
bildung)  and  budding  (Knospbildung)  similar  to  that  observed  in  some  lower 
plant  organisms.  His  ideas  were  chiefly  based  upon  phenomena  observed  by 
mean^  of  various  methods  of  vital  staining,  in  a  culture  of  Treponema  pallidum 
(furnished  by  Sowade).  He  describes  numerous  granules  collected  in  a  group 
at  one  point  or  another  along  the  body  of  the  pallidum  and  also  branching  out  of 
sprouts  from  some  of  the  specimens.  There  are  many  factors  to  be  taken  into 
consideration  in  such  an  experimental  arrangement  which  will  make  it  difficult 
to  properly  estimate  the  value  of  the  observations.  Those  made  under  the  micro- 
scope on  a  preparation  containing  the  organisms,  consisting  of  semi-coagulated 
horse  serum,  solution  of  precipitable  aniline  dyes  (effected  particularly  through 
a  change  of  reaction  in  the  medium)  are  of  a  disputable  character  when  we  con- 
sider the  absence  of  strict  aseptic  precautions  as  well  as  the  comparatively  long 
period  of  observation  (many  days  and  Aveeks)  during  which  a  preparation  had 
been  kept  for  observation.  It  is  possible  that  under  these  unfavorable  conditions 
various  forms  of  involution  result  which  do  not  appear  under  normal  cultural 
conditions.  Certainly  it  is  not  convincing  that  this  so-called  fructification  or  bud- 
ding also  occurs  in  the  body  of  infected  hosts. 

Balfour*'^'  •^'^  noticed  the  appearance  of  certain  granules  within  some  of  the 
erythrocytes  of  fowls  which  had  just  stood  the  first  attack  of  the  Sudanese  fowl 
spironematosis  and  thought  that  these  granules  give  rise  to  a  new  generation  of 
the  spiral  forms  of  the  organism  which  reappear  at  the  second  attack.  That  is  to 
say,  that  a  Spironema  found  by  Balfour  in  a  Sudan  epizootia  possesses  a  spiral 
and  a  granular  phase  of  life.  Leishman,^^  Blanc,^^  Fantham,*^^  Nuttall,*'^^  and 
Hindle'"  also  entertain  the  belief  that  Spironema  duttoni  and  Spironema  galli- 
narum  adopt  a  granular  form  under  certain  conditions,  and  that  a  spiral  form 
can  sprout  out  when  the  conditions  become  favorable.  Thus  in  the  body  of  in- 
fected ticks  these  spiral  organisms  undergo  segmentation  and  numerous  granules 
are  produced,  a  process  analogous  to  sporulation.  These  granules  were  called 
by  the  authors  coccoid  bodies,  infective  granules,  or  spores.  This  view  was  sup- 
ported by  the  histological  studies  of  Hindle  who  secured  a  series  of  preparations 
in  which  these  granules  can  be  demonstrated  in  the  body  of  the  tick.  According 
to  Hindle  these  granules  become  spiral  when  the  infected  tick  is  incubated  at 
37°  C.  for  a  certain  time.  In  contradistinction  to  the  above  findings,  Marchoux 
and  Couvy,'^  Gleitsmann,'-  Gonder,'*'^  and  Todd  and  W^olbach'^  maintain  that  in 
an  infected  tick  some  motile  spironemata  can  always  be  demonstrated  and  that 
the  granules  described  by  Hindle  and  others  are  not  specific  for  the  infected  ticks, 
but  can  also  be  found  in  the  control  specimens.  Fantham*'^  points  out,  however, 
that  the  granules  of  normal  ticks  are  not  identical  with  the  coccoid  bodies  of 
Spironema  found  in  the  infected  ticks. 
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Schaudinn,  Prowazek,  and  others  noticed  that  certain  species  formed  nodules 
under  adverse  conditions  and  suggested  that  these  may  represent  a  resting  stage 
(or  resistant  form)  ;  but  Schellack  and  Wolbach  regard  them  as  a  depression 
phenomenon  which  can  also  be  induced  by  prolonged  treatment  of  the  organisms 
with  a  saline  solution.  Besides,  there  is  a  peculiar,  highly  refractile,  round  body 
which  is  very  often  found  attached  somewhere  along  the  side  of  the  body  of  the 
organism.  There  may  be  one  or  more  such  bodies  in  a  specimen.  The  signifi- 
cance of  this  body  is  still  obscure,  but  it  may  possibly  be  caused  through  a  dis- 
turbance of  the  osmotic  equivalence  existing  between  the  cytoplasm  of  the  organ- 
ism and  the  medium,  not  unlike  the  phenomenon  known  as  plasmoptysis.  I  have 
demonstrated  its  occurrence  in  the  cultivated  specimens  of  various  species  of 
Spironema  and  Treponema.  The  body  is  more  frequently  present  in  an  old  cul- 
ture in  which  innumerable  granules  are  also  found.  In  certain  culture  tubes 
these  minute  granules  are  mostly  of  varying  size.  By  making  a  transplant  of 
such  a  culture  into  a  new  medium  it  was  found  that,  when  examined  several  days 
later,  the  new  culture  contained  many  short  spiral  forms  which  were  in  one  man- 
ner or  another  intimately  connected  with  the  granules.  This  phenomenon  sug- 
gested the  possibility  of  representing  the  sprouting  of  the  spiral  forms  from  the 
granules. 

PATHOGENICITY. 

Spironemata  and  treponemata  are  parasitic,  and  some  varieties  are  respon- 
sible for  various  diseases  in  man  and  animals.  Various  forms  of  acute  febrile 
diseases,  as  well  as  chronic  pathological  conditions  are  caused  by  the  invasion  of 
the  blood  or  tissvies  by  this  group  of  organisms.  It  may  be  mentioned  that  the 
spironemata  are  almost  always  transmitted  from  a  sick  individual  to  a  normal 
person  through  the  intermediary  of  certain  blood-sucking  insects  and  invade  the 
blood  principally,  whereas  the  pathogenic  treponemata  are  carried  from  man  to 
man  by  direct  contact  and  show  a  predilection  for  various  organs  and  tissues.  As 
a  rule  the  phase  of  the  spironemal  infection  is  acute  and  brief  and  that  of  the 
treponemal  invasion  runs  a  chronic  course,  as  instanced  in  the  former  case  by  the 
type  of  relapsing  and  tick  fevers  and  in  the  latter  by  syphilis  and  yaws. 

Besides  the  pathogenic  species  there  are  a  large  number  of  saprophytic  va- 
rieties belonging  to  these  two  genera  (or  one,  according  to  certain  classifications) 
which  are  common  inhaljitants  of  the  oral  cavity,  genitalia,  and  alimentarv  tract 
of  man  and  animals.  Some  forms  arc  frequently  associated  with  certain  ])atho- 
logical  conditions,  but  their  ctiologic  significance  has  not  been  definitely  deter- 
mined. Sucli  is  the  case  with  S.  bahnilt'idls  in  Ulcus  erosina  circinata,  S.  I'incciiti 
in  an  acute  angina,  S.  schandinni  in  Ulcus  tropicus  and  Treponema  inueosuiii  in 
pyorrhea  alveolaris,  etc.  Tt  may  be  that  some  of  these  i)lay  the  role  of  a  secondary 
invader  and  aggravate  the  coinhtions. 

In  the  ff)llowing  table,  I  ha\e  enumerated  the  difi"erent  species  of  Spironema 
and  Tre])onema  which  ha\e  hitherto  been  observed  by  xarious  investigators 
throughout  the  animal  kingdom.  It  will  bf  seen  ihal  the  search  has  been  nior<- 
thorough  in  the  case  of  the  warm  blooded  vertebrates  than  the  cold-blot xled 
orders,  while  even  mosquitoes,  ants,  mites,  and  fleas  are  found  to  harbor  certain 
species  of  these  organisms. 
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Spiroch.et.e   (Large  Free- Living  Forms). 

Sp.  plicatilis.*      Fresh    water.      100-200^,    SOOm    max.X0.5-O.75A'Ehrenberg,   1838. 

Sp.  plicatilis   marina* Zuelzer,  1912. 

Sp.  plicatilis  eurystrepta* Zuelzer,   1912. 

Sp.  stenostrepta*    Zuelzer,   1912. 

Sp.  daxensist  Hotspring.  30-100MX0.5-0.75MCantacuzene,   1910. 

*Zuelzer  cultivated  these  varieties  in  a  suitable  medium  and  proved  each  of  them  to  be  different 
from  the  others;  hence  she  made  subspecies.  Schaudinn  considered  them  to  represent  male  and  female 
forms. 

tin  the  water  of  hot  springs   of  Dax   (52°-56°    C). 

Cristispir.E  axd  Saprospir^   (Large  Saprophytic  axu  Commensal  Forms  in 
THE  Alimentary  Canals  of  Shellfish). 

Cristispira  balbianii*.  . .  .Ostrea  angulata 

O.  edulis 100-120^X3-5m  .  Certes,  1882. 

C.  anodontae Fresh  water  mussel, 

A.  cygnea ;  also 

A.  mutabilis.  130^X3-4,^ Keysselitz,  1906. 

C.    spiculiferat ditto 28-36/^X0.7-1. 1/x.  Schellack,  1909. 

C.  primajt  t Prima  squamosa, 

P.   nobilis 10-60mX0.5-3m  ....  Gender,  1908. 

C.  mactrae Mactra  sulcataria  45-70/^ X 0.8-1. 0/x.  .Prowazek,  1910. 

C.    pectinis Pecten  jacobasus.  .72/^       Xl-5i" Gross,  1910. 

C.    interrogationis 25m       XO.Sm- Gross,  1910. 

C.  veneris Venus  casta Dobell,  1910. 

Saprospira  grandis Gross,  1912. 

S.    nana Gross,  1912. 

*Once  considered  to  be  trypanosome  or  spirochaeta. 
tBosanquet  doubts  its  being  a  separate  species  from  C.  anodontae. 
ttGonder  once  described  a  blepharoplast  near  one  blunt  end;  nucleus  in  single  rod  or  irregular  masses. 
Specimens  with  rod-formed  nucleus  may  be  male  elements,  since  they  are  highly  active,  the  others  female 
or  indifferent  elements.  A  concentration  of  all  the  chromatin  into  one  rounded  mass  was  sometimes  ob- 
served. Encystment  also  occurs.  Gonder  no  longer  upholds  his  above-cited  interpretations,  explaining  them 
on  the  ground  of  faulty   technical   handling  of  the  preparation. 


(Schei.i.ack)  Lens 

Average. 

C.  balbianii Ostrea    edulis 39 

C.  ostrae Ostrea    edulis 41.5 

^       ,  /  Chama   grvphoides    )   .~^ 

C.    chamje ,-  ^,      .    .  ^  >■  4^.6 

)  Ch.  sinistrorsa  ) 

C.  anodontse ....     Anodonta    mutabilis  46 

C.   spiculifera Anodonta   33 

C.   modiolse M.  barbato 37.5 

C.   primae P.   nobilis 30.4 

C.    limae L-  inflate,  L.  hiano.  37 

C.  cardii  papillose. C.    papillosum 19.1 

C.    tapetos T.   decussata 34.5 


C.    acuminata Tapes  laela.. 

C.    saxicavae Sax.  arctica. 

C.  gastrochaenae. .  .G.  dubia.... 


37 
31 
29 


S.  puscUa*. 


Anodonta,     Umo, 

Lima,  Tapes,  etc.      13 


th 
Extremes. 

35-42 
38-42.5 

45-46.5 

39-50.5 

28-36.5 

36-40 

29-31 

35-41 

18.5-20 

29-35 

43.5-49.5 

30-32 

constant 


12-14 


I.ength 
Average.      Extremes. 

1.3  1.1-1.5 
1.1        1.0-1.3 

1.4  1.3-1.5 


1.0 
0.9 
0.8 
1.0 
1.4 
1.2 
1.3 

1.0 
1.7 
1.2 


0.9-1.2 
0.7-1.1 
0.7-0.9 
0.8-1.1 
1.0-1.8 
1.1-1.4 
1.1-1.4 

0.9-1.1 
1.6-1.8 
1.1-1.3 


Ends. 

Rounded,  no  t.  ap. 
Sharp,  no  t.  ap. 

Rounded,  no  t.  ap. 

Rounded,  no  t.  ap. 
Pointed,  t.  filam. 
Rounded,  no  t.  ap. 
Rounded,  no  t.  ap. 
Rounded,  no  t.  ap. 
Rounded,  no  t.  ap. 
Rounded,    o  c  c  a- 

sional  t.  ap. 
Pointed,  no  t.  ap. 
Rounded,  no  t.  ap. 
One  end  blunt,one  , 
sharp,  no  t.  ap.  ' 


*Bosanquet  found  a   spirochaeta    10-12/t   in   length   which   he 
hartmanni  of  Gonder  or  with  S.  pusella  of  Schellack.     No  crista? 


0.3-0.4     Sharp  pointed, 
thinks   may   be   identical    with    Spirochxt^ 
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Spironema. 

S.    obermeicri* Man,   Europe.  .8-16mX0.25m.  .  Cohn    1877 -i 

f  •    f'-^'-t^" Man,   India.  .8-16mX0.2m Mackie    1507  ^-^ 

^•^""°"' Man,  West  Africa..  16-30^X0.2m Novy    knd    Knapp.    1906.    Breinl 

1906  '6 

^-    1^°^''^ Man,  East  Africa Schellack,  1907  ^^ 

^-    ^^'■be':^ Man,  Algiers    12^..  Sergent,  1908  ^s 

b.    sgyptica Man,   Egypt   135^ 

f  ■    "°''-'''  ■  •  •  • ; Man,  North  America '. . .  12m.'  .'  Schellack,  1907  '^ 

o.     1  c  t  e  r  o-hemor- 

^        '"!''''""' Man,  4-9/XX0.3M,  exceptionally  2Sm.  . .  .  Jnada    1914-15  '^ 

b.   nodosum Man  tt     ,  '  ,  '^ 

S.    gallinarumt Fowl    : Huebener  and  Renter,  1916.so 

S.    anserina Goose       Ill  f "1  Sahmbeni,   1903.si 

o    ,,  „-,     .  ^     ,  • Sacharofif,   1890.S2 

^-  f  ^'.'^"  •  -  : Cattle,  20-30MX0.25-0.33/X Laveran.  1902. 

|^°^''^"^"^ £^"1^  Xuttall,   1910. 

^   '^"'. ]l^''^  Novy  and  Knapp. 

^-    "'^"'"^ Horse  Theiler,  1906.-'"^ 

^-  Z"": ?'"'"     Blanchard,  1906. 

S    pid  eci ^"a'^acus    Ceylon   Castellani   and   Chambers,    1908. 

P"''" Cereopethicus  pates    Thiroux  and  Dufongere,  1910 

French  Sudan  

S.    lutrae Otter  d  1      mn- 

Q    ,         .  ^  Frowazek,    190/. 

c    ^°^'ati..... Grouse's    coccum    16-35.5/^X Fantham    1910 

b.  vesperugmis Tunisian    bat.  12-18mX0.25m Gonder    1908 

S.    lagopodis Grouse's   blood. .  .  10-18/.X Fantham,  1910 

^  ^'^■''■""' ^^°"^e    .  .1.8-3.75/XX0.1-0.2M Breinl   and  Kinghorn.    1906  «* 

^"''•. Pigskm  lesion  or  tumor  6-12m Dodd,  1906,  Cleland    1906 

"'."'■" ^at    3-7MX0.2M Wenvon,  1906  s^ 

^    ™"°'' Rat   5-9M Carter,  1887.- 

5.   microgyratum...  Ulcerated    cancers,    5-11mX1.5-2m    2.5- 

6/^X0.16-0.25^    L6vventhal,  1906  S7 

'•    ^"gyratum Human  intestine,  stenogyr.  4.6-7.0M.  . .  .  Werner    1906 

5.  stenogyratum.  .  .  .  Human  intestine,  3.6-6.7^ Werner'   1906 

^-    ^°"^" Rodent    Ctenodactylus   gondi    ]6-19mX 

,.  ,,     „  O-^''     Nicolle,    1907. 

gatli S.    W.  Fish,   Gadus  minutus 

10-16MX3.5-4M   Neumann,    1909. 

pelanchj^is  S.  W.  Pelamys  sarda 9-10/.X1-1.9M Neumann.    1909. 

jonesii,  t.  V\.  ...I.,sh,  Clavias  angolcnsin   ISmXO.Im.  .  .  .  Dutton,   Todd  and   Tobv    1906 

hartmanni j'rima  .squamosa, 

,  ''•  "obilis  intestine  6-14mx1/" (bonder,  1908.^^5 

.  ^^"'^ I^"fo  vugaris  Rectum  8-10mX1.5m.  . . .    Dobell    1908 

'"'"'^' VVork.      Ants.      Tcrmes    Iiici  fugus    15- 

,,      50MX0.3-1M     Frowaxek,   1910. 

^,°'''"* 1  se-tsefly   stomach   8-15m Now  and  Knapp.  1906. 

^"'"^"^ <^'i'>t.  aliment,  canal  lar'.,^e laffe    1907 

^""^^•:^^^ 12-20MX0.5-XM     Cohn'    1877 

J'"""*' I'liaryngitis    10-40m.  .  Blanchard,  1906."" 

t.        '•  •  •. \l)sccss  near  jaw Vcspremi.  1907.'" 

It'",  '"";,. ; ^'''^''^^   ">^"    Prowazck,  1907.--' 

Pseudopaihdum  .  .  Various  ulcers    Mi.lzcr    1905  "  •• 

'"■""'■'"•''■^ Bronchitis    in    Ceylon    15-30m Caslcllani,   1907.'^' 

P'j^'Sedcnis I'hagcdenic  ulcer  in  man \oguchi    191 '  "•- 

h.lnnT  !■' 8-12MX0.33M     Scli.iu.Iim,,    1005.'' 

o,t"',„     Halanitis    8-12/.X0.5-0.75M linlTmann    ami    i'roua.ek     I'KUi.--^' 

°^'"'""^ ^  aws    lesion    Castellani.    1905.=- 
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Spikonema  (Cont'd). 

S.   acuminatum Yaws    Castellani,   1905. f" 

S.    aboriginalis Ulcerative  granuloma   on   pcdenda.... 

18-20M Cleland,  1909.^'- 

S.  inten-ogant. Yellow    fever    14/^X0.17^ Stimson,  1909. 

S.   hyos Hog  cholera    King,  Hoffmann,  Bseslack,  1913.9s, 

09,  100 

S.  grassi Termite   in   Italy Doflein. 

S.   termitis Termite  in  Ceylon  large Dobell,  1910. 

S.   ctenocephali Dog  flea   Patton. 

*Synonynious  with    S.    rccurrentis.    I.ehert,    1S74. 

tThere  are  three  suljspecies:  S.  granulosa  [lenetrano,  in  Sudan;  S.  nicollei  in  Tiniis,  and  S.  neveiixi 
in  Senegal. 

ttSubs[)ecies:     L'ndnlata  and  inequalis. 

Lingard  described  Spironema  in  the  blood  of  the  camel,  dog,  elephant  and  horse; 
James,  in  an  ulcer  of  the  dog's  muzzle,  and  Lucet  in  the  gastro  enteritis ;  Mathias  and  Leger 
in  the  blood  of  the  zebra  and  antelope;  Bell  and  Ruquet  in  the  stomach  of  a  normal  dog; 
Dobell  in  Tropidonotus  stolatus ;  Miihlens  and  Gleitmann  in  the  boa  constrictor ;  Ed.  and  fit. 
Sergent  in  the  alimentary  tract  of  anopheles  maculipenis  larva;  Miihlens  often  found  spiro- 
chetes resembling  S.  recurrentis  in  the  Culex  mosquitoes. 

Treponema. 

T.   pallidum Syphilis    6-14/^X0.2-0.25/^. ..  .Schaudinn    and   Hoffmann,    1905.6 

T.    pertenue Yaws    Castellani,   1905. i"i 

T.    microdentium 3-12^X0.2-0.25/^.  . .  .Noguchi,  1912.i"- 

T.  dentiumt Koch,  1877. 

tSubspecies:     S.    recta,    S.    tenue,   S.   denticola. 

T.  macrodentium 6-18/*X0.3-0.5/t Noguchi,  \9\2.'^"- 

T.    mucosum Pyorrhea    alveolaris   3-12/tX0.2-0.25/i.  .Noguchi,   1912.i"'' 

T.    calligyrum Condyloma     Noguchi,   1912. ""^ 

The  foregoing  list  may  be  classified  according  to  the  habitat  of  the  organ- 
isms. Thus,  when  they  multiply  within  the  blood  circulation  of  man  or  animals 
they  may  either  lead  to  a  grave  pathological  condition  or  may  produce  no  appre- 
ciable disturbance  of  the  host  that  harbors  thein.  In  the  case  of  certain  tissue- 
invading  species,  serious  pathological  consequences  may  ensue  or  the  host  r.iay 
remain  more  or  less  indifferent  to  the  parasite. 

1.     Varieties  which  invade  the  blood  principally. 

(A)  Those  which  cause  characteristic  fevers  knoi^'u  as  relapsing  or  tick  '. 
fever  (pathogenic). — There  are  seven  for  man,  five  for  mammals  and,  at  least,  j 
two  for  birds.     These  are :  i 

Par  man:  Spironema  ohernicieri  (in  European  relapsing  fever),  vS'.  carteri\ 
(in  East  Indian  relapsing  fever),  S.  duttoni  (African  tick  fever),  S.  kochi  (in  I 
East  African  tick  fever),  S.  noz'yi  (in  American  relapsing  fever),  S.  acgyptica\\ 
and  S.  herhera  (in  Egyptian  and  North  African  relapsing  fever).  j 

For  inanniials:  Spironema  theileri  (in  South  African  cattle  fever),  S.  equi]^ 
and  S.  equina  (in  horse),  and  S.  ovinae  (in  sheep),  S.  macaci  and  S.  pitheci  (bothi 
in  East  Indian  monkeys) .  I 

For  birds:  Spironema  gallinarum  (in  South  American  and  African  chicken) 
fevers),  S.  anserina  (in  goose  fever). 

(B)  Those  which  do  not  seem  to  produce  any  grave  condition,  hut  are  m 
cidentally  found  (nonpathogenic J. — 

For  man:    None. 
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For  mammals:  Spironcma  lutrae  (in  otter),  S.  gondii.  S.  vcspcntginis 
(Tunician  bat).  S.  muris,  S.  minor  (both  in  rats),  5.  lavcrani  (in  mouse).  The 
organism  found  by  MacneaP""'  may  be  identical  with  S.  muris. 

For  birds:    Spironcma  lagopodis  (in  grouse's  blood). 

For  reptiles:     Spironemata  found  in  Tropidonotus  and  Boa. 

For  fish:    Spironema  gadi,  S.  pclamydis,  S.  jonesi. 

2.  Varieties  which  invade  the  tissue  principally. 

(A)  Those  zchich  cause  characteristic  lesions  and  symptoms  (pathogenic). — ■ 
In  this  group  there  are  no  Spironema,  but  the  only  two  known  varieties  belong  to 
Treponema.  No  pathogenic  tissue  parasite  belonging  to  Spironemace^e  was  found 
in  animals.  The  two  pathogenic  treponemata  for  man  are  Treponema  pallidinn 
(in  syphilis),  and  T.  pertenue  (in  yaws). 

(B)  Those  which  do  not  seem  to  cause  any  noticeable  lesion. — To  this  be- 
longs a  Spironema  (or  Treponema)  discovered  by  Gaylord^'"^- ^■''  and  BorreP"* 
in  mouse  cancers.  Similar  organisms  were  found  by  Tyzzer,^'"^  Deetjen,^^"  and 
Mezinescu.^^^ 

3.  Varieties  wh.ich  invade  both  the  blood  and  the  tissues  indiiierently. 
Spironema  (?)  icterohemorrhagicc  (in  Weil's  disease  prevalent  in  Japan)  and 

S.  nodosum  (in  Weil's  disease  prevalent  in  Germany)  are  the  only  ones  so  far 
known  to  come  under  this  heading.  The  former,  first  discovered  by  Inada,  is  prob- 
ably identical  with  S.  nodosum  of  Huebener  and  Reiter,  who  also  found  it  indepen- 
dently of  Inada  a  year  later.  Stokes  confirmed  the  work  of  Inada  on  the  cases 
prevalent  in  Flanders.* 

4.  Varieties  which  may  be  associated  with  certain  pathological  conditions 
and  some  of  which  are  regarded  as  having  a  more  intimate  relation  to  the  lesion 
than  that  of  mere  secondary  invaders. 

There  are  about  seven  Spironemata  and  one  Treponema  wliich  ha\e  been  re- 
corded in  man  and  may  be  included  in  this  category.  These  are:  Spironenw  vin- 
centi  (acute  pharyngitis),  S.  schaudinni  (in  tropical  ulcers),  S.  hronchialis  (in 
pulmonary  gangrene),  S.  balanitidis  (Ulcus  erosiva  circinata),  S.  gracilis  (ulcerat- 
ing jaw),  S.  aborigijialis  (ulcerative  granuloma),  S.  phagcdenis  (in  phagedenic 
ulcer).  The  only  Treponema  which  may  be  constantly  associated  with  pyorrhea 
aveolaris  is  7\  mucosum.     S.  suis  was  found  in  the  ulcerating  lesions  of  pigs. 

5.  Varieties  which  are  found  in  or  al)(iut  the  l)ody  ca\-itics,  alimentary  tract. 
and  genitalia  are  nonpathogenic  and  numerous. 

For  man  there  are  described  eight  si)ecies  of  vS])ironenia  and  fixe  s])ccies  of 
Treponema.  vSome  of  them  have  l:)een  known  for  many  years  while  others  are  of 
ecent  addition.  It  may  liere  be  noU'd  that  similar  llora  are  encountered  in  mam- 
naiian  animals.    These  are  as  follows  : 

Spironema  refringcns,  S.  microgxratum,  S.  buccalis,  S.  acuininalmn,  S.  ohiu- 
um,  S.  pseudopallidum,  S.  eui/yrnl urn ,  S.  sIcKogyral iim .  :ind  I'rcponcma  macro- 
'entiuin,  T.  medium,  T.   microilcnlium .  7".  dcniiiim,   T.  caltigxntm. 

S.  //yo.v  discovered  hy  King  and  I '..eslaek'^  in  the  blood  ol"  pigs  sul'lering  Inmi 
og  cholera  is  considered  by  them  to  be  the  cause  of  this  disease.'"'-  ^""'     This  or- 

•I'crson.-il    (•iiimiuinicatiijii    fir)iii    Dr.    Adri.-in    SinUcs,    t'.ipt.iin     l\.    A.    M.    C. 
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ganism  should  be  more  extensively  studied,  particularly  in  its  relation  to  various 
spirochaetes  found  in  certain  conditions  in  this  animal. ^^-'  ^^^ 

The  Spironema  flora  in  birds,  reptiles,  fish  and  amphibia  is  practically  unex- 
plored, but  we  find  one  Spironema  bufonis  in  a  toad. 

For  insects  there  are  on  record  several  spironemata;  namely,  S.  cidcis  (culex 
mosquito),  S.  tcnnitus,  S.  grassi  (both  in  mites),  5.  ctcnoccphali  (in  dog  fleas). 

Before  leaving  this  chapter  it  may  be  well  to  dwell  somewhat  more  extensively 
on  the  two  recently  discovered  pathogenic  spironemata.  Brief  mention  has  been 
made  of  the  one,  namely  Inada's  S.  icterohemorrhagia:,  causing  Weil's  disease. 
The  other,  discovered  by  Futaki,  Takaki  and  Taniguchi"*  in  the  blood  and  glandu- 
lar tissues  in  two  cases  of  rat-bite  fever  in  Japan,  is  a  Spironema  believed  by  them 
to  be  allied  to  S.  recurrcntis.  ■ 

Since  Weil^^^  called  attention  to  the  existence  of  an  infectious  disease  char- 
acterized by  a  sudden  onset,  chills,  high  fever,  muscular  pains,  jaundice,  occasional 
hemorrhages  in  the  skin,  and  acute  nephritis,  there  have  appeared  numerous  con- 
tributions to  establish  the  entity  of  the  disease.  It  has  been  found  to  break  out 
among  the  soldiers  in  a  barrack  or  among  butchers  or  sewage-drainers.  The  mor- 
tality in  European  epidemics  was  rather  low  (about  15  per  cent).  The  disease 
reaches  its  maximum  on  the  9th  or  10th  day,  and  then  gradually  ends  in  a  lysis 
which  retards  the  recovery  of  health  for  about  a  month  or  longer.  Death  occurs 
before  the  end  of  the  second  week  of  the  illness.  A  similar  disease  has  been  known 
in  Japan  for  the  past  several  years.  It  was  reported  in  certain  districts  (Kiushiu, 
Chiba,  Shikoku)  to  have  claimed  many  thousands  of  victims  every  year  among  the 
farmers,  miners,  and  other  laborers.  Children  under  ten  years  of  age  are  seldom 
afifected,  while  those  who  are  more  occupied  in  field  work  contract  the  disease  more 
frequently.  There  seems  to  be  no  authentic  instance  in  which  the  disease  was 
carried  to  another  individual  by  direct  contact.  While  many  bacilli  and  cocci  had 
been  isolated  and  temporarily  held  to  be  the  causative  agent  of  this  disease,  no  con- 
clusive evidence  had  been  adduced  to  support  them.  Jaeger^^*'  once  described  a 
B.  proteus  fluoresccns  as  the  cause  of  Weil's  disease,  prevalent  in  1892. 

Since  1912  Inada  and  his  associates'^  have  undertaken  an  extensive  experi- 
mental study  of  this  disease,  and  in  1914  succeeded  in  transmitting  it  to  guinea 
pigs.     Macacus,  rabbits,  rats  and  mice  were  partially  or  completely  refractory 
to  the  inoculation.     The  most  important  points  of  the  work  of  these  investigators 
are  (1)  the  reproduction  of  the  typical  symptoms  (fever,  jaundice,  acute  nephri- 
tis, swelling,  and  fatty  degeneration  of  the  liver,  generalized  hemorrhages,  sub-    jJ 
normal  temperature  before  death,  etc.)  ;  (2)  the  fact  that  successful  inoculation    ' 
of  the  guinea  pig  depends  upon  the  period  of  the  disease  at  which  the  blood  was 
drawn  from  the  patient ;  namely,  no  positive  result  was  obtained  with  material   | 
taken  after  the  first  week  of  illness;  and   (3)   the  discovery  of  the  Spirochseta,   , 
S.   icterolicmorrhagicc  in  the  blood,  visceral  organs,   glands,   aflr'ected  skin,  and  j 
muscles,  both  in  man  and  the  experimentally  infected  guinea  pig. 

It  must  be  mentioned  that  the  discovery  of  the  Spironema  was  first  made  ( 
early  in  1915  with  the  tissues  and  blood  of  the  guinea  pig,  as  the  organisms  are  | 
more  abundant  in  experimental  Weil's  disease  than  in  human  cases.  In  Octo-  i 
ber,    1915,   an  opportunity   was   afl:"orded   me   to  observe   a  number  of   cases  of 
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this  disease  occurring  in  Chiba  and,  tlirough  the  cooperation  of  Dr.  Miyajima, 
some  material  for  experimental  studies  was  collected.  One  of  the  patients  had 
had  the  attack  a  month  previously  and  was  at  the  convalescent  stage.  He  was 
anemic,  thin,  and  moderately  jaundiced.  The  urine  (dark,  turbid)  was  collected 
and  inoculated  into  the  peritoneal  cavity  of  the  guinea  pig.  The  animal  started 
to  show  the  typical  symptoms  (fever,  jaundice,  epistaxis,  petechia,  bile  pigment 
in  the  urine,  etc.)  within  one  week  and  was  examined  just  before  death.  The 
heart's  blood  showed  S.  icterolicinorrhagicr  in  moderate  numbers.  They  were 
motile  (their  curves  were  irregular  and  showed  lateral  twitching  motions  or 
some  serpentine  m.ovements).  Their  length  varied  from  9  yu,  to  12  /x,  and  the  width 
was  about  0.4  /m.  More  organisms  were  seen  in  the  emulsions  of  the  liver  and 
kidney.  Some  of  the  specimens  were  as  long  as  16  /x  and  some  as  short  at  4  jn. 
The  number  of  curves  varied  from  4  to  10.  Inada,  Ido  and  Hoki,  and  others 
state  that  the  body  of  the  organism  seems  to  be  beaded  when  examined  under 
the  darkfield  microscope.  L,ike  other  minute  treponemata  or  spironemata,  the 
unstained  Spironema  of  Weil's  disease  is  invisible  under  the  ordinary  micro- 
scope. When  stained  with  the  Giemsa,  carbol  fuchsin,  genitan  violet,  or  Fon- 
tana  stains,  the  organism  presents  a  spiral  thread  possessing  only  a  few  large 
curves  with  pointed  extremities.  There  is  a  certain  resemblance  to  Vincent's 
Spirochata,  although  it  is  somewhat  smaller  and  finer  than  the  latter.  A  fiagel- 
lum  has  not  been  demonstrated,  but  in  a  preparation  stained  according  to  the 
modified  Fontana  method,*  I  was  able  to  see  a  delicate  projection  drawn  out  of 
the  pointed  end  of  the  organism.  Probably  there  is  a  terniinal  thread.  It  is 
quite  astonishing,  however,  to  find  that  the  organisms  stained  by  the  Levaditi 
method  appear  to  be  very  heavy,  irregular  forms  with  a  few  tortuous  bends  and 
blunt  ends.     By  applying  a  modified  technic^^'  the  organisms  stain  much  more 

legantly  and  preserve  their  delicate  appearance. 

As  will  be  mentioned  later,  the  Spironema  icfcrolicinorrhagice  has  been  suc- 

essfully  grown  on  artificial  media  and  the  disease  reproduced  in  the  guinea  pig 

y  means  of  the  pure  culture. 

Huebener  and  Reiter^"  reported  early  last  year  (1916)   that  they  were  also 

ble  to  find  a  Spirochseta  in  the  experimental  AX'eil's  disease  in  the  guinea  pig. 

The  Spirochseta,  designated  S.  nodosa  by  them,  seems  to  be  identical  with  the 

trains  isolated  by  the  Japanese  investigators.     As  briefly   referred  to,   Stokes 

«as  just  isolated  the  same  organisms  for  the  Weil's  disease  existing  in  Belgium. 
le  also  succeeded  in  reproducing  the  typical  disease  in  guinea  pigs  in  which 
le  organisms  were  demonstrated  in  abundance. 

The  re])ort  of  Futaki  and  liis  associates  on  the  finding  of  a  spironema  in 
K'  inflamed  skin  and  lymph  glands  in  two  cases  of  rat-bite  feverf  is  interesting, 
i;i>much  as  the  clinical  feature  of  this  disease  had  already  suggested  to 
r"hn"'^  its  possible   relation  to  recurrent   fever.      Hata   .-md  otlicrs   liad    found 

"Fix    air    dried    film    in    (1)    a    mixture    of    acetic    acid    8    c.c,    forni.^lin    20    c.c,    and    distilled    water 

I  c.c.   for  a  few  minutes;   rinse  oflf  the  fixing  reagent.     Cover  the   film  with    (2)   a  mixture   of  20%    tannin 

1%    phenol,    and    steam    it    over   a    flame    for    f)ne    minute;    wash    the    film    well    and    llu-n    immerse    the 

'    in   a   0.2.S%    silver    nitrate    solution    for    a    minute    or    two.      After    washiuK.    I'ovir    the    Idm    once    more 

1    (21   and  steam   it  over  a  flame,   wash   and   dry. 

tSymptoms:  Incubation  of  10  to  27  days,  then  chills,  fever,  headache  and  malaise.  Local  inflain- 
ition  at  the  site  of  bite;  pains  in  the  limbs  of  the  affected  side;  dark  red  eruptions  ami  swollen  lymph 
mds;  3  to  7  days  fever  with  an  afebrile  interval  of  2  to  3  days.  Temperature  curve  similar  to  that  of 
apsing  fever. 
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an  effective  therapeutic  agent  in  salvarsan  and  mercury.  These  spironemata 
were  found  to  be  acti^•ely  motile  when  examined  by  the  darkfield  microscope, 
and  were  successfvilly  transmitted  to  the  Inus  monkey,  guinea  pig,  and  white 
rat  for  many  generations.  The  organism  discovered  b_y  Futaki  appears  to  be 
alHed  to  the  blood  spironemata  of  relapsing  fevers.  In  the  meanwhile  this  will 
raise  an  interesting  question  in  regard  to  the  possible  existence  of  a  spontaneous 
Spironema  infection  in  rats.  So  far  as  I  am  aware,  there  is  no  observation  on 
record  of  the  finding  of  any  pathogenic  Spironem.a  in  the  rat,  notwithstanding 
the  fact  that  this  animal  had  been  much  hunted  and  examined  by  health  officers 
for  the  plague  bacilli,  thus  affording  numerous  opportunities  to  make  an  acci- 
dental discovery.  Perhaps  the  finding  of  Futaki  may  open  up  a  new  field  wherein 
to  search  for  a  hitherto  undiscovered  source  of  disease  communicable  to  man. 

VIABILITY. 


i 


There  is  a  great  deal  of  experimental  data  bearing  upon  the  viability  of 
various  spiral  organisms  generally,  especially  upon  the  most  widely  investigated 
species,  Treponema  palUdiim.  In  recording  the  results  it  is  necessar}^  to  make 
a  distinction  between  experiments  made  with  uncultivated  organisms  and  with 
those  which  have  already  adapted  themselves  to  the  artificial  cultural  conditions, 
in  view  of  the  fact  that  the  latter  offer  a  much  greater  resistance  to  certain  ex- 
ternal influences. 

The  free  living  Spiroch^ta  lives  for  about  a  week  or  ten  days  when  taken 
out  of  its  natural  habitat  and  placed  in  a  vessel  without  the  observance  of  any 
special  precautions.  On  the  other  hand,  Zvielzer--  was  able  to  keep  various 
free  living  species  of  Spirochceta  (plicatilis  type)  alive  for  an  indefinite  period 
of  time  by  keeping  them  in  a  hermetically  sealed  vessel  in  which  a  sufficient 
amount  of  hydrogen  sulphite  and  certain  organic  matters  derived  from  stag- 
nant water  were  supplied  from  time  to  time ;  in  other  words,  in  a  culture. 

The  maximum  time  during  which  Cristispira  can  be  kept  alive  is  about  two 
days  even  under  favorable  conditions.  No  culture  has  yet  been  obtained  with 
any  member  of  the  shell  fish  parasites. 

For  Spironema  it  was  found  that  the  pathogenic  vareties,  including  S.  re- 
currentis,  S.  duttoni,  S.  iiovyi,  S.  galUnaruiii,  still  remain  infective  after  a  little 
more  than  40  days  when  kept  in  a  refrigerator  (2°-4°C.).^^  At  body  tempera- 
ture (37°C)  complete  disintegration  of  the  organism  takes  place  within  48  hours. 
No  accurate  data  can  be  found  regarding  the  saprophytic  species  which,  it  may  be 
assumed,  can  remain  alive  much  longer  than  their  pathogenic  congeners.  | 

Of  the  Treponema  group,  Treponema  pallidion  has  received  most  attention. 
Authors  agree  that  the  syphilis  organism  quickly  becomes  sluggish  after  being  , 
removed  from  the  living  tissues  and  that  motility  can  seldom  be  detected  in  any 
specimen  which  has  been  maintained  at  37° C.  for  24  hours.  On  the  other  hand,  ; 
the  pallidum  contained  in  a  resected  tissue  (for  example,  a  piece  of  chancre  or  I 
rabbit's  testicular  syphiloma)  is  still  found  to  be  infective  after  being  kept  at  i 
room  temperature  or  in  a  refrigerator  for  48  hours  or  sometimes  even  72  hours.*  j 
In  a  culture  medium  consisting  of  rabbit's  plasma,  a  piece  of  rabbit's  kidney  and  | 


'Isolated   specimens   die   within    10   hours    in   a   refrigerator    (Neisser). 
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ascitic  rtuid.  many  pallida  introduced  in  the  form  of  an  emulsion  of  rabbit^s  tes- 
ticular syphiloma  remain  quite  active  for  3  or  4  days  when  kept  at  37°C  under 
anaerobic  conditions.  But  they  do  not  ahvays  multiply  to  form  a  real  culture 
It  was  found  that  postmortem  material  containing  Treponema  paUidum  may 
still  be  able  to  infect  a  susceptible  animal  when  inoculated  within  24  hours  "'« 
The  organism  is  killed  at  a  temperature  between  50^  and  55°  C  maintained ^for 
twenty  minutes.  , 

The  resistance  and  yiability  of  cultivated  strains  of  T.  pallidum  is  much 
•reater  than  that  of  the  organisms  found  in  the  tissues.  Akatsu,  workino-  in  my 
aboratory.  tound  that  when  the  pallidum  is  isolated  from  a  fluid  culture  and  put 
n  a  fraction  ot  a  cubic  centimeter  of  the  same  fluid,  it  invariably  dies  within  24 
lours,  nojnatter  whether  it  be  kept  at  37°.  15°,  or  2°C..  but  it  survives  for  5 
lays  at  o/-,  7  days  at  15°,  and  10  days  at  2°C.  when  kept  in  2  c.c.  of  the  fluid 
)n  the  other  hand,  a  small  portion  of  a  solid  culture  set  aside  in  a  tube  remains 
apable  ot  transplantation  into  a  new  medium  for  48  to  72  hours  at  15°C  and  for 
■  to  ^  days  at  2°C.  In  a  quantity  of  about  2  c.c.  of  the  culture,  the  organism 
emams  alive  as  long  as  twenty  days. 

In  undisturbed  cultures  T.  pallidum  remains  ali^•e  for  a  considerable  length 
t  time.  Thus  a  solid  culture,  set  up  according  to  the  original  method^^o  will 
.mam  t.;ansplantable  to  a  new  medium  for  a  period  of  one  year  uninterruptedly 
ept  at  6/  L.  At  1:,^C.  it  remains  alive  after  standing  4  or  5  months,  while  in  a 
ingerator  (2^C.)  it  survives  about  2  months.  In  a  fluid  medium  consisting  of 
otic  fluid  and  a  piece  of  fresh  rabbit's  kidney  covered  with  fluid  paraffin  the 
■ganism  lives  about  2  to  3  months,  and  in  a  double  tube  method--  about  4 
onths  at  3/°C. 

r.    calligyrum,    T.    mucosum,    T.    microdcnfium   are  about   the   same  as   the 

hdum  m  regard  to  their  resistance  and  viability.     These  organisms  resist  the 

tion  of  the  sun's  rays  when  exposed  directly  for  several  hours  (4  hours  and  30 

nutes)  at  a  temperature  of  30°C.   (summer)  and  4°C.   (winter),  although  no 

owth  was  obtainable  with  material  exposed  for  12  hours   (Akatsu). 

Drying  promptly  kills  them,  that  is.  no  growth  can   be  obtained  bv  trans- 
nting  the  dried  cultures  into  new  media. 

The  thermal  death  points  for  T.  pallidum  as  tested  „ut  with  pure  cultures 
;  as  follows : 


45°  C. 
50=  C. 
55°  C. 
60°  C. 
65°  C. 


5   inin. 

10    mill. 

15   mill. 

.■50    mill. 

60    111 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

•f 

+ 

— 



li^  above  data   were  obtained   by   Akatsu  and   closelv   a^rce   uith    those  ob- 
■^0-   l>n,nlenbrenner.-  wlio   found   that    the  several'strains  of   T    MlUdum 
'le.stroyed  at  >lighlly  lower  temperature..      It   nmst   be  stated   that    I'.ronfen- 
JZ   r,      '"''"'"'  '"'^^'"'^"^^  suspended  in  ^ahne  n,-  ascitic  fluid,  winle  .Akatsu 
^'^''"''"'^■'"'""^^•■■'^■ti-nof  heat  in  a  thin  culture  tube. 
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MICROCHEMICAL    REACTION. 

As  mentioned  elsewhere,  a  number  of  substances  have  been  found  to  exert 
a  dissolving  or  disintegrating  action  upon  so-called  "spirochsetes"  in  general  as 
well  as  tipon  certain  protozoa.  This  phenomenon  is  claimed  by  certain  authors 
to  be  decisive  enough  to  place  the  spirochretes  among  protozoan  organisms,  as 
the  majority  of  bacteria  (pneumococcus  is  an  exception)  remain  unaffected,  and 
some  can  multiply  freely  in  a  saponin  solution  which  destroys  spirochsetes.  While 
a  too  far-reaching  generalization  from  these  observations  may  be  avoided,  these 
reagents  nevertheless  furnish  us  with  an  excellent  means  of  studying  the  micro- 
chemical  structure  of  the  organisms.  The  following  table  contains  a  summary 
of  all  available  data  which,  however,  is  veiy  fragmentary  and  incomplete. 


Tabi^i;  I 


TREPONEMA 
PALLIDUM. 


Saponin   !10  per  cent  so- 

1  u  t  i  o  n  :  3  0 
min.,  immo- 
bilized, irreg- 
ular, paler. 
1  hour :  mostly 
broken  up. 
Kills  in  1:75,- 
000     dilution. 

Sodium  taurocholate  10  per  cent  so- 
lution :  like 
the  above; 
kills  in  1:2,- 
500     dilution. 


SPIRONEMA 
RECURRENTIS. 


Sodium  glycocholate 
Sodium    cholate. . . . 

Sodium  oleate 


Cobra     lecithid. 
Cobra    venom. . 


Pepsin  (0.1  in  150 
c.c.  of  0.3  per  cent 
HCI) 


Same  as  sodi- 
um taurocho- 
late. 

Same  as  above, 
but  kills  in 
1 :5,000  dilu- 
tion. 

10  per  cent  so- 
lution :  Same 
as  above,  kills 
in  1  :  70,000 
dilution. 

Kills  in  1:1,000 

dilution. 
Kills  in  1:1,000 

dilution. 
Cells    swell    up 

in  2  hours. 


Like  pallidum 
when  treated 
in  10  per  cent 
solution. 


10  per  cent  so- 
1  u  t  i  o  n  :  im- 
mobile in  15 
min.  The 
outer  layer 
shrinks  into 
irregular 
mass  e  s  e  x- 
posing  axial 
filament.  Fi- 
n  a  1  disinte- 
gration. 


Almost  dis- 
solved in  1 
hour,  but 
some  may 
still  be  mo- 
tile. 


CRISTISPIRA 
ANODONT^ 


SPIROCH.ETA    PUCATILIS. 


10  per  cent  so-  10    per    cent    solution: 


1  u  t  i  o  n:  1-2 
hours,  crista 
fibrillar,  and 
then  i  n  d  i  s- 
tinct. 


still  motile  in  30 
min. ;  longer  contact 
makes  the  body  shad- 
owy, but  no  disso- 
lution. 


10  per  cent  so- i  Same  as   saponin, 
lution  :       d  e- 
stroyed  in   15 
minutes. 


Slight  change. 


Granules  appear  in  > 
or  3  days  at  40°  C 
but  only  sligl 
change  at  lower  ter 
perature. 
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Table  I — (Cont'd) 


TREPONEMA 
PALLIDUM. 


Trypsin    (0.2    in    10  Resist  the  tryp- 
c.c.  of  0.5  per  cent      tic     digestion 


Na.COo) 


for 
days. 


many 


SPIRONEMA 
RECURRENTIS. 


CRISTISPIRA 
ANODONT-B. 


HoSOi  T  per  cent  so- 
lution :  Im- 
mobilized im- 
m  e  d  i  a  t  ely, 
short  ened, 
granular, 
swollen,  i  n- 
distinct 
curves.  1 
hour  the 
same.  30  per 
cent  solution : 
dissolves  the 
organisms. 

KOH  10  per  cent  so- 
lution :  r  e  n- 
dered  indis- 
tinct in  30 
min. ;  dissolu- 
tion in  1  hour. 


Crista,  c  h  a  m- 
bers  and  con- 
tents  disap- 
pear in  24-48 
hours.  Mem- 
brane resist- 
ant. 


1    per   cent    so-  30  per  cent  so- 
lution:     com- 1     lution    dis- 
plete      immo-i     solves     them, 
biliz  a  t  i  o  n  ; 
many    appear 
thinner,    but 
forms      well- 
preserved.    30 
per    cent    so- 
ultion  :   disso- 
lution. 


Na.CO, 


per  cent  so- 
lution :  i  m- 
m  o  b  i  1  ized, 
but  no  mor- 
p  h  o  1  o  gical 
changes. 


10  per  cent  so- 
lution :  d  i  s- 
solves  most 
of  them  in  1 
hour ;  more 
resistant  than 
the   pallidum. 


1  per  cent  so- 
lution ;  i  m  m  o- 
bilized,  slight- 
ly granular, 
but  well  pre- 
served. 


SPIROCH.ETA     PLICATILIS. 


Granules  and  axial  fila- 
ment made  distinct 
in  short  contact.     At 

40°  C,  for  2  or  3  days, 
only  the  sxial  fila- 
ment remains.  It 
may  break  into  many 
pieces  corresponding 
to  curves. 

1  per  cent  solution 
causes  immediate 
stretching  of  curves, 
w'hich  resume  their 
winding  when  adding 
1  per  cent  KOH,  or 
vice  versa.  This  can 
be  repeated  many 
times.  30  per  cent 
solution  dissolves  the 
spirochaeta. 


per  cent  so- 
lution de- 
stroys Crista, 
m  e  m  b  r  ane 
resists  10  per 
cent,  but  dis- 
solved in  30 
per  cent  with 
heat. 


per  cent  solution  dis- 
solves granules,  2-30 
per  cent  destroy  spi- 
rochaeta, axial  fila- 
ment most  resistant. 
Treatment  with  abso- 
lute alcohol  acceler- 
ates the  dissolving 
power  of  KOH. 

per  cent  solution  :  no 
effect  on  plasma,  dis- 
solves  granules. 


As  will  be  noticed  in  Table  I,  certain  reagents  demonstrate  tbe  existence  of 
a  resistant  membrane  in  Cristis])ira.  a  trypsin  resistant  axial  tilament  in  Spiro- 
chaeta, and  a  shadowy  sheath  (?j  as  well  as  an  axial  spiral  filanient  in  Spiro- 
nema  and  Treponema.  As  in  the  case  of  Spirochaeta,  no  true  dissolution  of 
Spironcina  (both  gallinarum  and  recurrentis)  or  Treponema  was  etiectcd  by  tbe 
saponin,  but  after  several  hours'  contact  they  were  shrivelled  and  broken  up  into 
irregular  pieces. 

Resistance  to  Disinfectant  and  Chemotherapeutic  Agents. — Attempts  to  de- 
termine the  resistance  of  various  "spirochsetes"  arc  not  lacking,  but  no  satistac- 
tory  and  accurate  results  were  to  be  expected  from  the  e\])erinieiiis  in  which 
their  death  ])oint  had  to  be  deterniini'd  tlirongh  the  intermediary  ol  susi-eptible 
animals.  Since  the  successful  cultivation  of  different  "s[)iroch;etes"  has  1  een  el- 
fected,  it  has  become  possible  to  determine  the  effect  of  different  rbemical>.  The 
following  chart  shows  a  summary  of  tlie  results  obtained  in  tun  indepeiKknt 
series  of  ex])eriments  1)\'  the  use  of  common  di^iii  fi-claiits. 
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Resistance  to  Chemicals. 
Af  37°  C. 

Lugol  kills  in  1  :3  dil. ;  1 :5-l  :10  in  15  min.  ;  1  ;50  not  in  1  hour. 

Bichloride  of  mercury  kills  in       1:5,000  dil;   1:10,000  in   15   min.;    1:50,000  in  30  min. 

1:100,000  not  in  1  hour. 
At   room    toiipcratiirc 

Phenol  kills  in  1  :200;  1  :1.000  in  30  min.;  1:5,000  not  in  1  hour. 

Lysol  kills  hi  1:1,000;   1:5.000  not  in  1  hour. 

Formalin  kills  in  1:200;   1:500  in  15  mm.;   1:1,000  not  in  1  hour. 


Potassium  permanganese  kills 


1  :1,000;  1  :5,000  in  15  min. ;  1 :10,000  not  in  1  hour. 


Turning  our  attention  to  the  chemotherapeutic  agents  it  is  scarcely  neces- 
sary to  remark  that,  thanks  to  the  pioneer  work  of  Ehrhch  and  his  collaborators, 
especially  to  his  contribution  to  our  chemical  treatment  of  spironematoses  and 
trypanosomiases,  a  new  field  of  scientific  research  has  been  inaugurated.  Thus 
Morgenroth  initiated  a  chemotherapy  for  bacterial  diseases  by  discovering  va- 
rious quinin  derivatives  as  a  specific  for  pneumococcus.  Flexner  and  Clark, 
with  the  collaboration  of  Jacobs  and  Heidelberger,^-'^  made  an  extensive  series 
of  experiments  in  order  to  discover  an  effective  chemical  compound  to  combat 
poliomyelitis,  wherein  they  obtained  some  encouraging  results.  In  their  early 
work  they  had  employed  numerous  new  derivatives  of  urotropin  (hexamethyle- 
netetramine )  as  this  substance  was  known  to  penetrate  into  the  intrathecal  space. 
The  work  has  since  been  extended  to  various  bacterial  infections^-*'  ^-^'  ^-*''  ^^^ 
as  w'ell  as  trj'panosomiasis  and  spironematosis  (Brown  and  Pearce)  with  the  use 
of  additional  new  arsenic  and  mercurial  compounds.  While  I  do  not  wash  to  as- 
sert that  the  therapeutic  effect  of  a  chemical  compound  has  any  direct  relation 
to  the  latter's  disinfecting  or  sterilizing  power  against  the  causative  agent  in  vitro, 
'it  was  nevertheless  thought  of  interest  to  find  out  how  these  new  compounds, 
including  various  derivatives  of  urotropin,  arsenic,  and  mercury,  would  behave 
in  relation  to  the  various  species  of  Spironema  and  Treponema  in  cultures. 

It  is  a  well  known  fact  that  atoxyl,  arsacetin  or  arsenophenolglycin,  and  even 
salvarsan,  attack  the  trypanosomes  and  spironemata  only  after  being  introduced 
into  the  body,  where  they  undergo  reduction  and  produce  a  highly  parasitotropic 
component.  Yet.  as  will  be  shown  in  the  following  table,  salvarsan  is  by  no 
means  inactive  /'//  vitro  against  T.  pallidum.  It  is  a  fairly  powerful  treponemi- 
cide.  H-ence  it  is  not  without  interest  to  study  these  compounds  in  zntro  and 
then,  when  completed,  compare  the  results  with  their  therapeutic  effects  in  vivo. 
The  test  tube  determination  of  the  germicidal  property  of  these  substances  should 
form  a  part  of  our  knowledge  in  perfecting  chemotherapy.  With  the  cooperation 
of  Dr.  Jacobs,  who  is  in  charge  of  the  preparation  of  chemotherapeutic  agents 
at  the  Rockefeller  Institute,  the  following  compounds  were  tested  on  cultivated 
strains  of  T.  pallidum  in  vitro  with  the  results  indicated  in  the  tables.  A  fuller 
report  will  be  made  later  by  Dr.  Akatsu. 
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Table  II. 


No. 


Preparation. 


Concentration  j  Concentration 

sufficient  !       which  no 

to  kill  !     longer  kills 
T.  pallidum.        T.  pallidum. 


-hex . 


9.  /'-BromobenzNlhex.    chloride 

16.  o-Xylylenedi-hex.   chloride   

19.  2-Xitro-3,4-Dimetho.xybenzylhex.    chloride    

21.  l-(w-chlorobenzyl  ;-2-oxy-3-naphthoic   methyl   ester) 

28.  5-Chloromethylvanillin-)-hex 

29.  5-Chloromethylsalicylic    acid-j-he.x 

-10.  /'-iodobenzylbromide+hex 

46.  ci-nitrobenzylchloride-)-hex 

47.  /'-nitrobenzylhex.  chloride 

50.  Methylhex.    iodide 

84.  Chloroacetamide+hex 

86.  Oxymethylchloroacetamide-)-hex 

90a.  Ethyl    broinoacetate+hex 

96.  Chloroacetylaniline+hex 

97.  /3-acetoxy-a-chloroacelylnaphthobenzy!amine{-hcx.   . 

102.  Chloroacetyl-a-naphthylamine-|-hex 

107.  Chloroacetylbenzylamine-|-hex 

109.  Chloroacetyl-/3-naphthylamine+hex 

HI.  o-AIethylchloroacetylbenzylamine+hex 

112.  Chloroacetyl-/'-aminobenzoic  eth\l  e?ter-j-bex 

114.  Chloroacetylurea+hex 

121.  Phenoxyethylhex.  bromide    

122.  /)-Bromochloroacetylaniline-|-hex 

126.  Chloroacetylaminoazotoluene-|-hex 

134.  Chloroacetyl-/'-anisidine+hex 

138.  Chloroacetylphenylhydrazine+hex 

142.  Chloroacetothylamide+hex 

146.  Menthyl  bromoacetate+hex 

147.  Bromoethylphthalimide-|-hex 

148.  /)-nitrobenzoic   bromoethyl   ester-(-hex 

150.  Bromoethyl  benzoate+hex 

158.  /3-Iodopropionyl-o-ani?idine-|-hex 

163.  /'-ethoxyphenyl  bromomethyl  ketone+hex 

164.  Chloroacetyl-/'-cumidine+hex 

168.  /'-Acetamino-"'-bromoacetophenone-|-he-x 

171.  m-Chloroacetylaminomethylbenzamide+hex 

172.  m-Chloroacetyl-a,    a,-phenylbenzylliydrazine-f-hex 

174.  Chloroacetyl-aminoethyl    anisate+hex 

204.  3-(^  Bromoacetyl)    quinaldine-j-hex 

218.  Tribromo-/'-cresyl   bromoethyl   ether-|-hex 

219.  Chloroacetyl-p-aminoleucomolachite   green+hex.* 

229.  Chloroacetyl-/'-aminobenzeneazo-p'-dimcthylaniline  +  hex.* 

232.  /'-Chloroacctylaminobcnzeneazo-p'-dictliylaniline+hex.     .  .  . 

234.  a-naphthyl  bromoethyl  cthcr-|-hcx 

239.  «-.\cctaminoi)lienyl   bromoctliyl   ether-f hex 

242.  /'-chloroacetyiaminodictliylaniline+hex 

244.  Hex.-(-chloroacctylaminocthyl    /'-nitrobcnzoatc 

249.  Chloroacctyl-/'-aminodipropylanilinc  +  liex.*     

252.  Chloroacetyl-/'-aminotetractliyl-p',     ])",  -  diamiiiolrijihcnyl- 

methanc-f-hex 

253.  Ciiloroacethyldictliylaininc+hex 

255.  /)-Cyanobcnzylhcx.    chloride 

257.         Chloroacctyl-o-aminoplicnyl    bcnzoate+hex 

261.  Chloroacetyltriplicnylmetiiyhimine-f-hex 

262.  Cldoroacetylleuci)auramiiie-}-hcx.     (*?) 

263.  Chloroacetylaminocthyl    o-nitrobcnzoate+hcx 

267.         Chloroacetylaminocthyl    /:i-naphtlioatc-|-hex 

271.  Chloroacetyl-N-plic''i.vlaminoctiiyl-/'-nitrobcnzoate-|-  hex.     .  . 

272.  )»-Acetamino-/'-t()lyl    w-indoethyl    ketone  +  hex 

273.  Cidoroacetylethylaminoethyl     /'-nitrobenzoate  +  hex 

278.         a.    fi-\  )iphen\lcldoroacctvlamiiio-ethaiiol-|-licx 


1 :  1,000            1 : 

2,500 

1 :  2,500            1 : 

5,000 

1 :  2,500           1 : 

5,000 

1 :  2,500            1 : 

5,000 

1 :  750               1 : 

1,000 

1 :  2,500           1 : 

1,500 

1 :  750               1 : 

1,000 

1 :  250               1 : 

500 

1 :  750              1 : 

1,000 

1 :  100               1 

250 

1  :  1,000            1  : 

2,500 

1 :  250               1 : 

500 

1  :  1,000            1 : 

2,500 

1  :  1,000            1 : 

2,500 

1 :  1,000            1 : 

2,50U 

1 :  500          1     1 

750 

1 :  500         '     1 

750 

1 :  1,000           1 

2,500 

1 :  2,500            1 

5,000 

1 :  1.000            1 

2,500 

1 :  1,000           1 

2,500 

1 : 250              1 

500 

1 :  2,500           1 

5.000 

1 :  250              1 

500 

1 :  2,500           1 

5,000 

1:750         '     1 

1,000 

1 :  1,000       1     1 

2,500 

1 :  750              1 

1,000 

1 :  1,000           1 

2,500 

1 :  250         :     1 

500 

1 :  500          1     1 

750 

1 :  1.000       '     1 

5,000 

1 :  500               1 

750 

1 :  2,500           1 

5,000 

1:750          ,     1 

1,000 

1 :  1,000       1     1 

2,500 

1 :  2.5C0           1 

5.000 

1 :  500              1 

750 

1 :  2.500           1 

5,000 

1 :  2.500       1     1 

5,000 

1 :  5,000       1     1 

7.500 

1  :  500          i     1 

750 

1  :  1,000            ^. 

:  2.500 

1 :  500              1 

750 

1:1.000           1 

2.500 

1  :  1.000           1 

2.500 

1  :  2.. 500           1 

:  5,000 

1  :  500              1 

:750 

1  :  i.oon         1 

:  2,500 

1:  1.000            1 

:  2,500 

1  :  1.000            1 

:  2,500 

1  :  1.000            1 

:  2,. =^00 

1  :  1,000            1 

:  2,.=^0() 

1  :  1.000            1 

:  2.5W 

1  :  1,000            1 

:  2.500 

1  :  2,.500            1 

5.000 

1  :  1,000            1 

2..S00 

1  :  5.000            1 

:  7.500 

1  :  1  000            1 

:  2,500 

1 : 250               1 

:  500 
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Table  II.— (Cont'd) 


Concentration 

Concentration 

sufficient 

which  no 

Xo. 

Preparation. 

to  kill 

longer  kills 

T.  pallidum. 

T.  pallidum. 

280.         Chloroacetyl-;n-aminoacetophenone+hex 

282.  a-Phenyl-a-oxy-/3-chloroacetylaminoethane-|-liex 

283.  /"-nitrobenzoylaminoisopropyl  chloroacetate-j-hex 

288.  lodopropanol+hex 

289.  2-Chloroacetylamino-3-oxy-3-methylbutane4-hex 

291.         ChloroaceUl-o-methylphenoxyethylamine-l-hex 

293.         ChloroacetyI-/3-amino-(!s'-butanol+hex 

298.         /3-Plienyl-/3-oxy-^-chloroacetylaminopropane-|-hex 

301.         /3-Xaphthyl  bromethyl  ether+hex 

303.         2-oxy-3,  5-dibromobenzyl  bromide  (-|-?)+hex 

308.  Chloroacetyl-;H-iodoaniline-)-hex 

309.  Chloroacetyl-5-iodo-ci-toluidine-)-hex 

Ml.         (4-[poxybenzeneazo]-phenylmercuric  acetate) 

M4.         [oloxybenzylideneaminol    phenylmercuric  acetate-]- 

M7.  l-Amino-2-  [p-naphthaletieazophenylmercuric  acetate] -5-sul- 

fonic   acid    


1,000 

.< 

2,500 

1,000 

2,500 

500 

1 

750 

500 

1 

750 

2,500 

5,000 

1,000 

2.500 

250 

500 

1,000 

2,500 

1,000 

2,500 

1,000 

2,500t 

750 

1,000 

750 

1,000 

50,000 

75,000 

50,000 

75,000 

1 :  25.000     !     1 :  50,000 


Hex.  =  Hexamethylenetetramine. 

*  =  Grind   up   in   a   mortar   with   a  little   water  and   add   N/10   IICI   carefully    until   dissolved. 
t=Treat  as  above,  using  N/10  NaOH  instead  of  HCl. 


Table  III 


Names    of   substances 


Concentration 

sufficient 

to  kill 

T.  pallidum. 


Concentration 

in  which 

T.  pallidum 

survived. 


Phenol  . . 
Formalin 
Lysol  . . . 
Sublimate 
Salvarsan 

Neosalvarsan    i 

Atoxyl 

Sodium  iodide    i 

Potassium  iodide  \ 

Lugol's  solution   1 

lodox.  benz.   acid i 

Trypozofrol     \ 

Nectrypozofrol   \ 

Sodium  cholale    i 

Sodium  glycocholate    1 

Sodium  taurocholate    1 

Sodium  olcinicum   1 

Saponin    1 

Cholesterin    Xo  action 

Cobra  lecithid 1  :  1,000 

Cobra  venom    1 :  1,000 


25 
25 
100 
1,000 
50,000 
1,000 
7,500 
5,000 
5.000 
50,000 
100,000 
No  action 
1 :  5,000 
1 :  5,000 


Table  IV 


Preparation    Ml. 

Preparation    Xo.    253. 

I 

1 

25,000 

1 
^,000 

1 
1,000 

1 

10,000 

2,500 

T.  pallidum,  heavy  type.  . .  . 

T.  palHdum,  thin  type 

T.    calligvrum    

— 

1     1     1     I  +  I 

+ 

+ 
+ 
+ 
+ 

— 

+ 
+ 
+ 
+ 
+ 
+ 

T.  mucosum   

T.  microdentium   

S    refringens   . .          
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Table  II  gives  a  general  survey  of  these  compounds,  while  Table  III  puts 
down  the  strengths  of  various  well  known  disinfectants  and  chemicals  for  the 
sake  of  comparison.  Table  IV  gives  the  resistance  of  several  culture  strains  of 
pallidum  and  other  allied  species  to  the  action  of  two  different  new  compounds. 

As  brieHy  mentioned  the  spironemicidal  (or  treponemicidal)  power  of  sal- 
varsan  and  neosalvarsan  is  alleged  to  increase  considerably  wdien  introduced  into 
the  living  body.  In  a  series  of  experiments,'^'-"-  it  was  found  that  by  allowing  a 
sterile  extract  of  freshly  removed  rabbit's  liver  or  defibrinated  blood  of  the  same 
animal  to  act  upon  neosalvarsan  for  three  hours  at  37° C.  the  germicidal  power 
of  this  drug  increased  from  1 : 1,000  to  1  :2,000  in  the  case  of  the  liver  extract, 
and  from  1  : 1.000  to  1  :5,000  in  the  case  of  the  blood.  The  addition  of  boiled  ex- 
tract had  no  such  activating  effect. 

Acquisition  of  Increased  Resistance  to  Drugs. — It  will  be  recalled  here  that 
the  failure  of  chemotherapy  in  trypanosomiasis  in  man  and  animal  is  partly  due 
to  the  production  of  so-called  drug-fast  strains  of  various  trypanosomes  after  the 
latter  have  on  several  occasions  been  subjected  to  the  action  of  certain  arsenic 
compounds.  These  organisms  will  be  destroyed  to  a  great  extent  by  the  first 
injection  of  the  drugs,  but  if  there  remain  a  few  which  have  resisted  the  first 
medication,  they  will  multiply  and  the  animal  will  once  more  be  infested  with  the 
organisms.  The  offspring  is  more  resistant  to  the  action  of  the  same  drug  than 
the  preceding  generation.  A  large  dose  of  the  medicament  is  necessary  to  destroy 
the  organisms  and  to  overcome  this  increased  resistance.  But  as  a  matter  of 
fact,  the  increased  resistance  of  the  organism  to  the  drug  is  relatively  much 
greater  than  that  of  the  infected  hosts  and  the  limit  will  soon  be  reached  beyond 
which  the  quantity  of  the  drug  cannot  be  further  increased  without  seriously 
afifecting  the  infected  man  or  animal. 

Experiments  of  this  nature  have  been  made  with  atoxyl,  arsacetin,  arseno- 
phenylglycin,  etc.  To  employ  Ehrlich's  terms,  the  organotropic  affinities  of  these 
drugs  were  so  close  to  the  parasitotropic,  that  it  was  impossible  to  employ  a 
sufficient  quantity  to  completely  sterilize  the  infected  body,  since  the  administra- 
tion of  such  a  quantity  would  mean  death  or  the  serious  impairment  of  some  of 
the  functions.  Ehrliclrs  conception  of  a  specific  chemotherai)y  was  l)ased  upon 
the  fact  that  different  cell  groups  are  provided  with  their  characteristic  receptor 
apparatus  (chemoceptor),  to  which  a  given  chemical  molecule  attaches  l)y  means 
"t  its  side  chains.  Thus,  for  trypanosomes  there  are  certain  receptors  which 
will  fit  in  with  a  certain  atom  complex  of  atoxyl,  arsacetin,  etc.,  while  of  the 
inleclc'l  hosts  the  organs  show  much  less  affinity  for  them.  In  developing  chemo- 
therai)y  for  syphilis,  I^hrlich  linalh'  e\-ol\-ed  a  C()m])(iun(l  in  which  the  spirone- 
matropic  atom  complexes  were  far  more  in  excess  than  the  organotropic  groups. 
This  compouncl,  as  is  universally  known,  is  dioxydiamidoarsenobenzol,  better 
known  as  sahnrsan.  According  to  Hata^-^  the  ratio  of  the  dosis  curati\a  and 
dosis  tolerata  f)f  this  compound  is  1  :3  for  mice  and  rats  infected  w  ith  Spirduenia 
recurrenlis,  and  1  :5S  for  chickens  with  S.  (jallinaruin,  while  in  the  case  of  experi- 
mental ch.'i.ncre  in  rabbits  it  is  between  1  :7-l  :1().  In  these  animals  Ehrlich's 
Tlicrapia  stcrilisaiis  tnaijiia  was  achieved  as  al'^o  in  ca-^cs  of  relapsing  fevers  in 
man.     In  human  syphilis,  however,  in  spite  of  the  mo^l  powerful  spironemicidal 
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action,  his  original  aim  to  sterilize  ihe  syphilitic  body  with  a  single  injection  of  a 
large  dose  was  not  uniformly  attained. 

Yet  there  is  no  doubt  that  a  prompt  administration  of  salvarsan  in  a  suffi- 
cient dose  during  the  early  stage  of  infection  sterilized  the  patients,  as  was 
evidenced  by  the  increased  instances  of  permanent  abortion  of  the  infection  and 
of  reinfection  after  the  salvarsan  treatment.  On  the  other  hand,  we  are  also 
confronted  with  repeated  recidives  in  certain  patients.  We  often  hear  of  mer- 
cury-resistant as  well  as  salvarsan-refractory  cases.  It  has  been  known  for 
some  time  that  Spiroiicina  recurrcntis  as  well  as  Spiroiicnia  duitoni  produces  an 
arsenic-fast  strain  in  mice  or  rats  when  the  latter  are  treated  with  atoxyl,  arsace- 
tin,  etc.  In  this  respect  these  spironemata  resemble  trypanosomes.  Marks^-^ 
once  considerably  raised  the  resistance  of  a  bacteria  to  arsenious  acid  by  allow- 
ing it  to  gradually  accustom,  itself  to  the  action  of  this  chemical  in  test  tube 
cultures.  It.  therefore,  seems  not  at  all  improbable  that  Spironema  as  well  as 
Treponema  become  more  resistant  to  the  parasitotropic  effect  of  arsenic  com- 
pounds and  possibly  of  mercurial  salts,  not  only  in  vvvo,  but  ///  vitro.  Akatsu 
carried  out  a  number  of  experiments  in  my  laboratory  in  which  he  has  ap- 
parently succeeded  in  raising  to  many  times  their  original  degree  the  resistance 
of  the  Treponema  group  to  salvarsan.  neosalvarsan,  and  bichloride  of  mercury. 
The  experiments  were  carried  out  with  cultures  of  these  organisms,  the  general 
plan  being  to  cultivate  the  organisms  in  media  containing  these  substances  in  a 
concentration  just  short  of  that  required  to  suppress  the  growth  completely,  and 
to  make  subcultures  from  it  into  new  m.edia  containing  somewhat  greater  quan- 
tities of  the  chemicals  than  the  preceding  series.  In  the  present  experiments 
fluid  cultures  consisting  of  ascitic  fluid  and  a  piece  of  fresh  rabbit's  kidney  cov- 
ered with  a  layer  of  liquid  paraffin  were  employed.  Subcultures  from  one  medi- 
cated culture  to  another  were  made  at  two  weeks'  intervals,  during  which  time  the 
general  condition  of  the  cultures  could  be  estimated.  As  mentioned  above,  sub- 
cultures are  made  from  tubes  still  showing  numerous  actively  motile  organisms. 
It  is  difficult  to  carry  on  the  culture  if  one  attempts  to  make  a  subculture  in  which 
too  much  medicament  is  present  to  give  a  fairly  good  growth,  since  no  growth 
will  be  obtained  in  a  subculture  which  has  been  inoculated  with  a  poor  culture 
arrested  in  its  development  by  an  excess  of  the  drugs. 

In  order  to  suppress  the  growth  of  various  treponemata  which  had  not 
previously  been  in  contact  with  these  compounds,  the  following  doses  were  found 
necessary  in  a  total  volume  of  5  c.c.  of  the  culture  medium.  The  solutions  of 
salvarsan  and  neosalvarsan  were  1 :  10,000  dilution  in  water,  and  bichloride  of 
mercury  1  : 1,000  dilution.     Salvarsan  was  neutralized  with  NaOH,  as  usual. 


SALVARSAN. 

ne;os.\lvarsan. 

Hgcl^. 

Refringens 

0.4       c.c. 

O.G  c.c. 

0.02  c.c. 

Pallidum   (two  strains) 

0.375  c.c. 

0.5  c.c. 

0.02  c.c. 

Microdentium 

0.2      c.c. 

0.3  c.c. 

0.02  c.c. 

It  will  be  seen  from  the  charts  that  the  resistance  of  different  species  of  Tre- 
ponema and  also  of  different  strains  of  the  same  species  (T.  pallidum)  seemed  to 
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1.0 


0.8 


0.6 


0.4 


0,2 
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MJ,.D  FOR  EALLIDUM 

MID. FOR  R^FRINGfcNS 

^— -^ " 

ML.D.FOIiMICRpWOTlUM 

T    pallidum,  striiin  a. 
T   pallidum,  straio  b. 


^    T   microdentium. 


S.  rcfringens. 


NOV  12  NOV  £6  DLC.ll  DEC.  27         JW.9 

1:10,000  dilution  of  salvarsan  in  5  cc.   of  rnediuin. 


1.3 
1  ? 

: 

-    1 

09 

^--^^ 
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^^^ 

^^ 
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— — — 

.^      ^^-rr^*^ 

0  5 

^^^^^^^P 

^P 

0 

^^^^^B 

///// 

^8 

T   pallidum,  strain  <i. 

S   refringcns. 
T   pallidum,  6. 
T   microdentium 
T   pallidum,  c 


N0V12  N0VX6  DEC.ll  DEC.^7  JAN.l 

1:10,000   dilution    of   neosalvarsan    in    5    cc.    of  medium. 


T   pallidum. 


.S   rcfringcns. 


T  microdi-ntium. 


SLPl'V        StPT2)  0CI6  OaT.25.  NOVU  NOV  24  DLCU         DIX.25 


1:1000  ililiilicin   of  liiclilnridc   of  nicrrnry   in   .'i  cc   of  medium. 
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increase  gradually  until  at  the  end  of  ten  weeks  (five  transfers),  they  were  still 
able  to  grow  very  well  in  a  medium  which  contained  several  (2  to  3.5)  times 
the  quantity  of  the  arsenic  compounds  originally  sufficient  to  restrain  their 
growth  completely.  In  case  of  bichloride  of  mercury  the  increased  rate  of 
tolerance  was  still  more  striking  within  a  certain  limit  of  concentration,  but  there 
was  no  further  increase  in  resistance  when  the  medium  contained  more  than 
0.5  c.c.  of  the  1 :1000  dilution  of  this  salt.  The  tissues  which  usually  remain 
fleshy  pink  in  color  for  several  days  became  quickly  discolored  and  a  dirty  grayish 
black  when  mixed  with  the  above  concentration  of  HgCL. 

The  question  of  the  duration  of  the  acquired  resistance  to  the  drugs  has 
not  yet  been  studied  a  sufficiently  long  time  to  draw  any  conclusions,  but  the 
resistance  has  remained  unmodified  for  at  least  three  generations.  It  may  be 
mentioned  that  Sp'ironcma  recurrciifis  was  carried  through  two  generations  in 
mice  without  undergoing  any  change  in  its  acquired  drug  fastness. 
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THE  EFFECT  OF  CERTAIN  DRUGS  UPON  SKIN  REACTIONS=^ 


By  John  A.  Kolmer,  M.D.,  vSamukl  L.  Immermax,  AI.D., 
ToiTsu  Matsuxami,  M.D.,  axd  Charles  M.  AIoxtgomery,  AI.D. 


THAT  the  oral  administration  of  certain  drugs  may  influence  skin  reactions  to 
the  extent  of  increasing  their  degree  and  severity  or  producing  well  marked 
papular  or  pustular  reactions  in  the  skins  of  persons  who  did  not  react  to  these 
injections  in  preliminar\-  tests,  has  not  been  generally  recognized  until  recently. 

Amberg  and  Knox^  found  that  the  intravenous  administration  of  neutral 
sodium  ortho-iodoxybenzoate  and  sodium  iodosobenzoate  inhibited  the  develop- 
ment of  reactions  following  the  intracutaneous  injection  of  serum  in  sensitized 
rabbits ;  sodium  iodbenzoate  and  sodium  benzoate  in  equal  molecular  concentra- 
tions had  no  inhibitor}-  effect  on  the  local  reaction.  The  authors  believed  that  the 
inhibitory  influence  of  these  drugs  was  attributable  to  their  effect  on  oxidative 
processes.  Opposite  results  have  been  reported  more  recently  by  Sherrick,-  who 
found  that  the  administration  of  potassium  iodide  either  simultaneously,  or  shortly 
before  or  after  the  intracutaneous  injection  of  luetin  and  agar,  resulted  in  the 
production  of  pustular  or  nodular  reactions  in  healthy  nonsyphilitic  persons. 
Kolmer,  Matsunami,  and  Broadwell'^  confirmed  these  obsen-ations  among  healthy 
nonsyphilitic  persons,  persons  sick  with  diseases  other  than  syphilis  and  normal 
rabbits  and  guinea  pigs.  The  oral  administration  of  potassium  iodide  may  cause 
the  site  of  a  former  intracutaneous  injection  of  luetin  or  agar  to  "light  up"  and 
present  well  defined  inflammatory  changes  sometimes  leading  to  pustulation  as 
pointed  out  by  Sherrick;  we  also  found  that  a  purer  form  of  luetin  prepared  of 
washed  spirochetes  and  free  of  all  culture  media,  was  influenced  in  a  much  lesser 
degree   by   potassium   iodide. 

Our  studies  have  been  continued  to  determine  the  influence  of  iodides,  bro- 
mides, chlorides,  ether  and  chloroform  upon  cutaneous,  intracutaneous,  and  con- 
junctival tests;  also  upon  the  mechanism  of  the  influence  of  drugs  upon  skin 
reactions. 

The  above  mentioned  drugs  were  selected  on  the  basis  of  the  investigations 
of  Jobling  and  Petersen*  who  claim  that  the  proteolytic  ferments  of  the  blood 
serum  are  held  in  check  by  anti ferment  in  the  nature  of  unsaturated  fatty  acid 
radicals  and  that  the  latter  may  be  removed  by  saturation  with  iodine;  also  that 
other  halogens  and  ether  and  chloroform  may  remove  the  anti  ferment  from 
serum  in  viiro  and  increase  tryplic  activity."'  It  is  jiossible  that  these  (lrug<  may 
influence  the  local  skin  reactions  in  this  manner;  that  is,  b\-  increasing  tryptic 
activity  and  the  production  of  proteotoxins  responsible  for  the  lesion.  Further- 
more we  were  influenced  in  selecting  the  iodides  and  bromides  in  tins  study  on  the 
basis  of  abundant  clinical  evidence  to  the  eftect  that  their  prolonged  administra- 
tion may  result  in  the  de\elopnient  of  ])apular  and  pustular  eruptions  in  the  skin. 

*Froni    the    McMaiKS    I.alunatoiy    of    ICxpt  riiiuiilal     I'alliolony    of    llic     I'mvcrsily    of    IV'imsylvaiiin, 
Philadelphia,  Pa. 
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METHOD  OF  STUDY. 

Three  intracutaneous  tests  were  conducted,  (1)  with  a  luetin  prepared  after 
the  method  of  Noguchi  and  so  diluted  with  sterile  salt  solution  that  the  proper 
dose  was  contained  in  0.1  c.c. ;  (2)  with  an  emulsion  of  washed  B.  prodigiosis, 
resuspended  in  sterile  salt  solution  so  that  each  cubic  centimeter  contained  about 
two  billion  bacilli,  heated  at  60°  C.  for  one  hour,  preserved  with  0.2  per  cent  tri- 
cresol and  injected  in  dose  of  0.1  c.c.  This  preparation  has  been  designated 
"prodigiosin ;"  (3)  with  a  1  :10,000  dilution  of  Koch's  old  tuberculin  injected  in 


rig.   I. — Dr.  J.  A.  K. ;  iuti-acutaucous  and  cutaneous  reactions  before  the  administration  of  potassium  iodide. 


amount  of  0.1  c.c.  Many  of  the  reactions  following  the  injection  of  this  amount 
of  tuberculin  were  quite  severe,  so  that  in  a  number  of  tests  the  amount  injected 
was  reduced  to  0.05  c.c. 

The  cutaneous  and  conjunctival  tests  were  conducted  with  undiluted  and 
diluted  Koch's  old  tuberculin. 

Preliminary  skin  tests  were  made  among  adult  persons  who  either  volun- 
teered or  gave  consent,  and  the  reactions  carefully  measured  and  recorded  forty- 
eight  hours  later.    Wassermann  reactions  were  made  with  the  sera  of  all  persons 
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receiving  the  intracutaneous  luetin  and  prodigosin  tests  and  with  three  different 
antigens ;  namely,  a  cholesterinized  alcoholic  extract  of  human  heart,  and  alco- 
holic extract  of  syphilitic  liver  and  an  extract  of  acetone  insoluble  lipoids  of  beef 
heart. 

The  majority  of  persons  were  \\'assermann  negative  with  all  antigens  ;  in 
many  persons,  as  laboratory  assistants,  medical  students,  and  the  authors,  syph- 
ilis could  be  excluded  with  considerable  certainty.  A  number  of  Wassermann 
positive  and  syphilitic  persons  and  persons  yielding  positive  tuberculin  reactions 


Fig.  2.— Dr.  J.   A.  K. 


ilracutaneoiis  and  ciilancuus   reactions   after   tlic  oral  administration   of  50  grains  of 
l)Otassiuni   iodide. 


were  purposely  included,  in  order  to  determine  the  influence  of  the  <lrugs  under 
study  upon  cutaneous  and  intracutaneous  anaphylactic  reactions.* 

The  drugs  were  administered  by  mouth  in  d'ose  of  10  grains  two  or  three 
times  a  day  for  a  period  of  three  days.  On  the  fourth  day  the  skin  tests  were 
repeated  with  the  same  materials  and  in  exactly  the  same  manner,  the  reactions 
being  measured  and  recorded  forty-eight  htjurs  later. 

*Wc  are  indebted  to  Dr.  J.  .'\IIc  n  Jackson,  Chief  Resident  Physician  in  the  Department  for  the  In- 
sane, Philadelphia  General  Ilosiiital,  for  cooperation  and  clinical  facilities  afforded  lis  in  the  study  of  these 
cases. 
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The  majority  of  persons  were  kept  under  observation  for  a  period  of  ten 
days  or  longer  to  note  the  retarded  efit'ect,  if  any,  of  the  drugs  upon  the  first  and 
second  sets  of  skin  tests. 

As  a  general  rule  the  luetin  and  prodigiosin  tests  were  conducted  together  in 
all  persons,  the  preliminary  tests  being  made  in  the  skin  of  the  left  arm  and  the 
second  tests,  in  the  skin  of  the  right  arm. 

Both  the  luetin  and  prodigiosin  produced  reactions  in  the  majority  of  per- 
sons in  the  preliminary  tests.     As  a  general  rule  the   former  yielded  a  slight 


Fig.  3. — Mr.  W.  G.;   intracutaneous  and  cutaneous  reactions  before  the  administration   of  potassium  bromide. 

reaction  with  an  area  of  erythema  measuring  five  millimeters  or  thereabouts  and 
very  slight  edema ;  the  prodigiosin  reactions  were  more  marked.  In  determining 
whether  or  not  a  drug  had  produced  an  'cfifect  we  were  influenced  by  the  in- 
creased area  of  erythema,  the  greater  infiltration,  and  frequently  the  develop- 
ment of  a  pustule.  In  each  table  we  have  given  the  size  of  each  area  of  ery- 
thema and  an  interpretation  of  the  results.  Only  decided  differences  in  the  de- 
gree of  the  reactions  were  accepted  as  indicating  that  the  drug  imder  study  had 
increased  the  severitv  of  the  reactions. 
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RESULTS. 

1.  The  influence  of  potassium  and  sodium  iodide;  potassium  and  sodium 
bromide;  potassium  and  sodium  ammonium  chloride;  the  protiodidc  of  mercury 
and  ether  upon  the  luctin  and  prodigiosin  reactions  among  Wassermann  negative 
persons. — The  influence  of  these  drugs  administered  in  dose  of  10  grains  two 
or  three  times  a  day  for  a  period  of  three  days,  upon  the  two  intracutaneous  tests 
are  shown  in  Tables  I  to  VI.  The  protiodide  of  mercury  was  included  in  the 
series  by  reason  of  its  wide  use  in  the  treatment  of  syphilis  and  because  the 


Fig.  4. — Mr.  \V.  G. ;   intracutaneou.s  and  cutanenus  rc-utidii'^  after  tlie  ailniiui.slialiuii  of  60  grains  of 

potassinni  liruniiiU-. 

luetin  reaction  may  be  em])loyed  by  the  clinician  while  a  patient  is  taking  the 
drug.  The  results  recorded  in  Table  VTT  were  obserxed  after  the  administration 
of  j4  grain  four  times  a  day  fnr  a  period  of  lliree  days. 

The  influence  of  ether  was  studied  ])\-  appKiii^'  the  tests  before  and  after 
anesthesia  for  surgical  operations,  'i'lie  amounts  of  ether  used  in  the  in(li\idual 
cases  and  the  results  observed  are  shown  in  Table  VI 1 1. 
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TABLE  I 


The  Influence  of  Pot.^ssium  Iodide  upon  the  Luetin  .vnd  Prodigiosin  Intr.^i  tt.vneovs 

Re.\ctions 


LtETIN  RE.\(TTONS 

PRODIGIOSIN  RE.\(  TIONS 

X<). 

Before 

(cm.) 

.\fter 

(cm.) 

Before 

(cm.) 

After 
(cm.) 

1 

2 

0.6X0.5 
0.5X0.5 
0.6X0.6 
0.6X0.4 
0.7X0.7 
0.8X0.7 
0.6X0.6 

1.0X0.8 
1.0X0.8 
0.8X0.5 
1.0X0.5 
1.0X0.8 
1.5X1.0 
1.2X1.0 

0 
0 

0.8X0.8 
1.0X0.5 
0.7X0.4 
1.5X1.5 
1.5X1.5 

0 

0 

1   0X1   0 

4 

1.5X1.0 

5 

6 

2.5X2.0 
2.0X1.5 
1.5X1.5 

Results:     Luetin  reactions  influenced  in  Xos.  1,    2,   4   and   5;     prodigiosin   reactions    influenced 
in  Xos.  4,  5  and  6. 


TABLE  II 


The  Influence  of  Sodiu.m  Iodide  upon  the  Luetin  .\nu  Prodigiosin  Intr.\cut.\ne()us 

Re.\ctions 


luetin  re.\ctions 

prodigiosin  fe.\ctions 

Xo. 

Before 
(cm.) 

After 
(cm.) 

Before 

(cm.) 

After 

(cm.) 

1 

2 

3 

4 

1.0X1.0 
0.6X0.8 
0.6X0.6 
0.2X0.2 
0.5X0.5 
0.8X0.8 
0.4X0.4 
0.5X0.5 
0.8X0.5 

1.0X1.0 
1.0X1.0 
1.0X0.8 
0.2X0.2 
0.5X0.5 
1.2X1.0 
0.6X0.5 
0.8X1.0 
0.7X1.2 

1.2X0.8 
0.8X0.6 
0.6X0.8 
0.6X0.4 
0.6X0.6 
1.0X1.0 
0.8X0.6 
1.5X1.0 
1.2X0.6 

2.0X1.5 
1.0X0.8 
1.0X0.8 
2  5X2  0 

5 

6 

7 

0.8X0.6 
1.0X1.0 
1   5X1   0 

8 

9 

1.2X1.5 
1.2X1.5 

Results:      Luetin  reactions  influenced  in  X'os.  2,  3,  6  and  S;  ))rofIigiosin  reactions  influenced  in 
Xos.  1,  2,  3,  4  and  7. 


TABLE  III 


The  Influence  of  Pot.^ssium  Bromide  upon  the  Luetin  and  Prodigiosin  Intr.\cut.\^neous 

Reactions 


luetin  reactions 

PRODIGIOSIN  reactions 

Xo. 

Before 
(cm.) 

After 

(cm.) 

Before 

(cm.) 

After 
(cm.) 

1 

2 

3 

4 

5 

6 

7 

0.6X0.3 
0.9X0.8 
1.0X0.7 
0.7X0.6 
0.8X0.8 
0.2X0.2 
0.5X0  5 
0.1X0.2 
0.6X0  5 

0.6X0.5 
1.0X1.0 
1.0X0.5 
0.5X0.5 
0.6X0.6 
0.6X0.6 
0.6X0.8 
0.8X0.6 
0.6X0.6 

0.6X0.4 
0.9X0.8 
0.8X0.5 
0.6X0.6 
0.9X0.6 

0 

0 
0.0X0.6 
0.5X0. 5 

1.0X0.8 
2.0X2.0 
2.5X2.0 
2.0X2.0 
1.0X1.0 

0 

0 

8 

9 

1.0X1.5 
0.5X0.5 

Results:      Luetin  reactions  influenced  in  Xos.  6  and  8;    prodigiosin  reactions  influenced  in  Xos. 
1,  2,  3,  4  and  8. 
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TABLE  IV 


The  Influence  of  Sodium  Bromide  upon  the  Luetin  .\nd  Prodigiosin  Intr.\cut.\xeous 

Reactions 


LUETIN  REACTIONS 

PPODIGIOSIN  PFACTIONS 

No. 

Before 

(cm.) 

After 

(cm.) 

Before 

(cm.) 

After 

(cm.) 

1 

2 

3 

0.3X0.3 
0.5X0.4 
0.9X0.6 
0.4X0.4 
0.8X0.5 
0.4X0.2 
0.4X0.3 

1.0X1.5 
0.5X0.5 
0.8X0.5 
0.8X0.5 
0.8X0.5 
0.5X0.3 
0.8X0.8 

0.4X0.8 
0.5X0.3 
0.8X0.5 
0.4X0.4 
1.0X1.0 
0.7X0.7 
0.8X0.6 

2.0X2.0 
1.0X0.8 
2.0X1.5 
2.0X2.0 
2.0X1.5 
0.9X0.8 
2.0X2.0 

4 

5 

6 

7 

Results:     Luetin  reactions  influenced  in  Xos.  1  and  7;    prodigiosin  reactions  influenced  in  Xos. 
1,  2,  3,  4,  5  and  7. 


TABLE  V 


Influence   of   Potassium   Chloride   upon  the   Luetin   and   Prodigiosin   Intracutaneous 

Reactions 


LUETIN    REACTIONS 

PRODIGIOSIN    REACTIONS 

No. 

Before 

(cm.) 

After 

(cm.) 

Before 

(cm.) 

After 

(cm.) 

1 

2 

3 

4. 

5 

6 

0.1X0.1 
1.0X0.4 
0.6X0.4 
0.5X0.5 
0.5X0.5 
0.6X0.6 
0.5X0.6 
0.5X0.5 
0.5X0.5 

0.5X0.5 
0.5X0.5 
0.6X0.5 
0.5X0.5 
0.5X0.5 
0.6X0.5 
0.5X0.5 
0.6X0.6 
0.5X0.5 

0.2X0.2 
0.6X0.5 
1.6X0.6 
1.2X0.2 
1.1X1.0 
0.6X0.4 

0 

0 
1.0X0.4 

1.0X1.0 
1.0X1.5 
1.5X1.0 
1.0X1.0 
1.0X1.0 
1.0X1.0 
0 

8 

9 

0 
1.0X1.4 

Results:      Luetin  reaction   influenced   in    Xo.    1;     proc 
and  4. 


ligiosin    reactions    influenced  in  Xos.   1,  2 


TABLE  \I 


Influence  of  Ammonium  Chloride  upon  the  Luetin  and  Prodigiosin  Intracutaneous 

Reactions 


luetin  reactions 

prodigiosin  reactions 

Xo. 

Before 

(cm.) 

After 

(cm.) 

Before 

(cm.) 

After 
(cm.) 

1 

0.5X0.5 
0.6X0.  5 
0.8X0.5 
0.6X0.  5 
0.7X0.6 
0.8X0.8 
0.5X0.4 
0.5X0.5 
0.5X0.5 
0.8X0.8 

0.5X0.5 
0.5X0.5 
0.5X0.5 
0.5X0.4 
0.5X0.5 
0.5X0.5 
0.6X0.8 
0.5X0.5 
0.4X0.4 
0.8X0.8 

0  .  ()  X  0  .  6 

0  .  (i  X  0  .  5 
0.4X0.4 
0.6X0.6 

1  .6X0.6 
1.0X0.6 
0  .  (i  X  0  . 5 
0.4X0.4 
1.2X1.0 
2.0X3.0 

1   0X1   0 

2 

0  (iXO  6 

3 

I  .OX  1  .0 

4 

0.7X0. 5 

5 

1  .0X0.6 

G 

1.0X1.0 

7 

1.0X1.0 

8..  . 

1  .0X1 .0 

9. 

1   5X1   8 

10 

2.5X3. 0 

Results:      Luetin  reactions  influenced  in  none;    prodigiosin  reactions  influenced  in  Xos.  1,  3,  7 

and   S. 
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TABLE   VII 


Influence  of  Photiodide  of  Mercury  upon  the  Luetin  and  Prodigiosin  Intracutaneous 

Reactions 

LUETIN   REACTIONS 

PRODIGIOSIN   REACTIONS 

No. 

Before 
(cm.) 

After 

(cm.) 

Before 

(cm.) 

After 
(cm.) 

1      

0.5X0.8 
0.1X0.2 
0.8X0.4 
0.8X0.5 
0.4X0.2 
0.6X0.8 

0.5X0.5 
0.4X0.8 
0.5X0.5 
0.5X0.8 
0.3X0.3 
0.6X0.6 

0.6X0.5 
1.0X1.0 
0.6X0.4 
0.8X0.8 
0.6X0.3 
0.5X0.5 

0.6X0.8 

2         

3.0X3.0 

3            

1.0X1.0 

4                 

0.8X0.8 

0.5X0.5 

6 

0.5X0.5 

Results:     Luetin  reaction  influenced  in  No.  2;    prodigiosin  reactions  influenced  in  Nos.  2  and  3. 


TABLE  VIII 

The  Effect  of  Ether  Anesthesia  upon  the  Luetin  and  Prodigiosin  Intracittaneous 

Reactions 


1 

2 

3 

4* 

5* 

3* 


amount  of  ether  used 


12  ounces. 

10  ounces. 
8  ounces. 

15  ounces. 
8  ounces. 

11  ounces. 

16  ounces. 


LUETIN   REACTIONS 


Before 

(cm.) 


0.5X0.5 
0.7X0.7 
0.7X0.7 
0.8X0.8 
1.3X1.0 
0.5X0.3 
0.5X0.5 


After 

(cm.) 


0.6X0.6 
0.6X0.6 
0.9X0.8 
0.8X0.8 
1.0X0.7 
0.5X0.5 
0.7X0.7 


proeigiosin  reactions 


Before 

(cm.) 


1.2X1.0 
1.5X1.0 
1.0X1.0 
1.0X0.8 
0.6X0.5 
1.0X0.6 
0.6X0.4 


After 

(cm.) 

1 

0X1 

0 

1 

2X1 

0 

1 

3X1 

0 

1 

0X1 

0 

0 

6X0 

4 

0 

7X0 

7 

0 

6X0 

5 

*  Patients  received   morphine  sulpliate,   gr.    1/4   and  atropine  sulphate,   gr.    1/100,   before  ether 
was  administered. 
Results:     Luetin  reactions  not  influenced;    prodigiosin  reactions  not  influenced. 


A  summary  of  the  results  is  shown  in  Table  IX,  which  gives  the  percentage 
of  reactions  apparently  influenced;  that  is,  rendered  more  extensive  (wider  ery- 
thema and  greater  infiltration),  by  the  various  drugs. 


TABLE  IX 


The  Effect  of  Drugs  upon  the  Intracutaneous  Luetin  and  Prodigiosin  Reactions 
Among  Wassermann  Negative  Persons 


drugs 

total 

percentage  of  reactions 
influenced  by  the  drug 

LUETIN 

PRODIGIOSIN 

Potassium  iodide 

7 
9 
6 
9 
7 
9 
10 
7 
3 

71 
44 
16 

22 

28 

10 

0 

0 

0 

60 

Sodium  iodide 

55 

Protiodide  of  mercury 

Potassium   bromide 

Sodium   bromide 

33 
55 
85 

Potassium  chloride . 

Ammonium  chloride 

Ether 

Nitrous  oxide 

33 

40 

0 

0 
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As  shown  in  the  tables,  certain  of  the  drugs  used  in  this  study  were  found 
to  influence  the  tests  by  increasing  the  inflammatory  reactions. 

a.  The  prodigiosin  reactions  were  generally  more  extensive  than  the  luetin 
reactions  and  were  more  readily  influenced  by  certain  of  the  drugs.  As  previous- 
ly stated,  we  have  found  that  the  reactions  produced  by  the  injection  of  0.4 
per  cent  agar-agar  were  more  readily  influenced  by  potassivim  iodide  than  !Tie 
luetin  reaction ;  also  that  the  reaction  producd  by  luetin  prepared  in  the  usual 
manner  was  more  readily  influenced  than  that  prepared  of  w^ashed  spirochetes 
and  free  of  the  culture  medium  (ascites  agar).  In  other  words  substances  most 
likely  to  excite  inflammatory  reactions  in  the  skin  appear  to  be  most  readily  in- 
fluenced by  the  iodides  and  to  some  extent  by  bromides. 

b.  The  iodides  and  particularly  the  potassium  salt,  seemed  to  exert  more  in- 
fluence than  the  other  compounds  used  in  this  study. 

c.  The  bromides  were  found  to  influence  these  reactions  and  particularly 
the  prodigiosin  reactions,  but  to  a  lesser  degree  than  the  iodides. 

d.  The  chlorides  were  found  to  be  practically  without  effect  upon  the  luetin 
reactions,  although  a  number  of  the  prodigiosin  reactions  appeared  to  be  influ- 
enced. 

c.  Nitrous  oxide  and  ether  by  inhalation  had  no  appreciable  influence  upon 
the  reactions. 

2.  The  effect  of  sodium  iodide;  potassium  and  sodium  bromide;  potassium  and 
ammonium  chloride;  ether  and  chloroform  upon  the  intracutaneous  luetin  and 
agar  reactions  in  rabbits. 

Preliminary  intracutaneous  tests  (abdominal  skin)  with  luetin  and  a  0.4  per 
cent  sterile  solution  of  agar-agar,  were  made  in  a  series  of  rabbits  and  the  reac- 
tions recorded  forty-eight  hours  later. 

The  drugs  were  dissolved  in  water  and  administered  once  daily  by  means 
of  the  stomach  tube  in  dose  of  one  grain  per  sixty  kilograms  of  body  weight. 

The  skin  tests  were  repeated  after  the  third  dose  and  again  after  six  addi- 
tional doses. 

The  influence  of  ether  was  studied  by  anesthetizing  rabbits  for  one  hour 
and  repeating  the  luetin  and  agar  tests  two  hours  later;  the  influence  of  chloro- 
form was  studied  in  the  same  manner  except  that  the  period  of  anesthesia  was 
thirty  minutes. 

'i'he  results  were  indehnite  and  (liflicult  to  read  and  interpret,  due  mainlv 
to  the  difficulty  of  making  an  injection  into  the  abdominal  skin  of  a  rabbit.  As 
a  general  rule  the  reactions  to  agar  were  more  marked  than  IIkjsc  excited  by 
the  luetin. 

In  no  instance  were  the  reacti(jns  influenced  by  three  doses  of  the  drugs. 
In  two  animals  the  reactions  were  intensifie<l  after  a(ldilii>nal  doses  of  potas- 
sium iodide,  but  the  oilier  drugs  used  in  this  stud)-  were  without  appreciable  ef- 
fect. The  agar  reactions  were  influenced  b)-  potassium  iodide  to  a  greater  ex- 
tent than  the  luetin   reactions. 

C(Hijuncti\  al  tuberculin  tests  among  a  series  of  nontuberculous  animals  be- 
fore and  afttr  the  administration  of  iodides,  brDmitle^  and  chlorides  were  nega- 
tive throughout. 
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3.  The  influence  of  potassium  iodide,  potassium  bromide  and  potassium 
chloride  upon  cutaneous  and  intracutaneous  tuberculin  tests. — Of  47  adults  upon 
whom  the  cutaneous  tubercuhn  test  of  von  Pirquet  was  conducted,  six  did  not 
show  any  reaction.  Potassium  iodide  was  then  administered,  the  total  amount 
of  drug  taken  varying  from  20  to  160  grains,  and  the  tuberculin  tests  repeated. 
One  person  reacted  quite  distinctly  in  the  second  test  with  "lighting  up"  of  the 
preliminary  test  several  days  later,  but  we  are  unable  to  state  whether  these  ef- 
fects are  to  be  ascribed  to  the  influence  of  the  potassium  iodide  or  to  a  delayed 
tuberculin  reaction.  A  second  person  presented  a  mild  reaction  in  the  second 
test. 

In  a  second  group  of  adlilts  the  cutaneous  and  intracutaneous  tests  were  con- 
ducted simultaneously  on  the  left  arm.  All  of  the  reactions  were  positive  and 
were  carefully  measured  forty-eight  hours  later;  the  following  drugs  were  then 
administered  in  doses  of  10  grains,  twice  daily  for  a  period  of  three  days :  potas- 
sium iodide,  potassium  bromide  and  potassium  chloride.  Both  tests  w^ere  then 
repeated  on  the  left  arm  and  the  reactions  measured  and  recorded  forty-eight 
hours  later.     The  results  are  shown  in  Table  X. 


TABLE  X 


The  Effect  of  Drugs  upon  the  Cutaneous  and  Intracutaneous  Tuberculin  Reactions 


DRUG 

CX'TANEOUS 

TUBERCULIN 

INTRACUTANEO 

Before 

us   TUBERCULIN 

NAME 

Before 

After 

After 

(cm.) 

(cm.) 

(cm.) 

(cm.) 

Dr.  E.  S..  . 

Pota.ss.  iodide.  .  .  . 

1.0X1.0 

1.5X1.5 

3.0X4.0 

3.0X4.0 

Dr.  J.  A.  K. 

Pota.ss.  iodide.  .  .  . 

1.6X1.5 

3.0X3.0 

1.7X1.6 

4.1X4.0 

Dr.  T.  M.. 

Pota.ss.  brom 

1.0X1.5 

1.0X1.5 

2.0X2.0 

2.0X1.5 

Mr.  W.  G.. 

Potass,  brom 

0.5X0.5 

0.8X1.0 

2.5X2.5 

2.0X2.5 

Dr.  S.  I... 

Potass,  brom 

1.0X1.0 

2.3X2.0 

4.0X4.0 

5.0X5.5 

Dr.  B.  M.. 

Potass,  chloride..  . 

1.0X1.0 

1.0X1.0 

4.0X4.0 

4.5X4.5 

Mr.  C.  H. 

Potass,  chloride..  . 

0.5X0.6 

0.8X0.6 

2.8X2.5 

3.5X3.0 

TABLE  XL 


Effect  of  Drugs  upon  the  Luetin  and  Prodigiosin  Intracutaneous  Reactions  Among 

Wassermann  Positive  Persons 


wassermann 
reaction- 

drug 

luetin  reactions 

prodigiosin  reactions 

NO. 

Before 

(cm.) 

After 

(cm.) 

Before 

(cm.) 

After 

(cm.) 

1 

2 
3 
4 

Si  rongly  Positive 

Strongly  Positive 

Weakly  Positive 

Strongly  Positive 

Potass,  iodide 

Sod.  iodide 

Protiodid.  mercury.. 
Potass,  brom 

1.0X1.2 
1.0X0.6 
1.0X0.8 
0.2X0.4 
0.8X0.5 
1.3X1.2 
1.0X1.0 
1.0X1.0 

1.5X1.8 
1.5X1.5 
1.0X1.0 
0.3X0.4 
0.6X0.5 
1.0X1.0 
1.0X1.0 
1.0X0.8 

0.7X0.4 
0.8X1.0 
1.0X1.0 
0.5X0.4 
1.0X1.0 
1.0X0.6 
1.0X0.5 
0.9X0.9 

0.8X0.5 
2.0X2.0 
3.0X2.5 
1.0X1.0 
2.0X1.5 

(i 

Moderately  Positive..  . 

Weakly  Positive 

Strongly  Positive 

Sod.  brom. 

1   0X1.5 

7 
8 

Potass,  chlor 

Ether  * 

1.0X0.8 
1.0X1.0 

*   10  ounces. 
Results:      Luetin  reactions  regarded  as  positive  in  Nos.  1,  2,  3,  6,  7,  8  and  influenced  in  Nos.  1 
and  2;  prodigiosin  reactions  influenced  in  Nos.  2,  3,  4  and  5. 

Potassium  iodide  was  found  to  influence  both  the  cutaneous  and  intra- 
cutaneous reactions  of  two  persons  as  evidenced  by  wider  inflammatory  areolae 
the  greater  edema  (Dr.  E.  S.  and  Dr.  J.  A.  K.). 
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Potassium  bromide  produced  a  similar  influence  upon  the  reactions  of  one 
of  three  persons   (Dr.  S.  I.)- 

Potassium  chloride  did  not  produce  any  appreciable  influence  upon  the 
cutaneous  reactions  of  two  persons,  but  increased  very  slightly  the  intracutane- 
ous reaction  of  one  of  these  persons  (Mr.  C.  H.). 

It  appears  that  tiiese  drugs  and  particularly  potassium  iodide,  may  increase 
the  inflammatory  phenomena  of  an  anaphylactic  reaction  although  in  these  tuber- 
culin reactions  the  second  reactions  may  have  been  influenced  by  the  previous 
tests.  Among  persons  in  the  tertiary  stage  of  syphilis,  presenting  positive 
Wassermann  reactions  and  positive  luetin  reactions  in  most  instances,  potassium 
iodide  appeared  to  increase  the  degree  of  reaction  to  luetin.  while  the  prodigiosin 
reactions  were  influenced  to  a  greater  degree   (Table  XI). 

MECHANISM    OF   THF    ACTION    OF   DRUGS    UPON    SKIN    REACTIONS. 

Skin  reactions  may  be  divided  into  three  varieties,  (1  )  the  true  anaphylactic 
reaction  due  to  the  interaction  in  the  skin  of  specific  protein  antigen  and  specific 
antibody;  (2)  the  pseildo  or  nonspecific  protein  reaction  due  to  the  interaction 
in  the  skin  of  general  protein  substances  and  nonspecific  proteolysins ;  (3)  the 
traumatic  reaction  consequent  to  the  operation ;  or  to  the  irritant  qualities  of 
such  substances  as  preformed  bacterial  toxins  and  various  preservatives  as 
phenol  and  tricresol  contained  in  the  injected  material.  One  of  us  (J.  A.  K.) 
has  discussed  elsewhere  our  present  knowledge  bearing  upon  the  mechanism  and 
clinical  significance  of  these  reactions.*'  Certain  drugs,  and  notably  the  iodides 
and  to  a  lesser  extent  the  bromides,  may  influence  skin  tests  by  increasing  the 
severity  of  the  reactions.  We  are  of  the  opinion  that  this  influence  is  exerted 
upon  the  nonspecific  and  traumatic  reactions  rather  than  upon  the  specific  ana- 
phylactic reaction,  although  definite  proof  of  this  assertion  is  not  at  hand.  In- 
tracutaneous tests  are  more  readily  influenced  than  cutaneous  tests ;  as  a  rule 
the  reactions  produced  by  the  injection  of  material  of  irritant  properties  are 
most  readily  influenced;  as  for  example,  the  injection  of  agar-agar  or  ordinary 
luetin  as  compared  with  a  luetin  of  washed  spirochetes  alone  and  free  of  culture 
medium.  Iodides  apparently  increase  the  purely  inflammatory  and  suppurative 
phases  of  skin  reactions. 

One  of  us  (J.  A.  K.)  has  also  tested  the  influence  (jf  ])()tassium  iodide  upon 
the  Schick  toxin  reaction  in  a  few  persons  ;  the  drug  a])parentlv  increased  the 
.severity  of  the  reactions  among  persons  reacting  positively  and  produced  mild 
reactions  among  a  few  persons  who  possessed  an  antitoxic  immunity  of  suf- 
ficient degree  to  yield  negative  toxin  tests  in  the  preliminary  trials. 

Definite  knowledge  of  the  mechanism  of  skin  reactions  is  lacking,  ])Ut  there 
appears  to  be  sufficient  experimental  data  at  li;ind  to  indicate  tliat  the  non- 
specific and  traumatic  skin  reactions  implicate  tlie  ])rotc(il\tic  ferments  of  (ixed 
tissue  cells,  leucocytes,  and  serum,  which  ])n>(hu~i'  from  the  injected  protein  and 
probably  from  the  ])rotein  of  the  ])erson's  own  serum  a  soluble  toxic  substance 
responsible  in  part  for  the  reaction  in  the  skin  of  erythema,  edema,  and  leucocytic 
infiltration.  If  this  is  correct  it  would  appeal"  |inih;ililc  that  llu'  iodiiles.  bromides 
I  and  to  ,'1  lesser  extent   the   chlorides,   are  cajjable  of   incre;ixing   tryptic   aclixitv 
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by  removal  of  antiferment,  after  the  hypothesis  of  Jobhng  and  Petersen  pre- 
viously mentioned. 

As  many  of  the  reactions  influenced  by  potassium  iodide  become  pustular 
with  extensive  infiltration  of  the  tissues  with  polymorphonuclear  leucocytes,  it 
is  possible  that  the  iodide  may  influence  the  leucocytes  and  facilitate  the  phagocy- 
tosis of  the  injected  foreign  material  producing  a  heightened  inflammator}^  re- 
action analogous  to  the  focal  reaction  not  infrecjuently  following  the  adminis- 
tration of  a  bacterial  vaccine  in  adequate  dosage. 

Daily  total  and  difl:"erential  leucocyte  counts  of  the  blood  of  two  persons 
taking  potassium  iodide  and  two  others  taking  potassium  bromide  until  a  total 
of  170  grains  has  been  swallowed,  did  not  show  any  material  influence  upon 
either  the  total  number  or  variety  of  leucocytes  in  the  peripheral  blood,  as 
compared  with  a  series  of  preliminary  counts  before  the  administration  of  the 
drugs.  Similar  negative  results  were  observed  with  a  series  of  rabbits  receiving 
the  drugs  by  means  of  a  stomach  tube. 

The  sera  of  persons  and  rabbits  receiving  potassium  iodide  and  potassium 
bromide  appears  to  have  an  appreciable  increased  power  for  facilitating  phagocy- 
tosis. As  shown  in  Tables  XII  and  XIII,  the  sera  of  persons  taking  potassium 
iodide  and  potassium  bromide  showed  higher  phagocytic  and  opsonic  indices  for 
B.  prodigiosis  than  the  same  sera  in  the  preliminary  tests  before  the  administra- 
tion of  the  drugs ;  this  was  particularly  apparent  with  the  sera  of  persons  taking 

TABLE  XII 


IXFLVEXCE    OF    THE    OrAL    ADMINISTRATION    OF    PoTASSIUM    loDIDE    AND    PoTASSIUM    BrOMIDE 

UPON  Phagocytosis  of  B.  Prodigiosis  * 


DRUG 

PHAGOCYTIC  INDICES  ** 

NAME 

1st 
Prelim. 

2nd 
Prelim. 

3rd 
Prelim. 

4th 
Prelim. 

After 

60 
Grains 

After 

90 
Grains 

After 

140 

Grains 

After 

170 

Grains 

C.  E. 
G.  H. 
A.  B. 
S.  H. 

Potass,  iodide 

Potass,  iodide 

Potass,  bromide 

Potass.  Ijromide 

0.4 
0.4 
0.3 
0.2 

0.8 
0.4 
1.0 
0.6 

1.0 
1.3 
2.4 
1.0 

0.9 
1.6 
1.1 
0.9 

1.9 
3.4 
1.9 
1.9 

2.6 
1.7 
1.6 
3.6 

1.7 
2.0 
0.9 
1.7 

1.9 
2.4 

Tests  conducted  with  the  leucocytes  of  a  normal  person  and  not  with  the  patienfs  own  leucocytes. 
Phagocytic  indices — the  average  number  of  bacilli  ingested  per  leucocyte. 


TABLE  XIII 


Influence  of  the  Oral  Administration  of  Potassium  Iodide  .\nd  Pot.\.ssium  Bromide 
UPON  THE  Opsonic  Index  (B.  Prodigiosis)  * 


drug 

.\VER.\GE 

PH.\GOCYTIC 

INDEX 

OPSONIC   INDICES  ** 

name 

After 

60 
Grains 

After 

90 
Grains 

After 

140 

Grains 

After 

170 
(i rains 

C.  E. 
G.  H. 
A.  B. 

S.  H. 

Potass,  iodide 

Potass,  iodide 

Potass.  Ijromide 

Potass,  bromide 

0.7 

0.9 
1.2 
0.7 

2.8 
4.0 
1..5 

2.8 

3.5 
2.0 
1.3 
5.0 

2.4 

2.2 

0 
2.4 

2.8 
2.7 

*  Tests  conducted  with  the  leucocytes  of  a  normal  person  and  not  with  the  patient's  own  leucocytes 
**  Opsonic  indices  obtained  by  dividing  the  patient's  phagocytic  index  by  the  average  phagocytic 
index  obtained  with  his  serum  before  the  administration  of  the  drugs  (see  Table  XII). 
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TABLE  Xiy 


IXFLCENCE    OF    OrAL   ADMINISTRATION    OF    PoTASSIUM   lODIDE   AND    PHAGOCYTOSIS    OF    B. 

Prodigiosis  * 


PHAGOIYTIC    INDICES    ** 

RABBIT 

1st 

2nd 

3rd 

After 

After 

After 

After 

After 

After 

NO. 

Prelim. 

Prelim. 

Prelim. 

1st 

2nd 

3rd 

4th 

5tli 

Oth 

Dose 

Dose 

Dose 

Dose 

Dose 

Dose 

1 

O.J. 

1.3 

0.4 

0.7 

0.5 

1.5 

2.6 

5.6 

6.7 

0 

0.5 

0.4 

1.1 

0.7 

2.5 

3 

0.3 

3.3 

1.2 

2.8 

3.2 

3.4 

5.3 

9.4 

10.7 

i 

0.7 

1.2 

1.9 

1.2 

1.1 

l.fi 

3.0 

4.9 

6.2 

Tests  conducted  with  the  leucocytes  of  a  normal  rabbit. 


TABLE  XV 


Influence  of  Oral  Administration  of  Potassium  Iodide  upon  the  Opsonic  Index 

(B.  Prodigiosis)  * 


average 
phagocytic 

INDEX 

OPSONIt 

INDUES 

rabbit 

NO. 

After 
1st 

After 
2nd 

After 
3rd 

After 
4th 

After 
5th 

After 
Oth 

Dose 

Dose 

Dose 

Dose 

Dose 

Do.se 

1 

0.7 

1.0 

0.7 

2.0 

3.7 

8.0 

9.5 

2 

0.7 

1.0 

3.5 

3 

1.6 

1.8 

2.0 

2.1 

3.3 

5.8 

6.7 

4 

1.3 

0.9 

0.8 

1.2 

2.3 

3.7 

4.8 

Conducted  with  the  leucocytes  of  a  normal  rabbit. 


potassium  iodide.  Even  more  marked  results  were  observed  with  the  sera  of 
rabbits  receiving  potassium  iodide  by  means  of  the  stomach  tube  (Tables  XIV 
and  XV). 

Phagocytic  experiments  in  vitro  consisting  in  exposing  emulsions  of  B. 
prodigiosis  and  staphylococcus  aureus  to  varying  dilutions  of  the  drugs  in  nor- 
mal sah  solution  under  study  for  an  hour  at  37°  C,  followed  by  the  addition 
of  an  emulsion  of  the  mixed'  leucocytes  of  normal  rabbits  secured  by  aleuronant 
irritation  and  from  the  peripheral  blood  and  reincubation  for  half  to  an  hour, 
were  generally  negative.  As  shown  in  Table  XVI,  the  1 :4000  dilution  of  potas- 
sium iodide  and  potassium  bromide  appeared  to  raise  the  phagocytic  powers  of 
the  leucocytes,  while  the  1  :4000  dilution  of  potassium  chloride  exerted  a  similar, 
but  very  slight  inHuence.  A  similar  influence  on  the  part  of  the  drugs  ui)on 
staphylococcus  aureus  was  not  ap])arent  (Table  XVI 1).  Occasionally  well 
marked  phagocytosis  was  observed  but  not  higher  than  shown  occasionally  in 
the  series  of  controls. 

It  would  ai)pear,  therefore,  that  the  oral  administration  of  potassium  iodide 
and  to  a  lesser  extent  of  pf)tassium  bromide,  mav  increase  the  phagocytic  i)ower 
of  the  blood  scrum  for  11.  prodigiosis  and  this  ma\'  lia\e  sonic  inllucnce  upon 
skin  reactions  by  increasing  leucocytic  infiltration  about  the  injected  mass. 
Whether  these  drugs  have  a  similar  influence  upon  otluT  niicroiirganisms  or  upon 
the  phenomena  of  infecticju  and  resistance  in  general  would  appear  worth}'  of 
further  investigation. 
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TABLE  XVI 


IXFLTEXCE    OF    DrUGS    UPON    THE    PHAGOCYTOSIS    OF    B.    PrODIGIOSIS    IX    VlTRO    * 


PHAGOCYTIC     INDICES 

DILUTION'S    OF    DRUGS  ** 

Potass. 
Iodide 

Potass. 
Bromide 

Potass. 
Chloride 

1  :''20O    

1:1000    

1:-1000    

1:10,000    

1.2 
1.1 
2.5 
0.9 
1.1 

1.1 
1.5 
3.5 
1.4 
2.1 

2.2 
2.0 
2.9 
1  8 

Control  *** 

1   5 

The  leucocytes  of  a  normal  rabbit  used. 

In  sterile  normal  salt  solution  (0.85  per  cent). 

In  sterile  normal  salt  solution  (0.85  per  cent). 


TABLE  XVII 


IXFLUEXCE    OF    DrUGS    UPON    THE    PHAGOCYTOSIS    OF    STAPHYLOCOCCUS    AUREUS    IX    VlTRO   * 


PHAGOCYTIC 

INDICES    ** 

DILUTION'S    OF    DRIC;  *   *   * 

Potass. 
Iodide 

Sodium 
Iodide 

Potass. 
Bromide 

Sodium 
Bromide 

Potass. 
Chloride 

Amnion. 
Chloride 

100     

500    

1000    

0.9 
0.8 
1.1 
0.9 
0.9 
1.3 
0.3 
1.1 

0.7 
0.9 
0.9 
0.5 
0.5 
0.8 
1.2 
0.5 

0.9 
0.5 
0.9 
1.0 
1.4 
0.7 
0.6 
0.7 

1.0 
1.3 
1.2 
1.4 
1.5 
0.9 
1.3 
1.0 

1.2 

0.8 
0.8 
0.8 
1.3 
1.2 
0.8 
0.8 

0.4 
0.5 

0.8 

5000    

10.000    

0.8 
0.5 

20,000 

0   9 

40,000    

0.6 

100,000    

0.5 

*  Staphylococcus  aiu"eus  recently  cultivated  from  the  pus  of  a  furuncle.      The  leucocytes  of  normal 
rabbits  employed. 

**  The  controls  (set  up  with  sterile  normal  salt  solution)  showed  a  spontaneous  phagocytosis  varying 
from  2.0  to  0.1  and  averaging  0.5  per  leucocyte. 
***  In  sterile  normal  salt  solution  (0.85  per  cent). 


SUMMARY. 

1.  The  iodides  and  particularly  potassium  iodide  were  found  to  influence  the 
luetin  and  prodigiosis  intracutaneous  tests  to  a  marked  extent.  Normal  non- 
syphilitic  persons,  reacting  negatively  in  the  luetin  test,  may  show  marked  re- 
actions when  tested  after  the  oral  administration  of  sixty  or  more  grains  of 
potassium  iodid'e. 

2.  The  bromides  of  potassium  and  sodium  in  the  same  dosage  were  found 
to  have  a  similar  but  less  marked  influence. 

3.  The  chlorides  of  potassium  and  ammonium  in  the  same  dosage  were 
found  to  influence  the  prodigiosin  reactions  but  not  the  luetin  reactions  except 
to  a  very  slight  extent. 

4.  The  administration  of  the  protiodide  of  mercury  influenced  the  lueti^ 
reaction  to  some  extent. 

5.  It  is  probable  that  the  administration  of  larger  doses  of  these  drug| 
would  exert  a  more  marked  influence  upon  skin  reactions. 

6.  Ether  and  chloroform  anesthesia  did  not  appear  to  influence  skin  re- 
actions. 

7.  Substances  most  likely  to  excite  inflammatory  reactions  in  the  skin  ap| 
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pear  to  be  most  readily  influenced  by  the  iodides  and  to  some  extent  by  bromides ; 
intracutaneous  tests  with  agar-agar,  prodigiosin  and  ordinary  luetin  were  more 
readily  influenced  by  these  drugs  than  the  reactions  following  the  injection  of 
a  luetin  of  washed  spirochetes  and  free  of  culture  medium. 

8.  Cutaneous  tests  are  not  as  readily  influenced  by  these  drugs  as  intra- 
cutaneous tests. 

9.  Conjunctival  tests  among  normal  rabbits  to  tuberculin  were  apparently 
not  influenced. 

10.  Cutaneous  and  intracutaneous  reactions  to  tuberculin  among  persons 
reacting  positively  to  both,  appear  to  be  rendered  more  extensive  by  potassium 
iodide  and  to  a  lesser  extent  by  potassium  bromide. 

11.  Anaphylactic  reactions  to  luetin  in  syphilitic  persons  appear  to  be  ren- 
dered more  extensive  by  potassium  iodide  and  potassium  bromide. 

12.  The  oral  administration  of  potassium  iodide  and  to  a  lesser  extent  of 
potassium  bromide,  increased  the  phagocytic  power  of  the  blood  serum  for  B. 
prodigiosis ;  the  increased  severity  of  skin  reactions  in  persons  taking  these 
drugs  may  be  due  to  heightened  leucocytic  infiltration  and  phagocytosis  about 
the  injected  material  or  to  an  increase  of  tryptic  activity  through  the  saturation 
of  fatty  acid  radicals  according  to  the  hypothesis  of  Jobling  and  Petersen. 

13.  Physicians  should  very  carefully  rule  out  the  possible  influence  of  these 
drugs  before  conducting  skin  reactions. 

14.  It  is  probable  that  these  drugs  have  influenced  the  luetin  reactions  as 
clinically  applied  and  have  been  responsible  in  part  for  the  divergent  results  ob- 
served and  reported. 
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THE  DISTRIBUTION  OF  THE  BLOOD  SUGAR  AS  REGARDS 

CORPUSCLES,   PLASMA,   AND  WHOLE   BLOOD   IN 

HEALTH  AND  DISEASE  IN  MAN* 


By  R.  B.  H.  Gradwohl,  M.D.,  and  A.  J.  Bi.aivas,  St.  Louis,  Mo. 


IT  occurred  to  the  writers  to  determine  according  to  the  newer  blood  chemical 
methods  the  exact  distribution  of  the  blood  sugar  in  man  as  regards  the  cor- 
puscles, plasma,  and  whole  blood.  The  data  which  we  have  accumulated  are 
based  upon  a  number  of  analyses  of  blood  obtained  in  the  routine  way  by  veni- 
puncture, the  blood  in  all  cases  being  received  into  potassium  oxalate  (dried), 
and  the  sample  taken  in  the  morning  before  breakfast.  The  method  used  was 
that  of  Benedict  and  Lewis,  as  modified  by  Myers  and  Bailey.  It  is  interesting 
to  note  that  so  far  as  we  are  able  to  learn  in  a  search  of  the  literature,  no  such 
data  have  hitherto  been  obtained  by  using  these  methods. 

Possibly  the  most  important  research  along  this  line  is  that  of  Tachau^  who 
reported  his  data  on  the  distribution  of  blood  sugar  in  blood  corpuscles  and  blood 
serum.  Prior  to  this  publication,  Lepine,-  Michaelis  and  Rona,"  and  Hollinger* 
found  in  the  blood  serum  and  corpuscles  of  man  and  other  animals  different 
amounts  of  blood  sugar.  Since  then,  others  have  worked  along  similar  lines, 
notably  Rona  and  Doblin,-^  E.  Frank,''  Lyttkens  and  Sandgreen,'^  Hoeber,*  Schiro- 
kauer,^  and  others.  There  are  great  discrepancies  in  these  results,  possibly  due 
to  the  fact  that  some  work  was  carried  out  with  human  blood  and  other  work 
with  animal  blood.  Since  the  appearance  of  Masing's^"  and  Loeb's"  articles, 
we  know  that  the  sugar  content  of  blood  in  different  animals  and  in  man  gives 
different  figures,  and  also  that  the  variations  in  the  blood  sugar  in  man  and  in 
animals  quite  close  to  him  are  dififerent  from  a  metabolic  standpoint.  It  must, 
however,  be  noted  that  the  observations  of  most  of  these  investigators  have  not 
been  made  with  respect  to  an  estimation  of  the  normal  blood  sugar  content  un- 
der ordinary  conditions,  most  of  the  human  data  having  been  based  upon  a  com- 
putation after  the  ingestion  of  large  amounts  of  carbohydrates  and  most  of  the 
animal  data  having  been  procured  after  the  animals  were  narcotized  and  tied  up 
for  a  long  time.  Michaelis  and  Rona^-  and  E.  Frank^^  showed  that  in  the  pres- 
ence of  a  hyperglycemia  due  to  the  ingestion  of  a  large  amount  of  carbohydrates, 
the  blood  sugar  content  of  serum  is  increased  more  than  that  of  the  whole  blood 
or  the  corpuscles.  As  for  the  results  in  man,  Hollinger  found  that  the  amount 
of  sugar  was  the  same  in  whole  blood  and  in  plasma.  E.  Frank,  in  a  number 
of  pathological  cases,  found  more  sugar  in  the  serum.  Schirokauer,  as  a  rule, 
in  fasting  persons,  found  a  higher  percentage  of  blood  sugar  in  plasma  than  in| 
whole  blood  or  corpuscles.  In  alimentary  hyperglycemia  the  difference  between 
the  whole  blood  and  the  plasma  was  quite  marked  in  a  number  of  cases  exanv 
ined.  It  was  noted  that  one  hour  after  the  ingestion  of  the  dose  of  carbohydratel 
that  caused  the  alimentary  hyperglycemia,  the  balance  between  the  two  wasj 
adjusted   so   that  there  was  practically   no   more   difference   between   the  bloc 
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sugar  content  in  carbohydrate-fed  persons  tlian  that  seen  in  fasting  persons. 
The  blood  sugar  in  the  corpuscles  of  alimentary  hyperglycemics  ran  high;  in 
but  few  cases  did  the  concentration  of  sugar  in  the  corpuscles  remain  low ;  and 
in  one  case,  when  the  blood  sugar  concentration  in  the  whole  blood  went  up, 
the  blood  sugar  in  the  corpuscles  went  down. 

As  for  the  different  results  seen  in  the  case  of  man,  Hollinger  found  the 
same  amounts  of  sugar  in  plasma  and  in  whole  blood.  E.  Frank,  in  pathological 
cases,  found  an  increase  in  the  sugar  in  the  serum  over  the  corpuscles,  while 
Schirokauer  found  great  differences  between  the  whole  blood  and  the  serum. 
Tachau  worked  this  matter  out  on  fasting  persons.  At  the  same  time,  Roily 
and  Oppermann^*  published  their  figures  on  fasting  persons.  Tachau  reported 
both  pathological  cases  and  also  normal  people  after  carbohydrate  ingestion. 
Owing  to  the  fact  that  very  large  quantities  of  blood  were  needed  with  this, 
technic  Tachau  cotild  not  use  the  same  person's  blood  more  than  once.  His 
technic  was  as  follows:  Blood  obtained  by  venipuncture  was  received  in  sodium 
fluoride,  40  c.c.  in  quantity,  centrifuged  in  a  high  power  electric  centrifuge  for 
fifteen  minutes.  The  blood  volume  was  taken  with  a  Boenning  tube.  The  whole 
blood  and  corpuscles  were  treated  according  to  Schenk's  method  to  precipitate 
the  protein  material,  and  blood  sugar  estimation  made  with  the  Knapp  solution 
as  previously  reported  by  Tachau.''^  A  point  to  be  taken  into  consideration  in 
this  work  is  the  suggestion  made  by  Lepine^''  that  there  is  "free"'  and  "bound" 
sugar  in  the  blood;  i.e.,  that  shortly  after  standing,  within  fifteen  minutes,  in 
fact,  some  of  the  "bound"  sugar  is  liberated  and  becomes  "free"  sugar,  going 
over  from  corpuscles  to  plasma,  remaining  of  course  in  the  plasma.  Tachau 
covered  this  question  in  his  investigations.  A  part  of  the  blood  was  placed  di- 
rectly in  water  and  2  per  cent  hydrochloric  acid  as  described  in  his  previous 
technic ;  another  part  was  received  into  the  sodium  fluoride  and  allowed  to  stand 
one  hour  in  the  laboratory.  The  blood  volume  was  determined  by  weighing. 
Table  I  of  Tachau's  experiments  gives  the  results  on  this  question. 

Table  I 


CASE  XO. 

k 

PER  CENT. 

PER  CENT  AFTER  1  HR. 

"        1. 

Potator 

(after  100  gm.  grape  sugar) 

0.113" 

0.111 

2 

Liver  cirrhosis 

"         "       "         '•             " 

0.142 

0.145 

3. 

0.143 
0.148 

0.142 
0.148 

4. 

Erysipelas 

"             " 

0.185 

0.183 

5. 

Diabetes    (fastin 

g  patient) 

0.258 

0.240 

6. 

Liver  cirrliosis, 

(after  100  gm.  gra|)e  su^ar) 

0.169 

0.177 

7. 

Gout 

0.1  OS 

0.112 
0.114 

8. 

Xormal, 

.. 

0.()S6 

0.095 

9. 

Diahetic,   fa^litv^ 

.. 

0.113 

0.125 

It  will  be  noted  that  in  the  first  fom"  cases,  the  difi"erence  between  the 
>lood  sagar  content  uiien  first  withdrawn  and  after  one  hour  standing  is  so 
hght  as  to  be  negligible.  In  (•a>e  5.  a  fasting  dialielic,  blood  sugar  drop]ied 
rom  0.25(S  to  0.240  per  cent  ;  liert-  ])erhap^  the  soditun   tlnoridr  c;^u.-^ed  glycolysis. 
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In  the  last  four  cases,  the  blood  sugar  rose  after  one  hour.     It  can  be  seen  there- 
fore that  there  is  some  slight  rise,  but  this  is  not  a  constant  or  important  factor. 
In  Table  II  of  Tachau's  figures  are  seen  the  results  of  investigations  on  fast- 
ing people. 


Table  II 
Investigations  on  F.vsting  Persons 


Diagnosi.s 

SUGAR    CONTENT 

Case 
No. 

Whole 
Blood 

% 

Plasma 

% 

Differ- 
ence 
Between 
Plasma 

and 

Whole 

Blood 

% 

Quotient 
Plasma 

Blood 
Volume 

% 

Cor- 
puscles 

% 

Differ- 
ence 
Between 
Plasma 
and 
Cor- 
ipuscles 
% 

Quotient 
Plasma 

Whole 
Blood 

Cor- 
puscles 

1 

2 

3 

4 
5 

6 

7 

8 

9 

10 

11 

12 

Pregnancy < 

Arteriosclero.sis. . . 

Uremia < 

Nephritis 

Diabetes 

:  ;;;;;{ 

a 

0.0765 

0.0740 

0.098 

0.105 

0.104 

0.111 

0.129 

0.150 

0.153\ 

0.156/ 

0.165 

0.183 

0.243 

0.258 

0.301\ 

0.306/ 

jo. 087 

0.105 

0.110 

0.126 
0.138 
0.173 

0.168 

0.165 
0.185 
0.246 
0.265 

0.323 

0.012 

0.007 

0.005 

0.015 
0.009 
0.023 

0.014 

0 
0.002 
0.003 
0.007 
/0.022 
10.017 

1.16 

0 .  07 

1.05 

1.14 
1.07 
1.15 

1.09 

1.00 
1.01 
1.01 
1.03 
1.07\ 

1 .  06/ 

36 

30 

34 

45 
50 
47 

27 
42 

21 

/0.058 

/0.051 

0.082 

0.095 

0.093 
0.  120 
0.125 

0.165 
0.181 

/0.219 
\ 0.243 

0.029 
0 .  036 
0.023 

0.015 

0.033 
0.018 
0.048 

0 
0.004 

0.104 
0.080 

1.5 
1:7 
1.3 

1.2 

1.4 
1.2 
1.4 

1.0 
1.0 

1.5 
1.3 

With  the  exception  of  case  8,  in  which  all  the  figures  tallied,  the  sugar 
concentration  was  higher  in  plasma  than  in  whole  blood.  The  average  difi:'er- 
ence  was  0.01  per  cent.  The  average  quotient  was  1 .07.  As  for  the  volume,  the 
difference  between  the  plasma  and  the  whole  blood  was  greater  in  ratio  to  the 
blood  volume;  i.e.,  the  greater  the  difiference,  the  smaller  the  blood  volume.  The 
greatest  difiference  between  the  plasma  and  the  corpuscles  was  0.1 0-1  per  cent, 
an  average  of  0.030  per  cent.  The  quotient  average  of  plasma  over  corpuscles  1 
is  1.3.  There  seemed,  therefore,  no  more  difference  between  the  blood  sugar  1 
concentration  in  whole  blood,  plasma,  and  corpuscles  in  individuals  with  a 
high  or  low  blood  sugar. 

Table   III   by  Tachau   illustrates   the   data   on   blood   after   the   administra- 
tion of  carbohydrates. 

The  differences  between  the  sugar  in  the  plasma  and  in  the  whole  bloodj 
or  corpuscles  are  greater  the  higher  the  hyperglycemia,  as  opposed  to  the  con-i 
dition  existing  in  fasting  persons.     The  greatest  difference  occurred  in  case  11' 
0.144  per  cent,  in  a  diabetic,  the  quotient  of  whole  blood  over  pla.^ma  being  I A 
The  quotient  of  plasma  over  corpuscles  was  in  most  cases  as  much  as  2.0.     Ii( 
twelve  of  these  cases  where  the  patients  were  given  carbohydrates  followed  b; 
a  blood  test,   the  quotient  of  plasma  over  whole  blood   was  five  times  hight 
than  in  fasting  persons   (Table  11).     In  the  cases  where  the  examinations  wer 
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Table  III 

Examinations  After  Ixstitutiox  of  Carbohydrates 


Case 

No. 


Diagnosis 


Remarks 


SUGAR    CONTEXT 

Differ- 

Differ- 

ence 

ence 

Be- 

Quo- 

Be- 

tween 

tient 

Blood 

tween 

Whole 

Plas- 

Whole 

Plas- 

Vol- 

Cor- 

Plas- 

Blood 

ma 

Blood 

ma 

ume 

puscles 

ma 

or 
/o 

or 

/o 

and 

Plas- 
ma 

cr 

/c 

Whole 
Blood 

P7 
/o 

% 

and 
Cor- 
puscles 

% 

Quo- 
tient 
Plas- 


Cor- 
puscles 


Healthv 


Heart  Insuffi- 
ciency  

Gout 

Nephritis 

Liver  Cirrhosis 

Uremia 

Liver  Cirrhosis 

Erysipelas.  .  .  . 

Lead  Poisoning 

Diabetes 


Healthv 


Drinker. 


.\rteriosclerosis 


Carcinoma 
Liver. . . . 


Liver  Cirrhosis 

Diabetes 

.\cromegalia  . . 
Diabetes 


1     hr.    After 
100  Gm.  Grape 
Sugar 


fl   hr.   After 
\  .50  Gm.  White 
!^  Bread 


{l}4  hrs.   After 
•)  100  Gm.  Grape 

[Sugar 

(IH   hr.   After 
i  100  Gm.  Grape 

I  Sugar 

f2     hrs.   After 
<  100  Gm.  Grape 
[Sugar 


^-2}4  hrs.  After 
■".^O   (J 111.    White 

i  Bread 

f2K  hrs.  After 
MOOGm.  White 

[Bread 

(3  hrs.  After 
'  loOGm.  White 

I  Bread 

[4  hrs.  After 
•'.iO  Gm.  White 
I  Bread 


0.090    0.112 


0.093 

0.096 

f0.112 

\0.1U 

0.142 

/0.1-13 

\0.148 

0.147 

0.169 

f 0.182 

\0.185 

0.213 

1 
^0.221 

'0.334 
0.361 

►0.093 

0.111 
0.113 

0.0.56 
0 .  092 


111 
142 
145 

180 
206 
295 


l0.]2(i 


0.325 


k).42H 


0 . 2.'i4 


0.118 
0.120 

0.129 

0.155 
0.153 
0.155 
0.160 
0.213 

>0.207 

0.237 

0.231 

0.480 
0.387 

0.075 

0.126 

0 .  058 

0 .  086 

0.129 
0.188 
0.193 
0.225 
0.240 
0.312 

0.  126 
0 .  344 
().3S6 
0.22s 


0 .  022 

0.022 
0.027 

0.016 

0.013 
0.005 
0 .  002 
0.013 
0.044 

0 .  024 

0 .  024 

0.010 

0.146 
0.026 

0.018 


0.014 

0.002 

0.006 

0.018 
0.043 
0.051 
0 .  045 
0 .  034 
0.017 

0 
0.019 
0 .  042 


1.25 

1.29 
1.23 

1.15 

1.09 
1.031 
1 .  08/ 
1.09 
1.26 

1.13 

1.11 

1.05 

1.44 
1.07 

0.80 

1.13 

1 .  03 

0.94 

1.16 
1.30 
1.36 
1 .  25 
1.17 
1 .  05 

1 .  00 
1.06 
0.90 
1  .00 


40 
40 


45 


39 


47 


50 


41.5 


47 


46 

40 

37 

36 

37 
30 
47 

31 

41.5 

45 


42 


0.053 
0 .  003 


0.12'; 


0.100 


0.185 


0.212 


0 .  325 


0 .  054 

0.  100 

0.081 
0.051 
0 .  070 
0.103 
0.127 
0.277 

0.1 2(i 
0 .  ,300 
().4S0 
0.2  Hi 


0.055 
0.063 


0 .  028 


0.113 


0.052 


0.019 


0.062 


0 .  004 

0.014 

0.048 
0.142 
0.118 
0.122 
0.113 
0 .  035 

0 
O.OH. 
0.094 
0.015 


2.3 
1.8 


1.2 


2.1 


1.3 


1.1 


1 .  07 
0.86 


1.6 

3.8 


1.9 
1.1 


1  .0 


1.  1 


0.8 


0.9 


rnade  one  hour  after  carholiydratcs  were  ingested,  the  whole  blood  was  liijjher 
in  sugar  than  was  llie  j^lasma.  [n  cases  13  and  24  (he  (Hfferences  were  so  great 
that  they  could  not  i)ossiI)ly  he  (hu-  to  errors  in  leclniic  or  calculation,  in  one 
-ase  the  sugar  concenti-alion  in  whole  Mood  went   uj)  and   that  of  tin-  cor]uiscles 
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diminished,  due  to  the  fact  that  the  corpuscles  must  have  yielded  up  some  of 
their  sugar.  This  phenomenon  was  first  noted  by  Rona  and  Takahashi^"  and 
E.  Frank  and  Bretschneider.^"^  Tachau  also  claims  that  the  increase  in  sugar 
concentration  in  the  corpuscles,  observed  in  alimentary  hyperglycemia,  was  due 
to  the  relative  permeability-increase  in  vitro  in  human  corpuscles  for  grape 
sugar,  as  suggested  by  Rona  and  Doblin,  Hoeber  and  Masing."  We  can  think 
of  it  in  this  way :  when  the  alimentary  hyperglycemia  begins  and  sugar  is  throw  n 
in  increased  quantity  into  the  circulation,  it  is  first  dissolved  in  plasma  and 
penetrates  the  corpuscles  secondarily.  As  the  hyperglycemia  declines,  the  sugar 
content  of  the  plasma  goes  down  and  the  corpuscles  then  throw  their  sugar  in 
excess  into  the  plasma.  Tachau  attempts  to  explain  by  this  line  of  reasoning 
why  it  is  that  in  the  presence  of  a  declining  hyperglycemia  of  alimentary  origin, 
the  serum  loses  its  sugar,  and  strange  to  say,  the  corpuscles  then  hold  more 
sugar  than  the  plasma.  Perhaps  this  is  due  to  a  sudden  liberation  of  sugar 
from  the  blood  stream.  In  this  connection  the  work  of  E.  Masing^°  bears  strongly 
on  this  point :  he  showed  by  exhaustive  experiments  that  the  addition  of  sugar 
to  a  quantity  of  blood  in  vitro  is  followed  by  the  taking  up  of  the  sugar  by  the 
corpuscles  first ;  then  later  the  corpuscles  give  up  this  sugar  excess  and  in  the 
final  analysis  sugar  in  larger  quantities  is  found  in  the  plasma.  This  is  in 
confirmation  of  the  work  of  Rona-"  and  the  prior  publication  of  Masing.-^  Mas- 
ing  further  showed  that  the  addition  of  sugar  to  blood   was   followed  by  the 


Table  IV 
Investigations  ox  the  Same  Persons  and  Ex^-erimextal  Aximals 


SUGAR    CONTENT 

Differ- 

ence 
Between 

Quotient 

No. 

Diagnosis 

Remarks 

Blood 
Volume 

% 

Whole 

Plasma 

Cor- 
puscles 

% 

Plasma 

Plasma 

Blood 

% 

% 

and 
Cor- 
puscles 

% 

Cor- 
puscles 

1 

Nephritis 

fFasting    1    hr. 
^  After  100  Gra. 
[Grape  Sugar.  . 
fFasting    1    hr. 

1" 

I 

1      .50 

/   0.111 
\   0.142 

0.126 
0.  155 

0 .  093 
0.125 

0.033\ 
0 . 033/ 

1.3 

2 

Diabetes 

^  After    50    Gm. 

(  0.129 

0.138 

0.120 

0.018 

1.2 

[White  Bread.. 

\  0.221 

0.231 

0.212 

0.019 

1.1 

3 

<( 

(( 

/  0.243 

0.246\ 

\   0.334 

0.480/ 

■1 

u 

[Fasting  2  hrs. 
After  100  Gm. 
[Grape  Sugar.  . 

1  « 

J 

f   0.150 
\   0.295 

0.173 
0.312 

0.125 
0.277 

0.048 
0 .  035 

1.4 
1.1 

5 

u 

Fasting    1    hr. 
] After  100  Gm. 
[white  Bread.  . 

41.5 

) 

r   0.3(51 
\   0.325 

0 .  387 
0.344 

0.325 
0 .  300 

0.062 
0.044 

1.2 
1.1 

6 

Dog    1,    Police 
Dog 

Fasting   ?4   hr. 

]  After  100  Gm. 

Grape  Sugar.  . 

43 

f   0.081 
\    0.213 

0.090 
0 .  264 

0.070 
0.140 

0.020 
0.118 

'■1 

7 

Dog  2,  Bull  Dog 

Fasting    1    hr. 
]  After    80    Gm. 
[Grape  Sugar.  . 

i     3fi 

J 

f   0.081 
\   0.150 

0.087 
0.159 

0 .  069 
0.133 

0.018 
0 .  020 

\ 

8 

« 

Fastingl'jhrs. 
j  After  120  Gm. 
[Grape  Sugar.  . 

[     36 

J 

/    0.082 
\    0.223 

0.087 
0.174 

0 .  072 
0.311 

0.010 
0.137 

,1  1 

0.6      1 
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slow  entrance  of  sugar  into  the  corpuscles  at  zero  Centigrade,  faster  at  25°  C, 
and  that  this  entrance  was  hindered  markedly  by  high  temperatures.  Masing 
also  showed  that  treatment  of  corpuscles  with  formalin  enhanced  their  per- 
meability for  sugar. 

The  fourth  table  of  Tachau's  data  on  the  same  persons  and  on  experimental 
animals,  eight  cases  in  all,  showed  a  great  difference  between  the  sugar  content 
of  plasma  and  corpuscles  in  case  4,  a  diabetic,  blood  taken  two  hours  after  100 
grams  of  grape  sugar  were  administered.  The  difference  was  0.048  per  rent. 
The  greatest  difference  was  in  case  5,  0.062  per  cent,  a  diabetic,  fasting  one  hour 
after  100  grams  of  white  bread  were  ingested.  It  is  significant  to  note  that  the 
three  dogs  examined,  cases  6,  7,  and  8,  showed  about  the  same  percentage  of 
blood  sugar  in  their  whole  blood:  viz.,  0.081,  0.081,  and  0.082  per  cent,  respec- 
tively. The  least  difference  found  between  plasma  and  corpuscles  was  in  case 
8,  0.010  per  cent,  and  the  greatest  in  case  5,  0.062  per  cent. 

Our  figures  are  based  upon  a  comparison  of  the  blood  sugar  content  of  24 
cases,  using  the  latest  method,  that  of  Benedict  and  Lewis"-  modified  by  Myers 

Table  V 
Analysis  of  Whole  Blood,  Plasma  and  Cells 


REMARKS 


1 

W.M...  . 

d' 

8/8 

0.135 

0.135 

0.135 

Patient  normal.  Blood  taken  after  break- 
fast. 

Patient  normal.  Blood  taken  after  break- 
fast. 

Patient  diabetic. 

2 

F.B 

& 

8/15 

0.132 

0.129 

0.132 

3 

Dr.H... 

d" 

8/16 

0 .  204 

0.204 

0 .  200 

4 

M.H...  . 

d 

8/18 

0.156 

0.153 

0.156 

Patient  epileptic. 

.  5 

Dr.H... 

d 

8/19 

0.105 

0.162 

0.105 

Patient  fasting  six  days. 

G 

C.B 

d 

8/22 

0.159 

0.155 

0.159 

Patient     syphilitic.        Blood     taken     nfter 
dinner. 

7 

F.H 

d 

8/22 

0.140 

0.138 

0.140 

Patient    syphilitic.        Blood     taken     before 
breakfa.st. 

8 

E.B...  .  . 

d 

8/23 

0.300 

0.225 

0.240 

Case  of  a  boy  of  12  years  who  was  dying  at 
the    time    blood    was    taken    (I)iahetic 
Coma). 

9 

B.E.S..  . 

d 

8/31 

0.132 

0.129 

0.132 

]?loofl  taken  after  injection  of  salvarsan. 

10 

J.W 

9 

9/13 

0.200 

0.196 

0.196 

Patient  diabetic. 

11 

Dr.  H.  .. 

d 

9/16 

0.225 

0 .  225 

0 .  225 

See  case  No.  3  and  .". 

12 

9097 .... 

d 

9/18 

0.1.35 

0.1,35 

0.132 

Patient  syphilitic.       Wassermann  4-  -|-  -|-  -h 

13 

G.M.  ..  . 

& 

9/18 

0.123 

0.123 

0 .  1 23 

Paticnl  syj)hilitic. 

14 

M.R...  . 

9 

9/20 

0 .  345 

0.340 

0 .  .340 

Patient  d'iabetic. 

15 

K.G 

d 

9/21 

0.U4 

0.144 

0.144 

16 

J.R 

9 

10/3 

0.120 

0.120 

0 .  1 20 

Patient  on  "Allicn  Thk.vtmf.nt"  since  9  27. 

17 

J.R 

9 

10/19 

0.129 

0.  129 

0.129 

See  Case  No.  10. 

18 

M.M...  . 

9 

10/20 

0.090 

0.090 

0.090 

Patient  i)r(>gnant  and  has  only  one  kidney. 

19 

F.S 

d 

11/10 

0.102 

0 .  099 

0.  102 

Pati(>nt  normal.      Blood  taken  after  break- 

20 

M.S 

9 

11/20 

0.138 

0.1,38 

0 .  1 38 

lasl. 
Patient     on     ".Vi.lkn     'ri{i:.\TMENT"     since 
11/17. 

21 

G.D 

9 

11/21 

0.102 

0.102 

0 .  099 

Patient  sy[)Iiililic  ,ind  h,is  a   trace  of  sugar 
in   nrinc. 

22 

P.R 

d 

11/21 

0,087 

O.OSI. 

0.087 

Bh)od    taken    <>ii<'    hour    .il'lcr    injcclinn    of 
salvarsan. 

23 

M.(;...  . 

& 

11/25 

0.210 

0.207 

0.210 

I'alienI  syphilitic. 

24 

MP 

d 

11/25 

0.120 

0.120 

0,  117 

I'jilicut  diab(>tic. 

*    cfSignifies    Male 
9  Signifies   Female 
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and  Bailey.-^  The  blood  was  diluted  one  to  five  with  distilled  water,  immediately 
after  withdrawal,  precipitated  with  picric  acid,  mixed  with  a  stirring  rod,  and 
allowed  to  stand  with  occasional  stirring.  The  tube  is  now  centrifuged  for  a 
few  minutes  and  the  supernatant  fluid  filtered  into  a  dry  test  tube  through  a 
small  thick  piece  of  filter  paper.  Three  c.c.  of  the  filtrate  are  pipetted  into  a 
specially  graduated  test  tube,  1  c.c.  of  20  per  cent  sodium  carbonate  added,  and 
the  solution  heated  for  fifteen  minutes  for  the  development  of  color.  The  solu- 
tion is  allowed  to  cool,  made  to  volume  with  water,  10,  15,  or  20  c.c,  dependent 
upon  depth  of  color,  mixed  and  compared  in  the  Hellige  colorimeter  with  the 
wedge  of  standard  picramic  acid.  In  these  determinations,  of  course,  w'e  worked 
with  another  part  of  the  same  blood,  which  was  strongly  centrifuged  before- 
hand, in  that  way  separately  gathering  the  plasma  and  the  cells.  The  plasma 
and  the  cells  in  turn  were  handled  in  the  same  way  as  was  the  whole  blood. 

Table  V  shows  the  results  of  our  own  investigations. 

From  a  study  of  these  twenty-four  examinations  it  can  be  readily  seen  that 
the  quantity  of  sugar  in  the  wdiole  blood,  in  the  plasma,  and  in  the  corpuscles 
in  nearly  all  cases  is  the  same.  Our  cases  w^ere  normal  individuals,  syphilitics, 
diabetics  before  and  after  undergoing  "Allen"  treatment,  and  one  epileptic.  Our 
figures  agree  rather  closely  with  those  of  Tachau  already  cited  at  length.  In  but 
one  case.  No.  8,  did  we  see  a  wide  variation  from  this  agreement :  here  we  had 
0.30  per  cent  in  the  whole  blood,  0.225  per  cent  in  the  plasma  and  0.24  per  cent 
in  the  cells.  This  was  a  very  interesting  case  of  a  boy  of  twelve  years  who  died 
within  twenty-four  hours  after  admission  into  the  City  Hospital  of  what  was 
judged  to  be  diabetic  coma.  The  thought  suggested  itself  that  in  the  terminal 
stages  of  life,  in  diabetes,  there  is  perhaps  a  variation  in  the  sugar  content  of 
the  various  parts  of  the  blood,  but  as  yet  we  have  had  no  opportunity  in  diabetic 
coma  cases  to  verify  this  observation. 

CONCLUSION. 

Using  the  latest  methods  of  sugar  analysis  in  blood,  namely,  that  of  Lewis 
and  Benedict  as  modified  by  Myers  and  Bailey,  we  find  that  the  amount  of 
sugar  is  practically  the  same  in  the  whole  blood,  ])lasma,  and  cells.  This  is  in 
the  main  in  perfect  agreement  with  the  work  of  Tachau  who  used  the  older 
technic  of  sugar  estimation.  This  seems  to  disprove  the  theoretical  views  of 
some  of  the  older  physiologists  who  held  that  a  part  of  the  sug^r  in  the  blood 
was  in  a  state  of  loose  combination  with  some  other  substance.  This  obsolete 
idea  has,  of  course,  already  been  considerably  shaken  by  the  work  of  Rona  and 
Michaelis-^  who  showed  that  blood  sugar  is  in  a  state  of  solution ;  they  showed 
that  when  diluted  blood  is  shaken  with  certain  colloids,  such  as  ferric  chloride 
or  kaolin,  the  proteins  form  a  colloidal  combination,  and  are  absorbed.  They 
can  then  be  quantitatively  precipitated  by  the  addition  of  a  trace  of  electrolyte,  ' 
but  no  trace  of  sugar  is  removed  from  the  solution  by  this  treatment.  If  the 
sugar  were  united  with  the  proteins  it  would  be  carried  down  with  them,  and 
as  the  reagents  used  cannot  have  any  disruptive  efifect,  it  is  not  possible  for  the  , 
sugar  to  exist  in  combination  with  the  proteins.  As  Cammidge-'^  states,  too,  an-  j 
other  piece  of  evidence  in  support  of  the  free  state  of  dextrose  in  the  blood  is ' 
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furnished  by  the  observation  that,  whereas  charcoal  absorbs  both  sugar  and  pro- 
tein when  shaken  with  a  solution  containing  these  two  substances,  yet  it  absorbs 
the  protein,  but  not  the  dextrose,  when  acetone  is  present.  The  acetone  being 
more  absorbable  than  the  dextrose,  prevents  the  latter  being  taken  up  by  the 
charcoal.  Further  evidence  is  also  furnished  by  the  results  of  dialysis  experi- 
ments. 
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A  NEW  KIND  OF  LONG  PAPER  KYMOGRAPH* 


By  D.  E.  Jackson,  Ph.D.,  M.D.,  St.  Louis,  Mo. 


ALMOST  the  entire  framework  of  the  long  paper  kymographf  shown  in 
the  accompanying  ilhistration  is  made  of  regular  standard  gas  pipe  and 
fittings.  Three  sizes  of  pipe  (and  fittings)  are  used  in  the  construction  of  the 
base  or  supporting  table,  viz.,  1,  1^4  ^^"'d  1^  inches.  The  main  horizontal  shaft 
to  which  the  drums  are  attached  is  constructed  of  inch  piping  except  in  the 
middle  portion  where  1^  inch  sized  fittings  are  used  in  order  to  make  a  stronger 
hinge.  The  small  frames  to  hold  the  drums,  etc.,  are  of  smaller  piping  (^  or 
K>  inch). 

W'hen  the  "lock  pin"'  is  pulled  out  (upwards)  the  entire  drum  shaft  and 
drums  can  be  turned  over  (backwards  in  the  illustration)  downwards  until  the 
center  of  the  horizontal  shaft  rests  on  the  "smoking  rest  arm."  The  drums 
are  then  horizontal  and  in  the  correct  position  for  smoking  the  paper  which 
is  pasted  together  at  the  ends  and  passed  like  a  belt  around  the  drums.  The 
left  hand  drum  is  free  to  turn.  The  belt  is  dropped  off  one  of  the  pulleys  at 
the  right  hand  drum  and  then  the  "crank  for  smoking"  is  used  to  turn  the 
right  hand  drum  rapidly  to  smoke  the  paper. 

The  paper  passes  along  just  below  (outside)  the  smoking  plate.  This 
plate  is  made  of  cast  iron  and  is  12  by  6  by  J4  inches  in  dimensions.  The  smok- 
ing flame  is  held  just  below  the  smoking  plate  which  keeps  the  paper  from 
getting  too  hot. 

The  left  hand  drum  is  held  in  a  frame  which  slides  on  two  parallel  (1  inch) 
pipes  which  extend  from  the  smoking  plate  to  the  left  hand  end  of  the  horizontal 
shaft.  The  fittings  marked  "drum  slide"  and  "P."  are  bored  out  on  the  inside 
to  slide  over  the  parallel  pieces  of  piping. 

The  drums  may  be  made  of  sheet  brass  rolled  to  fit  the  heads  (ends)  which 
can  either  be  made  of  cast  brass  or  simply  cut  (turned)  from  a  sheet  of  brass 
(about  %  inch  thick,  or  galvanized  sheet  iron  1/16  inch  thick).  It  is  much 
cheaper,  and  perhaps  better  in  every  way,  to  make  the  cylindrical  portions  of 
the  drums  of  galvanized  sheet  iron  (1/16  inch  thick).  These  pieces  can  easily 
be  trimmed  to  the  proper  size  and  rolled  into  perfect  cylinders  at  a  very  nominal 
cost  by  any  sheet  metal  company.  The  parts  of  the  drums  are  easily  soldered 
together. 

A  small  motor  (costing  $3.50  and  purchased,  second  hand,  of  the  Gregory 
Electric  Company,  16th  and  Lincoln  Streets,  Chicago)  has  been  used  to  turn 
the  drums.  The  motor  is  1/20  horse  power  and  revolves  1500  times  per  min- 
ute (Robbins  and  Myers). 

It  may  perhaps  be  advisable  to  use  a  slightly  stronger  motor   (1/16  horse 

*From   the   Department   of  Pharmacology   of   Washington   University   Medical    School,    St.    Louis. 
tThe   kymograph   here   described   was   demonstrated   in   New   York   on    December   29,    1916,    before   the 
Federation    of   American    Societies   for   lixperimental    BioloKv. 
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power)  if  some  difficulty  is  experienced  in  getting  g-ear  wheels  that  are  entirely 
satisfactory.  I  have  used  two  sets  of  worm  gears  as  indicated  in  the  picture. 
The  large  gear  wheel  may  have  from  120  to  140  teeth  (motor  1500  R.P.M.) 
and  the  smaller  wheel  (horizontal)  has  84  teeth.  But  for  motors  of  different 
speeds  these  gears  must  be  bought  to  give  the  desired  drum  speeds.  A  large 
number  of  dift'erent  speeds  may  be  secured  for  the  drum  by  having  several  dif- 
ferent sized  pulleys  (which  are  inlerchangeable)  to  place  on  the  lower  end 
of  the  power  spindle  (power  pulley)  and  on  the  lower  end  of  the  drum  spindle. 
These  spindles  are  all  made  of  ><   inch  mandrel  iron   {shafting).     The  pulleys 


Motor   driven   long  paper  kymograph.      (I'or   description    see   text.  I 

are  attached  by  set  screws  and  can  be  readily  removed  or  interchanged.  The 
round  leather  belt  is  kept  taut  by  a  tension  spring  (see  plan  of  belt  and  i)ul- 
leys). 

Adjustable  and  interchangeable  ajiparalus  sujiports  arc  attaclu'd  lo  the  right 
hand  end  of  the  horizontal  shaft. 

The  main  horizontal  shaft  and  the  dninis  are  su])])orted  by  a  sliding  upright 
shaft  of  \y2  inch  piping.  y\t  the  lower  end  of  this  shaft  is  placed  a  tec  which 
connects  with  two  more  side-outlet  tees  which  are  bored  out  (marked  W)  to 
slide  on  the  two  outer  upright  bars.  A  set  screw  is  shown  in  one  of  these  side- 
outlet  tees.     The  set  screw  is  used  to  fasten  the  ^^liding  lee  at  any  desired  height. 
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The  central  supporting  shaft  also  slides  through  another  side-outlet  tee  at  the 
upper  part  of  the  table.  The  portions  of  the  hinge  marked  "B"  are  also  bored 
out  to  rotate  on  the  short  pieces  of  piping  which   pass  through   the   fittings. 

The  drums  are  raised  or  lowered  by  means  of  a  windlass  and  a  steel  cable 
(3  32  inch  in  diameter).  The  cable  is  fastened  to  the  lower  end  of  the  sup- 
porting shaft  and  passes  upward  (double)  to  the  windlass  which  can  be  locked 
by  a  set  screw.  The  fittings  through  which  the  roller  of  the  windlass  passes 
are  bored  out  to  permit  rotation  of  the  roller  (1^4  i^ich  piping)  as  the  crank  is 
turned. 

The  main  horizontal  drum  shaft  and  drums  can  be  rotated  in  a  horizontal 
plane  around  the  central  axis.  This  is  accomplished  by  the  use  of  a  cross,  the 
perpendicular  openings  of  which  are  bored  out  to  turn  on  the  upper  end  of  the 
m,ain  supporting  shaft  (at  the  point  marked  "rotation"'  in  the  illustration"). 
On  the  extreme  upper  end  of  the  main  supporting  shaft  is  placed  a  cap. 
Through  this  cap  the  lock  pin  passes  down  from  the  two  holes  in  the  horizontal 
shaft  above.  If  the  lock  pin  is  pulled  out  and  the  cap  screwed  off.  then  the 
entire  upper  part  of  the  kymograph  can  be  lifted  ofi^  from  the  base.  This  is  a 
matter  of  great  convenience  for  shipping,   etc. 

Castors  (as  shown  in  the  picture)  are  not  necessary  and  are  perhaps  best 
avoided  for  ordinary  routine  purposes. 

The  two  drums  here  shown  are  10  inches  high  and  8  inches  in  diameter. 
For  those  who  so  prefer  it  is  a  very  easy  matter  to  attach  a  small  extra  drum 
(or  cylinder)  to  the  frame  which  holds  the  right  hand  drum.  This  extra  drum 
can  be  used  to  furnish  a  flat  recording  surface  for  the  writing  points  of  the 
tambours,  etc.  This  is  accomplished  by  passing  the  belt  of  drum  paper  around 
all  three  drums. 

"Ball"  pattern  fittings  (railing  fittings)  have  been  used  in  a  num.ber  of 
places  in  the  construction  of  the  framework  because  they  are  somewhat  neater 
in  appearance  than  the  ordinaiy  styles  of  fittings. 

The  kymograph  here  shown  and  described  should  be  considered  merely  as 
typical  of  the  many  forms  and  sizes  of  kymographs  which  can  easily  and  cheaply 
be  constructed  of  the  materials  here  indicated.  For  the  particular  kymograph  . 
illustrated  here  the  cost  of  materials,  including  the  labor  of  a  steam  and  gas 
fi;tting  company,  which  made  up  the  base  and  the  main  portions  of  the  upper 
part  of  the  framework,  and  the  labor  of  another  firm  which  rolled  and  soldered 
the  brass  cylinders,  was  a  little  more  than  $40.00.  But  this  price  is  higher  than 
it  should  probably  have  been  because  a  little  "experimenting"'  had  to  be  done  in 
the  work  of  construction.  The  attachment  of  the  motor,  gears  and  pulleys,  etc., 
represented  a  further  smxall  expense. 

In  many  schools  it  should  easily  be  possible  to  have  a  sufficient  supply  of 
these  long  paper  kymographs  constructed  either  in  the  departmental  shops  or 
in  other  departments  in  the  school  in  which  mechanical  work  is  being  taught. 
In  these  cases,  if  a  plumbing  company  can  be  hired  to  make  the  framework, 
and  a  sheet  metal  company  to  roll  the  drums,  the  total  cost  of  construction 
should  not  exceed  $75.00  and  might  be  considerably  less.  The  belt  pulleys 
should  be  made  of  cheap  cast  iron.  The  set  screws  can  be  obtained  from  the 
stock  of  any  large  hardware   store.     The  gear  wheels   and   worms   cost  about 
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$3.30.  The  motor  must  be  bought  to  fit  the  current  available  in  the  laboratory, 
and  the  switch  used  for  starting  or  stopping  the  motor  can  be  placed  on  an  ex- 
tension cord,  thus  allowing  the  operator  to  control  the  drum  from  any  place 
about  the  room.  \\  spinning  device  for  the  right  hand  drum  can  easily  be  at- 
tached to  the  drum  spindle. 
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By  AIiles  J.  Breuer.  ALD.,  Lincoln,  Xeb. 


THERE  are  many  practitioners  who  would  be  desirous  of  availing  them- 
selves of  the  modern  clinical  laboratory  methods,  were  they  not  deterred 
therefrom  by  the  high  cost  of  equipping  an  et^cient  laboratory.  If  a  practitioner 
is  to  have  his  own  laboratory,  he  must  have  the  various  time-  and  labor-saving 
devices;  otherwise,  the  routine  performance  of  many  laboratory  procedures 
would  be  out  of  the  question  for  a  man  who  has  patients  to  take  care  of.  Yet, 
the  cost  of  this  apparatus  is  so  high  as  to  make  it  out  of  the  reach  of  many. 
The  writer  wishes  to  show  how  some  of  these  pieces  of  apparatus  may  be  con- 
structed by  the  physician  himself. 

These  remarks  will  appeal  especially  to  the  young  man  in  practice,  who 
has  been  trained  in  the  modem  scientific  methods,  and  is  eager  to  apply  them 
for  the  benefit  of  his  patients,  yet  finds  in  the  course  of  the  doctor's  rather  dif- 
ficult beginning-period,  that  he  cannot  afiford  to  purchase  the  needed  apparatus. 
He  is  the  very  one  who  will  ha\  e  the  time  that  it  takes  to  construct  the  ap- 
paratus. 

In  fitting  up  the  lal)oratory,  a  good  microscope  is  the  bigg^est  item  of  ex- 
pense, and  of  course,  the  purchase  of  this  is  unavoidable.  The  various  small 
pieces  of  glassware  are  not  a  great  item  of  cost,  with  the  exception  of  the 
hemocytometer.  The  first  thing  on  which  the  physician  can  increase  his  ef- 
ficiency without  great  expense,  is  the  centrifuge.  A  hand  centrifuge  can  be 
purchased  at  a  moderate  price,  but  this  is  useless  for  anything  except  urinalysis, 
and  very  slow  and  laborious  for  this  purpose.  \\  ilh  an  electric  centrifuge,  one 
can  be  attending  to  other  tasks  while  the  specimen  is  whirling,  and  cut  down  the 
time  spent  in  the  laboratory,  by  a  great  deal.  A  good  electric  centrifuge  is 
rather  expensi\e.  'J'he  writer's  first  electric  centrifuge  was  a  discarded  electric- 
fan  motor,  on  which  were  fastened  the  arms  and  shields  from  a  hand  cenlrituge, 
and  this  performed  excellent  service  for  a  long  time,  v^mall  electric  motors  t<> 
run  on  the  110-volt  current  can  always  be  jirocured  at  second-hand;  in  mo>i 
large  cities  there  are  regular  exchanges  handling  llieni.  and  a  \ery  few  dollars 
paid  for  one  of  these,  will  be  many  times  re])ai(l  li\  the  added  con\enience  and 
efficiency  for  the  man  who  feels  that  the  price  of  an  electric  centrifuge  is  too 
much  for  him. 

The  next  [)iece  of  apparatus  of  im]iortance  is  an  incubator,  'i'he  lack  of  an 
incubator  is  the  only  thing  that  stands  in  the  way  of  many  men  doing  for  them- 
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selves  certain  very  useful  things,  such  as  diphtheria  cultures  and  autogenous 
vaccines.  The  making  of  an  electric  incubator  and  thermostat  is  very  simple; 
and  once  adjusted,  the  apparatus  requires  no  care,  except  to  switch  it  on  and 
off  when  required,  like  an  electric  light. 

Our  incubator  was  made  by  starting  with  a  cubical  frame,  a  foot  on  each 
edge,  constructed  of  1-inch  sticks;  ^-inch  cypress  boards  were  used  to  cover 
this,  both  inside  and  out,  thus  making  a  double-walled  box  with  a  1-inch  space 


I 


Fig.    1. — Window  flasher,   original    form. 


Fig.    2A. — Original    form    of    "flasher." 


Fig.   2D. — "Flasher"  altered  for  thermostat. 
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Fig.   2C. — Connections  of  therm  )stat. 

between  the  walls.  In  this  space  were  wrapped  several  thicknesses  of  news- 
paper (newspaper  being  one  of  the  best  Iieat-insulators  we  have).  An  inner 
glass  door  was  provided  and  an  outer  wooden  one.  The  details  of  construction 
are  not  given,  as  they  are  trivial,  and  may  be  left  to  anyone  who  makes  such  a 
box.  The  heat  is  furnished  by  a  carbon-filament  incandescent  lamp.  The  car- 
bon filament  produces  much  more  heat  than  the  tungsten.  The  heating  is  ren- 
dered much  more  even  if  an  ether  can  with  the  top  and  bottom  melted  off, 
mounted  on  three  wire  legs,  is  placed  around  the  incandescent  globe.     The  globe 
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may  be  dipped  in  shellac  colored  red  with  carmine,  eosin,  or  safranin  (fuchsin 
will  not  do,  as  it  changes  color)  to  protect  the  cultures  from  the  bactericidal  ef- 
fect of  white  light.  A  snap  switch  is  mounted  on  the  outside  for  turning  the 
heat  on  and  off.  Where  the  electric  wires  pass  through  the  wall  of  the  incubator, 
the  holes  should  be  protected  by  porcelain  bushing.  A  themiometer  is 
suspended  through  a  hole  in  the  top,  and  rendered  tight  by  putting  it  through  a 
cork  stopper. 

The  thermostat  was  made  from  one  of  the  "window  flashers''  which  is  shown 
in  Fig.  1,  and  which  can  be  purchased  at  any  electrical  supply  store.  Such 
a  piece  of  apparatus  would  not  be  difficult  to  make,  but  this  was  chosen   for 


l'"ig.    3. — Diagram   of   inciiliator  connections. 

the  reason  that  it  met  w'ith  the  underwriters'  approval,  wliich  a  "homemade"  piece 
of  apparatus  would  not,  even  though  it  might  be  even  more  safe  and  efficient. 
There  is  a  great  difference  in  price  between  this  ajiparalus  and  a  regular  electric 
thermostat  for  incubators. 

The  curved  metal  bar  h,  on  the  porcelain  base,  is  wrap]>C(l  with  line  in- 
sulated wire.  This  is  not  re(|uire(l  for  our  ])nrpose,  ami  should  be  disconnected 
and  cut  oft".  The  bar  is  then  reversed,  so  that  the  convexity  is  downwards  in- 
stead of  upwards.  In  order  to  effect  this,  it  is  necessary  to  block  up  the  ends  ]:)y 
means  of  two  screw-nuts.  I'olts  and  nuts  should  lit  vei\-  tigiit  ;  if  they  do  not, 
larger  ones  should  be  ])ut  in,  as  everything  depends  on  the  ends  n\   the  bar  being 
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fixed  absolutely  rigid.  The  expansion  of  the  bar  increases  the  degree  of  convex- 
ity, depresses  the  middle  portion  and  breaks  the  contact  when  the  proper  degree 
of  temperature  has  been  reached.  The  platinum  contact  may  be  transferred 
from  one  side  of  the  bar  to  the  other,  by  a  jeweler  if  one  cannot  do  the  work 
oneself,  or  the  bar  may  be  simply  bent  in  the  other  direction.  For  a  long  time 
we  used  our  apparatus  with  the  original  contact-screw  r,  but  later  replaced  it 
with  one  having  a  large  milled  head  and  a  finer  thread,  making  adjustments  finer 
and  more  accurate.     The   wires  that   extend   into   the   porcelain  block   connect 


Fig.   4. — Incubator. 

with  the  condenser,  which  prevents  excessive  sparking,  and  which  should  be 
connected  as  shown  in  C,  Fig.  2.  The  connections  for  the  incubator  are  shown 
in  Fig.  3. 

To  adjust  the  thermostat,  the  contact-screw  c  is  set  down  far  enough  to  main- 
tain a  contact.  The  thermometer  is  watched  through  the  glass  door,  keeping  the 
outside  door  closed  between  observations.  When  the  temperature  has  reached 
37.5  degrees  C,  the  door  should  be  opened  and  the  contact-screw  quickly  turned 
to  the  left  until  the  light  goes  out  and  no  further.  The  setting  of  the  screw 
may  have  to  be  repeated  to  make  the  adjustment  accurate;  the  idea  is  to  have 
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the  circuit  hroken  at  the  exact  instant  that  the  temperature  reaches  37.5  degrees 
C.  If  the  box  has  been  tightly  made,  if  the  bar  on  the  thermostat  is  rigidly 
mounted,  and  the  set-screw  c  is  steady,  this  incubator  will  hold  its  temperature 
accurately  and  without  attention. 

The  next  two  pieces  of  apparatus  described  are  not  strictly  necessary  in  the 
practitioner's  laboratory,  but  they  effect  such  a  saving-  of  time  that  the  trouble 
taken  in  their  construction  is  many  times  repaid.  In  the  performance  of  the 
complement-fixation  test,  it  is  the  inactivation  and  the  incubation  which  the  man 
in  practice  finds  most  irksome ;  watching  a  water-bath  with  a  thermometer  in 
one  hand  an  a  Bunsen-burner  in  the  other,  consumes  so  much  time  that  he  is 


I'ig.   5.— Walcr-I.alli. 

unwilling  to  do  the  work.  By  means  of  an  automatic  water-bath,  these  i)or- 
tions  of  the  process  may  be  left  to  take  care  of  themselves;  and  if  there  is  a  good 
centrifuge,  there  is  no  excuse  for  anyone's  not  performing  his  own  coniploment- 
fixation  tests.  The  same  api)lies  to  the  shaking-machine.  (Jur  shaking-machine, 
though  originally  made  to  aid  in  shaking  up  autogenous  \accines,  now  finds  nu- 
merous other  ap])lications,  as  in  shaking  blood-counting  pi])cltes,  sputum  for  con- 
centration methods  of  search  for  tuberculosis  bacilli,  urine-(Jbennaycr  mixtures 
for  the  indican  test;  in  fact,  every  day  we  find  a  new  use  for  it.  1\i  a  busy  nrui, 
the  shaking-machine  and  the  automatic  water  bath  may  mean  ihe  whole  dif- 
ference between  being  able  to  make  his  own  autogenous  vaccines,  and  not  being- 
able  to  do  so;  with  these  two  pieces  of  apparatus,  all  that   will  be  required  of 
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him  is  the  transplantation  of  the  cuUures,  and  timing  when  in  the  various  ap- 
paratus. 

Our  water-bath  was  made  from  a  galvanized-iron  box,  6x6x14  inches 
(constructed  for  us  by  a  tinner),  with  a  pet-cock  in  one  end  by  means  of  which 
the  water  can  be  drained  out  when  desired.  A  wooden  box  was  built  around 
this,  with  newspapers  between.  The  heat  to  the  water  is  supplied  by  two  car- 
bon-filament incandescent  globes.  Some  of  the  immersion  water  heaters  on 
the  market  were  tried,  but  were  found  to  remain  hot  too  long  after  the  cur- 
rent was  turned  off,  causing  the  temperature  to  mount  too  high.  (We  are  con- 
templating the  construction  of  a  special  heating  unit  for  this  purpose.)  The 
electric  globes  are  sufficient  for  this  purpose,  if  the  glass  part  is  kept  submerged 
in  the  water  by  means  of  wire  racks. 

The  thermostat  is  the  most  difficult  portion  of  the  apparatus  to  make.  If 
one  is  not  versed  in  glass  working,  the  glass  portion  may  be  procured  to  order 
from  any  house  which  handles  glass  apparatus;  and  the  cost  ought  to  be^ 
small,  as  the  apparatus  is  very  simple.  However,  as  it  involves  only  the  sim^ 
plest  elements  of  glass  working,  there  are  many  who  will  be  able  to  make 
the  apparatus  themselves.  The  writer  is  of  the  opinion  that  anyone  who  at^ 
tempts  to  work  in  a  laboratory  ought  to  be  acquainted  with  at  least  the  rudi- 
ments of  glass  working  and  blowing.  There  is  nothing  difficult  about  It.  A' 
small  gasoline  torch  will  supply  sufficient  heat ;  or  blasts  may  be  purchased 
for  a  small  sum.  Fig.  9  shows  a  blast  which  the  writer  constructed  himself 
from  an  old  Bunsen  burner,  by  soldering  a  small  brass  tube  inside,  discarding 
the  base,  soldering  up  the  side  openings  tight,  and  hammering  the  end  (B) 
until  shaped  as  shown.  Gas  is  connected  at  G,  and  compressed  air  (with 
which  our  building  is  equipped)  at  A.  (The  pump-tanks  used  in  nose  and 
throat  work  for  atomization  will  furnish  all  the  pressure  necessary).  It  will 
certainly  be  worth  any  laboratory  worker's  time  to  spend  his  spare  moments 
for  a  couple  of  weeks  experimenting  with  glass  tubing,  in  the  ability  gained 
to  fashion  various  minor  pieces  of  apparatus  for  himself. 

The  thermostat  (A  and  B,  Fig.  6)  consists  of  a  small  bore  tube,  of  about 
1  mm.  internal  diameter  and  20  cm.  long;  the  actual  diameter  being  immaterial, 
if  it  is  small  enough  to  afford  considerable  rise  and  fall  of  the  mercury  on 
change  of  temperature.  A  bulb  is  blown  on  the  end  of  it,  keeping  in  mind 
that  it  must  be  constantly  rotated,  in  the  flame  and  out  of  it ;  and  one  must 
blow  only  a  little  at  a  time,  and  do  so  repeatedly,  in  order  that  the  walls  of 
the  bulb  may  become  thick  enough  to  stand  the  weight  of  the  mercury.  One 
or  two  cm.  above  the  bulb,  a  small  opening  is  blown  in  the  side  of  the  tube,  by 
making  the  flame  very  small  and  pointed,  and  carefully  blowing  out  the  soft- 
ened glass.  Another  tube  (which  must  be  prepared  beforehand)  has  the  edge 
on  one  end  thinned  by  blowing  a  bulb  so  rapidly  that  it  bursts,  and  breaking 
or  filing  off  any  flanges  that  project  more  widely  than  the  outer  diameter  of 
the  tube.  This  thinned  end  is  heated  to  redness  at  the  same  time  that  the  long 
tube  with  the  side-hole  is  kept  in  the  flame;  the  tw^o  pressed  together;  and  the 
thick  portion   where  the  joint   is,   blown   gently   outward   to  make   the   welding 
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ihorough  and  decrease  the  thickness.     The  side  arm  can  then  be  bent  upward 
at  a  right  angle.     Bending  is  best  done  in  the  luminous  gas   flame. 

The  upper  contact  is  made  by  inserting  into  the  long  upper  capillary  portion 
of  the  instrument,  a  wire  tipped  with  platinum  (a  jeweler  can  solder  the  plat- 
inum). The  side  arm  needs  provision  for  adjusting  the  height  of  the  mercury. 
A  large  nut  c  is  hollowed  out  with  a  drill  on  one  side  so  that  the  tube'  h  fits  into 
it.     It  is  cemented  to  the  tube  with  litharge  and  glycerin  mixed  so  as  to  form  a 


thick  paste,  and  allowed  to  harden  in  a  warm  place  for  several  days.  A  thumb- 
screw d  to  fit  the  thread  of  c  and  to  enter  the  bore  of  the  side  arm  /;  dips  into 
the  mercury  and  changes  its  hciglit.  A  connector  c  for  wire,  is  soldered  to  the 
nut. 

Two  such  thermostats  were  made,  in  (jrder  lliat  the  two  lemiieralures  com- 
monly u.sed,  37.5  and  56  degrees  centigrade  could  be  available  without  readjust- 
ing the  instrument  each  time;  and  by  means  of  a  three-point  switch  at  v"^,  the 
desired  one  can  readily  be  thrown  into  connection.     To  prevent  excessive  spark- 
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Fig.    7. — Shaking  machine. 


End  projection  of 

shaking-machine 


/\       Llexhod  of  mounting  motor. 


Details  of 
sliding-bed, 


Fig.  8. 
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ing  on  the  mercury  surface,  due  to  the  coils  of  the  relay,  a  condensor  G  is 
thrown  between  the  circuit-breaking  terminals  of  the  thermostat,  as  shown  in 
the  illustration.  This  was  made  from  fifty  sheets  of  tinfoil  3  inches  square,  inter- 
leaved with  paraffined  paper  5  inches  square;  the  1st,  3rd,  and  odd  numbered 
sheets  projecting  over  one  end  to  connect  together  to  one  terminal,  and  the  2nd, 
4th,  and  even  numbered  sheets  over  the  other  end  for  the  other  terminal.  Care 
must  be  taken  that  there  is  no  short  circuit  between  the  terminal  (a  current 
should  not  pass  through  the  condensor). 

A  20-ohm  telegraphic  relay  operates  the  heating  circuit.  (Jn  the  relay  it 
will  be  necessary  to  reverse  the  position  of  the  two  contact  screws  which  stop 
the  motion  of  the  armature  on  each  side ;  the  one  with  the  hard-rubber  tip  goes 
on  the  same  side  with  the  coils,  so  that  in  a  position  of  rest,  the  relay  circuit  is 
closed  at  H ,  and  opens  when  a  current  is  sent  through  the  magnets.  The  wires 
from  the  thermostat  circuit  should  be  connected  to  the  posts  where  the  words 
"20-ohms"  are  found ;  the  other  two  are  for  the  heating  circuit. 

To  adjust  the  thermostat,  with  the  switch  at  5  on  the  proper  point,  screw 
up  the  thumbscrew^  d,  so  as  to  break  the  contact  of  the  mercury  with  the  wire  In 
the  tube  a,  thus  opening  the  heating  circuit.     Allow  the  temperature  to  reach  the 
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Fig.   9. 

desired  point  (as  37.5  degrees  C)  ;  then  quickly  screw^  down  the  thumbscrew, 
making  the  contact  in  the  tube  a  between  mercury  and  platinum-tipped  wire. 
This  closes  the  current  through  the  relay,  causing  the  latter  to  break  the  heat- 
ing circuit,  which  remains  open  until  the  temperature  of  the  water  drops  low 
enough  so  that  the  fall  of  the  mercur\'  breaks  the  thermostat  circuit.  This  may 
be  repeated  for  finer  adjustment.  It  is  advisable  to  have  a  cover  fitted  over  the 
water-bath  with  openings  for  the  thermostat  tubes,  as  the  bath  keeps  its  tem- 
perature better  and  is  more  economical  of  current. 

The  construction  of  the  shaking  machine  will  be  clear  enough  from  the  illus- 
tration, and  will  reciuire  but  little  explanation.  The  mt)tor  is  from  a  barber's 
electrical  hand-fan,  which  was  obtained  at  second-hand.  It  is  mounted  on  the 
baseboard  by  means  of  t\\(j  iron  straps,  bolted  to  the  baseboard  and  extending 
around  the  body  of  the  motor,  drawn  together  at  the  toj)  b}'  means  of  a  stove 
bolt.  The  large  pulley  is  of  wood.  9  inches  in  diameter,  with  a  rigidly  fastened 
metal  axle.  This  was  procured  from  a  planing  mill.  The  small  one  is  of  brass 
and  was  procured  at  a  machine  shop.  Tlie  bell  is  a  leather  string  t  rom  a  lly  lui 
such  as  are  used  on  harness  in  summer.  The  bearing  of  the  axle  <>f  the  large 
pulley  is  of  oak  and  is  three  inches  long  in  order  to  render  the  pulley  steady. 
From  abo\e  are  bored  two  lioles.  widened  at  the  top,  to  pro\i(le  for  lubrication, 
as  in  B,  x,  b'ig.  S.     Tlie  same  ])rovision  is  made  on  the  crank-shaft,   which   is 
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pivoted  to  the  large  pulley  and  the  sliding-bed.     The  crank-shaft  should  be  as 
long  as  possible,  to  obviate  the  up-and-down  shove  on  the  sliding-bed. 

The  rods  on  which  the  sliding-bed  is  mounted,  running  through  holes  bored 
in  cross-cleats  on  the  under  surface  of  the  sliding-bed,  are  of  %  inch  doweling, 
and  are  kept  lubricated  with  graphite.  The  arrangement  for  holding  the  tubes 
which  are  to  be  shaken  consists  of  two  tin  shields  (c,  Fig.  8)  in  the  form  of 
tubes,  each  containing  a  large  coiled  brass  spring,  faced  with  a  concave  block, 
b.  The  springs  must  be  soft,  and  the  coils  wide,  so  that  they  can  be  compressed 
into  a  small  space.  Opposite  each  shield  on  the  opposite  end  of  the  sliding-bed, 
is  a  depression,  a,  to  hold  the  tube  steady.     Sizes  and  exact  measurements  are 


Fig.    10. — The  laboratory. 

not  given,  as  each  one  will  want  to  construct  the  apparatus  of  such  a  size  as  best 
adapted  to  his  own  needs. 

Everything  on  this  shaking  machine  with  the  exception  of  the  motor  and  the 
two  pulleys,  was  made  by  the  writer  during  spare  moments,  and  at  very  small 
cost.  All  of  the  pieces  of  apparatus  described  can  be  made  at  odd  moments, 
which  are  as  often  as  not  wasted  in  some  profitless  form  of  so-called  recreation. 
The  work  is  of  a  character  that  will  provide  as  much  pleasure  and  recreation 
for  the  busy  doctor — as  much  mental  rest — as  billiards  or  motion-pictures,  pro- 
vided only  that  he  is  interested.  Once  the  apparatus  is  in  his  possession,  he  will 
find  that  he  has  within  his  reach  practically  all  the  laboratory  methods  performed 
nowadays  as  routine  clinical  procedures,  and  that  the  tests  which  he  knows  to  be 
so  invaluable  in  his  work  and  which  he  once  considered  irksome  drudgery,  will 
now  take  but  little  of  his  time  and  will  give  him  pleasure  in  their  performance. 


RAPID   EXAMINATION   OF  OCCULT  BLOOD  BY  THE  BENZIDIN 

METHOD* 


By  Warren  T.  Vaughan,  M.D. 


STOOIv  examination,  a  laboratory  procedure  too  often  neglected  by  the 
general  practitioner,  and  for  very  obvious  reasons,  is  occasionally  the 
source  of  a  good  clue  in  the  diagnosis  of  morbid  processes.  It  is  only  in  well 
regulated  hospitals,  where  various  facilities  make  routine  stool  examination 
less  onerous  a  task,  and  where  there  is  always  a  young  interne  whose  duly  it 
is,  and  who  has  no  choice  in  the  matter,  to  examine  them,  that  the  procedure 
is  consistently  carried  out  on  every  patient.  Quite  obviously,  every  gastro- 
intestinal case  should  be  attacked  from  this  angle,  every  ulcer  or  carcinoma  sus- 
pect should  be  repeatedly  examined.  Occasionally  a  positive  stool  test  for  oc- 
cult blood  in  a  case,  clinically  not  gastrointestinal,  will  suggest  more  thorough 
examination,  and  thus  permit  a  correct  diagnosis.  Such,  for  instance,  are  cases 
of  intestinal  parasites  and  carcinoma,  in  which  an  early  diagnosis  is  always  so 
important.  Barker^  states  that  as  much  as  5%  of  blood  may  be  present  in  feces 
without  its  presence  being  recognizable  to  the  naked  eye.  A  very  satisfactory 
hospital  routine  to  be  followed,  and  one  that  should  be  strongly  recommended 
to  the  general  practitioner,  is  the  routine  examination  of  at  least  one  stool 
from  every  patient,  for  occult  blood,  in  addition  to  a  simple  microscopic  ex- 
amination of  an  unstained  specimen.  Of  course,  more  frequent  and  more 
complete  examinations  should  be  made  of  stools  from  cases  suspected  of  hav- 
ing gastrointestinal  lesions,  whether  blood  is  present  or  not. 

The  test  most  generally  employed  is  the  guaiac  test,  usually  Weber's 
method.  The  benzidin  test  as  usually  described,  corresponds  in  technic,  but 
is  considered  more  delicate;  by  some  even  too  delicate.  Perhaps  the  simplest 
guaiac  test  consists  in  rubbing  up  fecal  material  the  size  of  a  pea  in  5  c.c.  of 
glacial  acetic  acid;  shaking  the  solution  with  approximately  10  c.c.  of  ether; 
pouring  off  the  supernatant  ether,  after  it  has  separated  out ;  and  overlaying 
the  ethereal  extract  with  freshly  prepared  tincture  of  guaiac,  to  which  about 
one-half  its  volume  of  hydrogen  peroxide  has  been  added.  The  blue  or  violet 
fading  ring  at  the  zone  of  contact  is  considered  positive.  The  benzidin  test, 
as  generally  performed,  is  done  in  essentially  the  same  naanner.  or  perhaps  a 
little  easier  by  the  method  described  by  Barker,^  "A  small  piece  of  the  feces  is 
rubbed  up  with  water;  3  c.c.  of  this  unfiltercd  suspension  is  mixed  w'ith  2  c.c. 
of  an  alcoholic  benzidin  solution  (concentrated  l)y  heat  and  (iltcred  after  cool- 
ing), and  2  c.c.  of  a  3%  solution  of  hydrogen  peroxide;  a  few  drops  of  acetic 
acid  are  then  added.     If  blood  be  present,  an  intense  green  color  appears." 

Grunwald-  reports  the  relative  delicacy  of  the  various  tests  lor  occult 
blood  as  follows : 

Weber's  test   (his  own  fif^ures)     -     positive  with  one  part  lilood  in  _'()()()  dihitiou 

Benzidin    test        -         -         _        -         positive  with  one  part  I)lood  in  15()0()()  dihilion 

Hemochromogia   (spectroscopic  test) positive  with  one  part  Mood  in  5000  dilntion 

Potassium  cyanide            "                 "     positive  wit!i  one  part  Mood  in  5000  dihition 

•From  the  Medical  Clinic  of   tlio  I'ctcr   I'cnl    I'.riKliain   I  Idsiiil.il,    I'.dstoii,    Mass. 
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Dewis,^  ill  1907.  published  an  excellent  review  of  the  literature  and  a  de- 
scription of  the  comparative  values  of  the  different  tests.  He  says  that  whereas 
many  substances  reacted  positively  to  the  original  guaiac  test,  substances  such 
as  the  oxide  and  subcarbonate  of  iron ;  ferrous  salts,  and  iron  sulphide ;  acetates, 
citrates  and  chlorides ;  the  subacetate  and  sulphate  of  copper ;  and  pus,  all  of 
which  give  a  blue  color  of  varying  intensity,  yet,  as  modified  by  \\'eber  by  the 
use  of  an  acetic  acid  ethereal  extract,  most  of  the  interfering  substances,  par- 
ticularly the  iron  preparations,  pus,  saliva,  milk,  and  starch  no  longer  give 
positive  reaction.  Brandenburg*  has  shown  that  the  positive  reaction  to  pus 
is  due  to  nucleoalbumin.  and  that  it  is  precipitated  by  acetic  acid.  It  is  this 
precipitation  by  the  acetic  acid-ether  extract  that  prevents  the  positive  reaction 
to  pus.  It  is  found  also  that  the  acid-ether  combination  evidently  prevents  -■ 
positive  reactions  for  all  common  drugs.  \\'eber  found  that  of  67  medicines 
administered  by  himself  to  patients,  none  reacted  positively  with  his  guaiac 
test. 

O.  and  R.  Adler'',  in  1904,  first  described  the  benzidin  color  test  for  oc- 
cult blood,  and  it  is  the  method  as  essentially  described  by  them  that  is  posi- 
tive with  one  part  of  blood  in  a  dilution  of  one  to  one  hundred  and  fifty  thou- 
sand parts.  This  is  indeed  far  too  delicate  for  clinical  work,  and  was  so  modi- 
fied by  Schlesinger  and  Hoist''  as  to  be  much  less  delicate,  and  yet  more  sensi- 
tive than  any  of  the  other  blood  tests.  According  to  their  method,  a  saturated 
solution  of  benzidin  is  prepared  by  adding  a  knife-point  of  benzidin  to  2  c.c. 
of  glacial  acetic  acid  in  a  clean  test  tube.  This  solution  is  preferably  made 
fresh.  A  small  piece  of  fecal  material  is  stirred  in  a  small  test  tube  containing 
about  2  c.c.  of  water,  after  which  it  is  brought  to  the  boiling  point  to  destroy 
the  activity  of  enzymes.  The  benzidin  solution  is  diluted  about  three  times  with 
commercial  3%  hydrogen  peroxide.  Two  or  three  drops  of  the  boiled  feces 
suspension  are  transferred  to  about  3  c.c.  of  the  benzidin-acetic  acid-peroxide 
mixture.  The  presence  of  blood  is  soon  indicated  by  the  development  of  a 
beautiful  green,  blue-green,  or  blue  color. 

Dewis,  in  using  the  test,  remarks  concerning  the  question  of  enzymes  giving 
a  positive  reaction,  that  "in  22  specimens  of  stools,  10  benzidin  tests  were 
negative,  and  the  remainder  positive.  No  definite  green  color  change  was  found 
before  boiling,  that  was  absent  offer  boiling  the  specimen ;  but  in  nearly  all  the 
10  negative  tests,  color  change  was  wholly  absent  without  boiling,  proving  that 
enzymes  seldom,  if  ever,  interfere  with  the  benzidin  test  in  stools."  He  feels 
that  in  testing  gastric  contents,  it  would  be  safer  to  always  boil  first  as  directed 
in  the  test. 

Wagner',  in  1914,  recommended  the  so-called  "dry  test"  for  blood — a  test 
which  is  reliable  and  extremely  simple.  He  uses  as  reagent  a  knife-point  of 
benzidin  (powdered) — an  amount  the  size  of  a  match  head — 2  c.c.  of  glacial 
acetic  acid,  and  20  drops  of  a  37^  solution  of  hydrogen  peroxide.  A  few  drops 
of  this  mixture,  poured  over  a  little  of  the  solid  feces,  on  a  clean  glass  slide, 
will  produce  a  greenish-blue  fading  color  if  positive.  \\'e  have  found  it  most 
convenient  to  pick  up  a  particle  of  fecal  material  the  size  of  a  match  head  on 
the  end  of  a  toothpick  and  spread  it  out  somewhat  on  a  microscopic  slide. 
Viewed  against  a  white  background,  the  green  color  stands  out  strikingly  well. 
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It  appears  within  five  or  ten  seconds,  and  persists  a  minute  or  more.  The 
hydrogen  peroxide  need  be  only  roughly  two-thirds  the  amount  of  glacial 
acetic  acid,  and  the  latter  only  approximately  1  c.c.  The  only  apparatus  re- 
quired is  a  short  test  tube  for  mixing  the  benzidin,  acetic  acid  and  hydrogen 
peroxide,  and  a  medicine  dropper.  One  or  two  drops  of  reagent  mixture  suf- 
fices. It  should  be  freshly  prepared,  but  the  solution,  or  rather  suspension, 
remains  good  for  two  or  three  hours.  In  lieu  of  a  glass  slide  any  wdiite  glazed 
paper  will  sufiice, — a  calling  card  does  very  well.  If  paper  is  used  there  is 
nothing  to  clean  up  afterwards. 

As  regards  accuracy  and  delicacy  of  reaction,  when  several  months  ago 
we  first  started  to  employ  this  test,  it  was  with  the  assumption  that,  the  benzi- 
din test  being  more  delicate  than  the  guaiac,  a  negative  benzidin  would  cer- 
tainly indicate  absence  of  occult  blood,  whereas,  a  positive  test  should  be 
checked  up  by  a  guaiac  test.  This  procedure  was  carried  out  for  some  time; 
and,  even  when  doing  a  guaiac  test  on  all  stools  positive  by  benzidin  tests,  much 
less  time  was  consumed  than  was  formerly  done  in  doing  guaiac  tests  only.  Al- 
most invariably,  positive  benzidins  were  accompanied  by  positive  guaiacs.  In 
the  few  cases  in  which  negative  guaiacs  were  obtained,  by  careful  "playing" 
with  the  guaiac  test  (varying  the  proportions  of  the  components)  a  definite 
and  strongly  positive  guaiac  was  always  obtained.  We  found  that  varying  the 
amount  of  guaiac,  or  of  hydrogen  peroxide  frequently  made  a  negative  guaiac 
become  positive  to  correspond  with  a  positive  benzidin.  With  attention  to 
these  points,  then,  the  guaiac  and  benzidin  tests  almost  always  agree,  and  it 
was  concluded  that  inasmuch  as  the  guaiac  test  has  more  variables  which  ap- 
pear to  influence  its  reactivity,  any  discrepancy  between  the  two  tests  points 
to  the  guaiac  test  as  the  incorrect  one  until  it  can  be  proved  by  repetition  to 
be  otherwise.  A  negative  benzidin  test  is  more  reliable  evidence  of  the  absence 
of  blood  from  the  stools  than  is  a  negative  guaiac  test. 

The  question  is  frequently  raised  as  to  whether  meat  ingested,  or  muscle 
fibers  in  the  stool  will  give  a  positive  test  for  occult  blood.  Dewis  and  Cowie^ 
both  report  that  an  ordinary  meat  diet  rarely  gives  a  positive  Weber  test.  Cowie, 
however,  obtained  a  definitely  positive  guaiac  reaction  after  the  ingestion  of 
10  gm.  of  scraped  raw  meat,  but  none  from  lesser  amounts  of  meat.  Lewis 
conducted  a  similar  experiment  in  which  he  ingested  a  "hearty  evening  meal 
of  very  rare  roast  beef  for  two  days,  other  meals  being  meat  free."  On  the 
four  succeeding  days  he  limited  his  diet  to  eggs,  salt  codfish,  potatoes,  oatmeal, 
fish  cakes,  fresh  mackerel,  baked  beans,  bread,  butter,  tea  and  coffee.  Twenty- 
four  hours  after  the  second  meat  ingestion,  both  Schlesinger  and  Hoist's  ben- 
zidin test  and  Weber's  guaiac  test  w^ere  strongly  positive.  The  benzidin  test 
remained  positive  after  the  fecal  susjjcnsion  had  been  lioiled.  After  forty- 
eight  hours,  the  benzidin  test  (lioth  boiled  and  unboiled)  remained  positive, 
while  the  Weber  test  had  become  negative.  (  )n  the  ihiid  day  the  ben/idin  test 
was  i)ositive  (unboiled)  and  iic^alixc  (boiled),  while  the  guaiac  remained 
negative.  On  the  fourth  day  after  rare  beef  ingestion,  hoth  benzidin  and  guaiac 
tests  were  negative.  This  series,  besides  demonstrating  that  if  suHicienl  rare 
meat  be  ingested  a  positive  test  for  occult  blood  will  result,  also  shows  \ery  well 
the  relative  sensitiveness  of  the  two  tests  employed. 
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In  contrast  to  this  is  Medical  case  No.  5811,  Peter  Bent  Brigham  Hospital, 
a  man  admitted  with  a  diagnosis  of  pernicious  anemia,  but  who  on  thorough 
examination  showed  many  additional  symptoms,  chiefly  gastrointestinal,  which 
complicated  greatly  the  diagnosis.  Of  thirteen  stools  examined,  all  gave  a 
negative  benzidin  test  (Wagner),  but  showed  large  amounts  of  fat  and  many 
undigested  muscle  fibers  on  microscopic  examination.  The  meat  eaten,  how- 
ever, was  not  very  rare.    A  characteristic  stool  was  as  follows : 

December  28,  1916. 
Stool:  Gray,  unformed,  past}',  shiny.  No  macroscopic  blood,  mucus  nor  parasites.  Micro- 
scopic: Numerous  sheaths  of  fatty  acid  crystals  and,  after  heating  with  acetic  acid, 
numerous  fat  droplets  and  needle  crystals.  Numerous  muscle  fibers  with  striations 
well  preserved.  No  starch  granules.  No  pus  or  ova.  Bile  -f  (HgCl.  test).  Ben- 
zidin:   Negative  (Dr.  Koefod). 

Medical  case  No.  5377,  a  case  typically  pernicious  anemia,  and  with  inter- 
mittent attacks  of  diarrhea  shows  very  well  the  fact  that  Wagner's  benzidin 
test  does  not  react  positively  to  either  muscle  fiber  or  pus : 

September  30. 

Stool:  Thin,  brown,  semisohd.  No  macroscopic  blood,  pus  or  parasites.  A  >nicroscopic 
search  revealed  no  parasitic  ova.  No  starch  nor  fat  globules.  No  muscle  fibers. 
Giiaiac  test,  negative. 

October  3. 

Stool:  Brown,  watery,  no  macroscopic  blood  or  pus.  No  segments  of  worms.  Microscopic 
examination  reveals  no  ova  or  segments — no  meat  fibers.  No  blood.  Much  pus. 
Gttaiac  test,  negative. 

October  6. 
Stools:  The  last  eight  stools  showed  negative  benzidin  test,  and  on  microscopic  examina- 
tion, no  pus  or  parasitic  ova,  but  many  meat  fibers. 

October  8. 
Stools:  Of  four  stools  examined,  two  are  unformed  and  two  fluid.     Two  show  some  macro- 
scopic mucus.     Color  golden  yellow  brown.     Microscopic  examination  shows  very 
many   leucocytes   in   two   of   the    four   stools.     Benzidin   test,   negative   on   all    four 
stools. 

October  10. 
Stools:    (Oct.  8,  9.  10)     Pus  in  one  of  four  stools.     This  is  the  only  stool  that  has  shown  a 
positive  benzidin  test. 

October   11. 

Stool  :  Brown,  semisolid,  no  macroscopic  blood,  pus,  or  segments.  No  microscopic  blood 
or  ova.  Very  few  meat  fibers.  Considerable  pus.  Some  phosphates.  Giiaiac  nega- 
tive. 

October  17. 
Stool:   Semisolid,   normal   brown.      No   macroscopic   blood,    pus   or   parasites.     Microscopic 
examination,  few  red  cells,  otherwise  negative.    Benzidin,  plus. 

November  6. 
Stool  :   Fluid  brown,  much  thick  mucus.     One  small  blood  streaked  spot.     No  other  gross 
abnormality.      Microscopically,   blood    cells    and    epithelial    cells — nothing    else    ab- 
normal.    Careful  search   for  ova  and   segments  revealed  none.     Benzidin,  strongly 
positive. 

November  8. 
Stool:  Fluid,  dark  brown,   foul-smelling.     Much  thin  mucus.     No   macroscopic  blood,  pus, 
or  parasites.    Benzidin,  negative. 
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Xoz'ciiibcr  17. 

Stool  :   Fluid,  chocolate  colored,  no  gross  abnormality.       Microscopically,  nothing  abnormal 
seen.     Bcuzidin  and  gitaiac,  positive. 

Dewis  found  that  with  the  Schlesinger-Holst  benzidin  test  the  following 
substances  when  tested  directly  reacted  positively :  raw  green  vegetables 
(slight)  ;  raw  wheaten  flour,  corn,  oatmeal,  potatoes,  carrot,  parsnips,  and 
squash.  When  cooked,  all  of  these  were  negative.  All  meats,  cooked  and  un- 
cooked, gave  positive  benzidin  test.  Raw  fish,  fresh,  dry  and  pickled,  and  shell 
fish  gave  a  positive  reaction,  which  became  much  weaker  after  cooking.  After 
ingestion  of  fish,  the  stool  was  usually  negative,  although  sometimes  positive 
after  fresh  fish.  Eggs  were  negative.  Blaud's  pills  were  quickly  positive,  but 
after  ingestion  of  thirty  grains  daily  there  was  no  positive  reaction  in  the 
stools. 

With  \\'agner"s  test,  we  have  found  that  thoroughly  cooked  meat  still  reacts 
positively,  whereas  cooked  vegetables  (potatoes,  carrots,  tomatoes)  are  nega- 
tive. Blaud's  pills,  tincture  of  ferric  chloride,  bismuth  subnitrate,  potassium 
iodide,  extract  of  cascara  sagrada,  compound  cathartic  pills,  and  A  B  &  S 
pills,  all  reacted  negatively,  when  treated  directly  with  the  reagent  mixture. 
The  pills  were  all  crushed  previous  to  testing. 

As  the  test  is  applied  to  urine  examination,  urine  containing  red  blood 
cells,  whether  it  be  bloody  or  merely  smoky,  reacts  positively,  whereas,  if 
there  be  pus  alone,  no  green  color  is  produced. 

Since  Wagner's  dry  method  was  instituted,  Doctors  Golden,  Barrows,  Koe- 
fod,  and  myself  have  used  it  on  over  eight  hundred  cases,  with  entire  satisfac- 
tion. Probably  the  benzidin  test  is  more  delicate  than  the  guaiac  test,  and  it  may 
react  when  a  guaiac  test  definitely  will  not ;  but  it  is  well  demonstrated  that, 
for  clinical  purposes,  its  reliability  and  greater  ease  of  execution  make  it  pre- 
ferable to  the  guaiac  tests,  and  a  negative  benzidin  test  is  more  reliable  evi- 
dence of  the  absence  of  blood  from  the  stool  than  is  a  negative  guaiac  test. 

Gregersen",  of  Copenhagen,  reported  in  1916  an  exhaustive  series  of  tests 
for  occult  blood  in  the  stools.  He  finds  the  test  positive  in  practically  all  of 
the  stools  of  cancer  patients,  positive  in  some  stools  of  ulcer  cases ;  but  never 
constantly  positive  in  the  same  patient;  and  constantly  negative  in  uncompli- 
cated chronic  gastritis,  achylia,  colitis,  simj^le  dyspepsia  and  constipation,  gall 
stones,  cardiac  disease,  edema,  ascites,  nephritis,  and  hepatic  cirrhosis.  In  all 
of  his  work  he  states  that  he  has  relied  on  the  Wagner  benzidin  test  as  the  most 
sensitive  and  reliable  method. 

Groat, ^"  in  1913,  published  in  the  Journal  of  the  .lincrican  Medical  .Isso- 
ciation  a  benzidin  test,  nearly  as  simple  as  the  Wagner  incthod,  in  which  the 
feces  were  suspended  in  water,  and  barium  dioxide  was  used  instead  of  hydrogen 
peroxide. 

A  slight  variation  of  Wagner's  test  (Dudley  Roberts'  test")  is  now  being 
placed  on  the  market  in  a  very  usable  form  liy  v^(|tiil)l)  and  Sons.  This  is  de- 
scribed in  the  Journal  of  flic  /liiicriraii  Medical  .  Issociulion .  September  16. 
1916,  as  follow^ s  :  "This  consists  of  labkis  each  containing  5  grains  of  a  tritu- 
ration of  benzidin.  1  part,  and  so<lium  perborate  20  parts,  and  glacial  acetic 
acid   (supplied  in  boxes  containing   100  tablets  in   \ials,  and  a  bottle  of  glacial 
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acetic  acid).  A  tablet  is  placed  in  a  small  saucer  or  other  suitable  container; 
to  it  is  added  a  quantity  of  the  material  to  be  tested  (a  weak  solution  of  the 
stool  or  stomach  contents  or  urine),  sufficient  to  wet  thoroughly,  but  not  to 
cover  the  tablet  entirely,  and  then  a  drop  or  two  of  the  acetic  acid  is  allowed 
to  fall  on  the  tablet;  if  blood  is  present,  the  tablet  will  turn  greenish  blue,  the 
extent  of  the  coloration  and  the  time  of  its  development  depending  upon  the 
amount  of  blood  present.  (To  avoid  contamination  of  the  glacial  acetic  acid 
remaining  in  the  bottle,  care  should  be  taken  not  to  touch  the  tablet  or  specimen 
with  the  rod  which  is  used  to  transfer  the  acetic  acid  for  the  test.)" 

The  cooperation  of  the  attendants  of  a  patient  in  the  procuring  of  a  stool 
specimen  is  perhaps  more  spontaneous   if  the  physician  leaves  with  them  the 
means  of  easily  obtaining  it.     Very  good  for  this  purpose  is  one  of  the  ordinary   J 
wooden   tongue   depressors. — to   be   used   as   a    spatula — and    a    small    porcelain    * 
ointment  or  salve  jar  with  metal  screw  cap. — as  a  container. 

CONCLUSIONS. 

The  \\  agner  benzidin  test  for  occult  blood  is  recommended  on  account  of 
its  ease,  rapidity,  and  comparative  cleanliness  in  execution,  and  on  account 
of  its  reliability. 

As  carried  out,  this  benzidin  test  is  not  too  delicate   for  clinical  use. 

A  negative  benzidin  test  is  more  reliable  evidence  of  absence  of  blood  than 
is  a  negative  guaiac  test. 

Meat  fibers,  pus,  and  the  usual  drugs  and  foods  ingested  do  not  interfere 
with  the  reaction.  The  ordinary  hospital  diet,  with  meat,  gives  a  negative  re- 
action ;  but,  if  sufficient  quantities  of  rare  meat  be  taken,  the  stool  reaction 
may  become  definitely  positive. 
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EDITORIALS 


The   Relation  of  Body   Surface    to    the   Basal   Metabolism 

of  the  Body 

THE  observations  that  small  animals  require  a  greater  amount  of  food  than 
do  larger  ones  of  the  same  species,  and  that  children  demand  a  greater  food 
sup[)ly  than  adults,  has  led  to  much  speculation  as  to  what  determines  the  energy 
requirements  of  the  body.  Years  ago  Rubner  furnished  experimental  data  which 
apparently  proved  that  the  relative  metabolism  of  all  mammals  when  reduced  to 
i terms  of  surface  area  was  almost  alike.  If  the  body  surface  bears  a  casual  re- 
lationship to  the  energy  requirements  of  the  body,  the  rate  of  cooling  must  be 
the  determining  factor.  It  can  hardly  be  that  such  a  relationship,  if  it  does  ex- 
ist, can  be  casual,  fur  the  amoiuit  of  heat  lost  through  llir  lungs  is  considerable, 
and  Rubner's  law  fails  to  lake  consideration  of  this. 

Nevertheless,  for  years  the  standard  textbooks  of  ])hy-iology  ha\e  taught 
that  such  a  relationship  exists,  and  that  the  nu'tabolism  o\  the  resting  individual 
is  proportional  to  the  surface  area  and  not  to  tlu'  body  weight.  Recent  investiga- 
tions of  the  metaJjolism  of  the  body  under  comlitioiis  which  give  the  lowest  pos- 
sible rate  of  energy  consunqdion    (nasal   metabolism)    ha\e  awakened  a  new  in- 
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terest  in  the  application  of  Rubner's  law.  If  such  a  law  correctly  expresses  the 
relative  metabolism,  a  fixed  figure  repre's'enting  the  caloric  output  per  hour  and 
per  square  meter  of  body  surface  for  normal  people  should  furnish  a  valuable 
index  for  comparison  with  figures  obtained  similarly  in  cases  of  patients  suffering 
from   pathological   conditions. 

The  observations  of  a  number  of  investigators  indicate  that  the  average 
basal  metabolism  of  adults  in  normal  health  amounts  to  about  forty  calories  per 
liour  and  per  square  meter  of  body  surface.  This  figure  represents  the  average 
basal  metabolism  found  in  a  large  number  of  determinations  in  which  the  sur- 
face area  of  the  body  was  most  carefully  estimated,  and  serves  as  a  normal 
control  for  practically  all  the  recent  work  on  metabolism  in  disease.* 

AMiile  it  is  no  doubt  true  that  the  metabolism  of  the  body  varies  more 
nearly  directly  with  the  body  surface  than  with  the  body  weight  in  norm.al 
adults,  in  infants  Benedict  and  Talbot'-  failed  to  confirm  the  law.  Murlin  and 
Hoobler-  although  not  agreeing  with  the  conclusion  of  the  above  authors,  con- 
clude that  there  is  no  good  reason  for  estimating  the  food  requirements  of  the 
infant  on  the  basis  of  surface  area  rather  than  on  the  basis  of  weight. 

Recently  Benedict^  has  added  some  very  interesting  observations  on  the 
changes  occurring  in  the  metabolism  of  a  man  during  a  fast  of  thirty-one  days. 
By  adapting  the  principles*  of  body  surface  measurement  so  admirably  worked 
out  by  DuBois  and  Du  Bois,^  he  was  able  to  compute  the  surface  area  of  a  man 
whom  he  previously  had  thoroughly  studied  during  a  long  fast,  from  a  series 
of  photographs  taken  at  regular  periods  during  the  period  of  starvation.  The 
surface  area  thus  obtained  allowed  him  to  recalculate  the  metabolism  of  the  man 
in  terms  of  surface  area  and  calories  per  hour.  He  found  that  during  the  fast 
the  metabolism  decreased  twenty-eight  per  cent.  He  believes  that  this  furnishes 
proof  of  the  inapplicability  of  the  surface  area  law  when  applied  to  subjects 
with  widely  varying  states  of  nutrition,  and  concludes  that  a  normal  figure  ob- 
tained from  a '  large  number  of  healthy  subjects  does  not  furnish  a  correct 
standard  for  comparison  witli  that  obtained  in  cases  where  there  is  a  marked 
emaciation  as  in  diabetes. 

In  this  individual  he  failed  to  find  any  relationship  between  heat  production 
and  surface  area,  and  again  affirms  his  belief  that  the  active  mass  of  protoplas- 
mic tissue  rather  than  the  surface  area  is  one  of  the  greatest  factors  in  deter- 
mining the  metabolic  activity  of  an  animal. 

It  may  be  as  Benedict  and  Talbot  suggest,  that  the  active  mass  of  proto- 
plasmic tissue  develops  proportionally  to  the  body  surface,  and  that  therefore  in 
normal  individuals  the  body  surface,  while  in  no  way  determining  the  metabol- 
ism of  the  body,  affords  a  measure  of  that  factor  which  does  play  the  major  role 
in  determining  the  body  requirements. 
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ORIGINAL  ARTICLES 


CALCIUM  SULPHID,  AS  THE  CHEMICAL  AND  CLINICAL  ANTIDOTE 

FOR  MERCURIC  CHLORID  POISONING,  WITH  EXPERIMENTS 

AND  CASE  REPORTS* 


By  J.  H.  Wilms,  M.D.,  Cincinnati,  Ohio. 


AN  effective  antidote  should  render  a  poison  innocuous.  A  chemical  com- 
pound has  an  antidotal  action  when  its  elements  are  loosely  enough  com- 
bined, that  upon  coming  in  contact  with  another  chemical  compound  in  the 
human  body,  their  elements  have  so  great  an  affinity  that  new  compounds  are 
formed  which  are  inert.  Once  this  union  takes  place  the  tissues  are  relieved 
of  the  destructive  elements  of  the  poison,  and  regenerate  and  resume  their  physio- 
logical function.  It  has  often  been  claimed  that  an  organ,  once  damaged,  can- 
not regenerate.  This,  however,  has  been  disproved  by  the  following  experi- 
ments : 

My  first  experiment  demonstrated  to  me  that  a  clinical  as  well  as  chem- 
ical antidote  has  been  found  in  calcium  sulphid.  This  has  been  verified  in  re- 
peated experiments  by  myself  and  others. 

A  hypothetical  explanation  may  be  found  in  the  following  simple,  approx- 
imately accurate  equation : 

CaS  +  HgCb,  =  CaCl.,  +  HgS. 

Mercuric  sulphid  (HgS)  and  calcium  chlorid  (CaClo)  thus  formed  are  two 
almost  inert  chemical  compounds.  This  is  the  test  tube  chemical  reaction  and 
forms  the  hypothesis  of  my  animal  experimentation. 

THE    METHOD   OF    POISONING   THE    .\.\IMAL    WITH    BICHLOKID    OF    MKKCL'KV. 

A  compressed  tablet  containing  mercuric  chlorid,  7.5  gr.  and  ammonium 
chlorid  7.7  gr.,  which  I  thought  was  the  most  insoluble  tablet  on  tiie  markc*, 
was  used.     It  was  so  hard  that  in  a  half  hour  it  would  not  begin  to  dissolve 
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in  a  half  pint  of  water  without  agitation.  Some  tablets  dissolve  in  a  half  minute 
in  the  same  amount  of  water,  and  dissolve  in  less  time  in  a  one  per  cent  hydro- 
chloric acid  solution. 

The  tablet  was  thrown  into  the  dog's  throat,  the  mouth  of  the  animal  be- 
ino-  held  wide  open.  At  times  the  tablet  would  be  swallowed  whole,  and  some- 
times chewed  and  then  swallowed.  The  variations  in  solubility  in  the  stom- 
achs of  the  different  dogs  were  as  follows : 

ANIMAL.  AMOUNT  OF  TABLET  VOMITED.  TIME   INTERVENING  BETWEEN   TAKING  AND 

VOMITING  PART  OF  TABLET. 

Dog  No.  1  1/3  tablet,    (2  gr.  HgCK)  5  minutes 

Dog  No.  2  .1  tablet,   (.75  gr.  HgCU)  16 

Dog  No.  3  None    (but  profuse   vomiting)  4 

Dog  No.  4  .1  tablet   (.75  gr.  HgCU)  3.5 

Dog  No.  5  1/3  tablet    (2  gr.  HgCl.)  3       || 

Dog  No.  6  None    (but  profuse  vomiting)  2.5 

Dog  No:  7  1/3  tablet  (2  gr.  HgCU)  4       " 
Average  solubility  6  gr.  HgCU  in  5  to  6  minutes. 

This  table  will  show  the  unusual  solubility  in  the  dogs'  stomach  of  the  very 
insoluble  tablets. 

In  the  experiments  which  follow^  the  dogs  received  no  antidote.  The  ex- 
periments show  the  extensive  destructive  action  of  bichlorid  of  mercury  in  dogs. 

EXPERIMENT  NO.   1. 

Nov.  2,  1915. — White  bull  terrier,  weight  16  lbs.     (No  antidote). 

One  tablet  of  bichlorid  of  mercury  {7.2)  grains)  ard  ammonium  chlorid  (7.7  gr.)  was 
thrown  down  the  dog's  throat.  Vomiting  commenced  in  a  few  minutes ;  severe  intestinal 
tenesmus  and  strangury  followed. 

Nov.  3,  1915. — Dog  was  listless. 

Nov.  4,  1915. — Dog  listless  and  lay  in  a  cramped  position. 

Nov.  6,  1915. — Dog  very  sick. 

Nov.  7,  1915. — Dog  found  dead. 

Postmortem. — Intestines  were  red  and  inflamed ;  stomach  contained  a  thick  coffee- 
colored  fluid,  a  round  ulcer  about  one  centimeter  in  diameter  was  found  on  the  anterior 
surface  near  the  pylorus;  submucous  clot-like  masses  were  found  about  the  pylorus,  varying 
in  size  from  two  to  five  millimeters  in  diameter.  The  duodenum  was  red  and  inflamed ; 
bile,  thick  and  gritty;  the  kidney  cortex  was  red  and  streaked;  the  medulla  nephrica  was  con- 
gested, proportion  cortex  one  to  medulla  three ;  red  fluid  in  the  calices.  Chest. — Both  lungs 
hepatized.  Heart. — Ulcer  on  the  visceral  layer  of  the  pericardium  over  the  terminals  of  the 
coronary  vessels ;  pericardium  thickened.  Myocardium  inflamed  ;  musculi  pectinati  markedly 
inflamed;  subendocardial  ecchymoses  in  both  ventricles;  esophagus  inflamed. 

EXPERIMENT   NO.   2. 

May  12,  1916. — Small  white  dog,  15  lbs.   (No  antidote). 

4:35  p.  M.     A  7.3  gr.  bichlorid  of  mercury  tablet  thrown  down  dog's  throat. 

4:37  p.  M.  Slight  blood-stained  vomiting  was  followed  by  a  frequent  vomiting  of  thick, 
yellow,  glary  mucus. 

May  15,  1916. — Dog  found  dead  in  the  afternoon.  Postmortem  findings  similar  to  those 
of  Experiment  No.  1.     (Specimens  were  used  for  chemical  analysis.) 

EXPERIMENT  NO.  3. 

May  16,  19 16. — Yellow  setter,  40  lbs.  (No  antidote). 

4:56  p.  M.     A  7.Z  gr.  tablet  bichlorid  of  mercury  thrown   down  throat. 

4:56.75  p.  m.     Dog  restless. 

4:57.5  p.  M.     Dog  licks  chops. 

4:58.5  p.  M.     Nausea. 


ANTIDOTE   FOR    MERCURIC    CHLORID   POISONING  447 

4:59  p.  M.  \'omiting  and  violent  straining;  vomitus  cruentus ;  stringy  and  tenacious 
mucus  vomited  in  large  quantities. 

5  P.  M.     Vomited  1/3  of  tablet. 

5:01  P.  M.     Readministcred  the  piece  of  tablet. 

5  :02  p.  M.    Vertigo  ;  very  sick. 

May  20.  igi6. — Dog  killed  for  specimens. 

Postmortem  revealed  similar  condition  to  first  experiment  with  the  exception  that  the 
stomach  was  very  much  corroded.     (Specimens  used   for  chemical  analysis.) 

EXPERIMENT  NO.  4. 

This  experiment  will  show  that  enough  mercury  is  vomited  and  excreted  to  poison  an- 
other dog. 

A  medium-sized  dog  was  placed  in  the  cage  which  had  been  occupied  by  the  dog  in 
Experiment  Xo.  7.  The  dog  died  six  days  after  being  placed  in  the  cage,  after  showing  symp- 
toms of  mercury  poisoning:  i.e.,  vomiting  and  diarrhea. 

Postmortem. — Pregnant  bitch;  lungs,  hypostatic  pneumonia;  duodenum,  inflamed  and  ex- 
tensive ecchymoses  of  the  submucosa.  Stomach  inflamed  and  ecchymosed  submucosa.  Bile 
dark.  Kidneys  swollen,  dark  red,  capsule  peels  off^,  edges  pout  when  cut.  Cecum  and  ascend- 
ing colon  contain  many  pin-head  ulcers.  Heart  contained  a  fatty-looking  thrombus  that  was 
attached  to  the  walls  of  both  ventricles. 

After  this  experiment  we  saw  that  it  was  necessary  to  antidote  the  cages 
and  all  the  other  animals,  in  the  laboratory,  with  calcium  sulphid.  This  ac- 
counted for  the  death  of  several  dogs  that  had  died  of  chronic  mercurialism. 

The  following  experiments  will  show  the  effect  of  the  antidote,  calcium 
sulphid,  on  the  dogs  that  received  bichlorid  of  mercury. 

EXPERIMENT  NO.  5. 

Oct.  i6.  1915. — A  good  sized  dog,  about  20  lbs.  in  weight,  with  a  brown  woolly  coat. 
4  p.  M.  one  tablet  containing  7.3  gr.  of  bichlorid  of  mercury  and  7.7  gr.  chlorid  of  ammonia 
was  given  per  mouth.  In  a  few  minutes  the  dog  vomited.  This  was  followed  by  frequent 
vomiting  and  rectal  tenesmus. 

Oct.  18,  1915. — Dog  thin  and  sick;  bloody  diarrhea.  Forty-eight  hours  after  receiving 
bichlorid  of  mercury,  with  no  antidote  in  the  interim,  a  solution  of  calcium  sulphid  which  had 
been  boiled  and  filtered  through  cotton  (7.5  grains  CaS  to  7.5  ounces  of  tap  water)  was  ad- 
ministered intravenously. 

Oct.  20,  1915. — Dog  much  improved. 

Oct.  30,  1915. — Dog  well  and  lively. 

Nov.  4,  1915. — Dog,  playful,  looks  clean  and  has  a  healthy  glossy  coat. 

Nov.  8,  1915. — Dog  very  lively. 

Nov.  17,  1915. — Unusually  lively. 

Nov.  29,  191 5. — Reported  the  experiment  to  the  Cincinnati  .\cadcmy  of  Medicine  and 
presented  the  dog. 

Dec.  2,  1915. — Killed  the  dog  by  bleeding. 

Postmortem. — Dog  well  nourished  and  fat.  Tissues  healthy  in  appearance.  Kidneys 
clear  and  normal  microscopically.  Liver  paler  than  normal  (due,  perhaps,  to  the  hemor- 
rhage).    Bile  thin  and  amber-colored.     Stomach  and  intestines  normal. 

I  EXPERIMENT  NO.  6. 

March  31,  1916. — White  dog,  mongrel,  weight  19  lbs. 

4:13.5  P.  M.     7.3  grs.  bichlorid  of  mercury  tablet  per  moutli. 
1  4:15  p.  M.     Restless. 

!  4:16  p.  M.     Straining,  urinated  profusely;  dark  colored  urine. 

4:17  p.   M.     Vomiting   thick  tenacious   mucus. 

4:18.5  p.    M.     Violent  retching;   vomitus  bile-stained. 

4:27  p.  M.     Vomitus  cruentus. 

4:28  p.  M.     Bowels  moved. 
I  4:29  p.  M.     Straining  to  stool;  rectal  tenesmus;  a  small  piece  of  tablet  vomited,  which 

\vas  readministered. 
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April  I,  /p/d.— Dog  very  sick  and  listless. 

April  2,  1916. — 10  A.  M.     So  very  sick,  dog  was  expected  to  die. 

4  p.  M.  Antidote,  a  solution  of  calcium  sulphid,  7.5  gr.  to  7.5  ounces  of  water,  the 
solution  boiled  and  filtered  through  cotton,  was  administered  intravenously.  About  an 
ounce  of  the  solution  was  lost  during  the  operation.  While  injecting  the  antidote  the  dog 
made  several  gasps. 

April  4,  igi6. — Dog  much  improved. 

April  6,  igi6. — Dog  apparently  normal. 

April  28,   igi6. — Dog  normal   and   lively. 

June  6,  1916. — Dog  killed. 

Postmortem. — All  organs  macroscopically  normal.  Mr.  R.  A.  White,  curator  of  the 
laboratory,  and  several  pathologists  examined,  microscopically,  specimens  of  the  kidneys  and 
reported  normal  kidneys. 

EXPERIMENT   NO.   7. 

April  8,1916. — Black  water   Spaniel. 

3:53.5  p.   M.     One  tablet  bichlorid  of  mercury    (7.3  grains)    administered  by  mouth. 

3 :57  p.  M.     Vomited. 

3:58  p.  M.     Blood-stained  vomitus. 

4:08  p.  M.     Rectal  tenesmus  and  stool. 

April  9,  1916. — Dog  very  sick. 

April  10.  1916. — Dog  lies  quietly. 

April  II,  1916. — 4  P.  M.  7Z  hours  after  receiving  the  bichlorid  of  mercury,  the  antidote 
was  administered  intravenously  (a  solution  of  calcium  sulphid,  7.5  grains  in  7.5  ounces  of 
water,  boiled  and  filtered   through  cotton). 

April  14.  1916. — Dog  died  some  time  during  the  night. 

Postmortem. — Lungs,  double  pneumonia.  Pericardium  thickened.  Heart  contained 
large  fatty-looking  thrombus,  attached  to  the  right  ventricular  wall.  The  left  ventricle 
showed  subendocardial  and  myocardial  ecchymoses.  The  stomach  mucous  membrane  was 
ulcerated,  involving  the  whole  lesser  curvature.  Esophagus  pale.  Small  intestine  had  many 
ulcers ;  large  intestines  had  ecchymoses  and  bloody  stool.  Kidney,  cortex  yellow,  left  kid- 
ney markedly  congested;  liver  congested,    (venous).     Bile,  dark  and  thick. 

EXPERIMENT    NO.    8. 

April  20,  1916. — Hound. 

3  :44  P.  M.     7.2)  grains  of  bichlorid  of  mercury  tablet  administered  b\'  mouth. 

3:47.5  p.  M. — Vomiting;  a  small  piece  of  tablet  vomited  which  was  readministered  per 
OS.     This  was   followed  hy  frequent  vomiting  of  tenacious  and  glary  mucus. 

3 :53  p.  M. — Rectal  tenesmus. 

3:54  p.  M.     Strangury   and   rectal   tenesmus. 

April  22,  1916. — 4  p.  M.  Solution  of  7.5  gr.  calcium  sulphid  in  7.5  oz.  water  was 
administered   intravenously,   into   the   external    jugular   vein. 

April  23,  1916. — Dog  not  so  well  as  others. 

April  24,  1916. — No  improvement. 

April  25,  1916. — ^Dog  looks  very  sick. 

April  26,  1916. — Bloody  stool. 

April  28,  ip/d.— Stool  bloody. 

April  30,  1916.— Dog  died  during  night. 

Postmortem. — Dog  emaciated,  bloody  stool.  Stomach  dilated  and  inflamed ;  contained 
a  brownish-green  fluid ;  inflammation  and  ecchymoses  of  the  rugse.  Duodenum  inflamed. 
Gall-bladder  thickened  and  bile  thick.  Lungs  somewhat  congested.  Heart  contained  a  fatty- 
looking  thrombus  attached  to  the  walls  of  the  right  ventricle. 

Later  is  was  discovered  that  the  calcium  sulphid  used  in  this  and  experi- 
ment No.  7  was  an  old  stock  solution  which  had  been  in  the  laboratory  for 
some  time,  and  had  lost  most  of  its  sulphur.  Since  sulphur  is  the  active  agent 
in  the  antidote,  the  solution  was  of  very  little  value.  This  was  borne  out  by 
a  number  of  experiments,  in  which  the  same  solution  was  used. 

\\'ilhelm  Ostwald  gives  the  following  explanation  showing  the  chemical 
change 'in  the  old  solution.     "The  salt       ....     is  only  very  slightly  soluble 
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in  water,  but  is  decomposed  on  being  warmed  for  some  time  with  it,  calcium 
hydrosulphide  passing  into  solution  and  calcium  hydroxide  remaining  behind : 
2  CaS  +  2  HoO  =  Ca(H-S),  +  Ca(OH),." 

EXPERIMENT    NO.    9. 

May  12,  igi6. — Large  dog,  setter. 

4:25  p.  M.     A  7.Z  grains  tablet  bichlorid  of  mercury  given  per  mouth. 

4:28  p.  M.  Vomiting.  1/3  of  tablet  found  in  vomitus.  This  piece  v/as  readmin- 
istered.     This  was  followed  by  frequent  vomiting. 

4:42  p.  M.     Stool.     Rectal  tenesmus. 

4:47  p.  M.     Blood  streaked  vomitus. 

May  14,  IQ16. — 4:25  p.  m.  Antidote,  7.5  grains  calcium  sulphid  in  7.5  oz.  water,  after 
being  boiled   and   filtered,   injected   intravenously. 

May  16,  1916. — Dog  lively. 

May  18,  igi6. — Dog  apparently  well. 

May  24,  igi6. — Steady  gain  in  weight. 

June   6,   1916. — Dog   killed. 

Postmortem. — Dog  well  nourished  and  fat.  Organs  appeared  to  be  normal.  Kidneys- 
examined  microscopically  by  Mr.  R.   A.  White  and  pronounced  normal. 

This  experiment  was  done  to  test  the  stability  of  the  oily  suspension  of 
calcium  sulphid,  and  it  proved  to  be  as  unstable  as  the  watery  solution.  The 
same  preparation  was  used  2  weeks  later,  and  the  dog  it  was  used  on  died  of 
clonic  convulsions  in  about  two  hours  and  a  half  after  it  received  the  injection. 

EXPERIMENT   NO.    10. 
July  I/,  igi6. — 9:05  a.  m.     7.5  grains  of  HgCU  administered. 

3:45  p.  M.  Calcium  sulphid  given  intravenously,  7.5  grains  to  one  ounce  of  sweet 
almond  oil. 

The  dog   steadih-   improved. 

Aug.  JO,  igi6. — The  dog  is   fat  and  healthy. 

SUMMARY    OF    THESE    EXPERIMENTS 

Dog  of  Ex.  5.  48  hour  antidote,  recovered. 

Dog  of  Ex.  6,  48  hour  antidote,  recovered. 

Dog  of  Ex.  7,  72  hour  antidote  (old  calcium  sulphid  solution),  death  on 
6th  day. 

Dog  of  Ex.  8,  48  hour  antidote  (old  calcium  sulphid  solution),  death  on 
10th  day. 

Dog  of  Ex.  9,  48  hour  antidote,  recovered. 

Dog  of  Ex.   10,  6  hour  antidote    (CaS  in  oil).     Recovered. 

These  experiments  showed  to  me  so  clearly  the  value  of  calcium  sulphid 
as  an  antidote   for  mercuric  poisoning  that  demonstrations  were   discontinued. 

The  object  of  the  following  experiment  is  to  show  the  effect  of  mercuric 
sulphid,  when  administered  by  mouth. 

EXPERIMENT     NO.    11. 

May  8,  igi6. — 3:30  v.  m.  .\  solution  of  7.5  grains  of  bichlorid  of  mercury  was  mixed 
with  7.5  grains  of  calcium  sulphid  in  a  test  tube  and  the  resulting  solution  was  thrown  down 
a  dog's  throat.  No  symptoms  developed,  with  the  exception  of  a  slitiht  vertigo,  which  may 
not  have  been  the  result  of  this  solution. 

May  24,  igi6. — Dog  very  well  and  lively,  having  shown  no  symptoms   at  any  time. 

May  SI,  igi6. — Dog  used  for  other  experimental  purposes.     No  symptoms  were  present. 

1  The  following  experiment  was  performed  to  determine  the  immediate  eftccL 

I  of  introducing  a  calcium   sulphid   solution   intravenously. 
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EXPERIMENT   NO.    12. 

Oct.  12,  igi3. — A  rabbit  received  intravenously,  one  grain  of  calcium  sulphid  to  one 
ounce  of  water,  and  showed  no  immediate  symptoms. 

Oct.  i6,  1913. — Rabbit  normal 

Oct.  so,  79/5.— 'Rabbit  normal. 

Nov.  9,  1915. — Rabbit  died,  after  receiving  a  dip. 

Postmortem. — Animal  thin  and  emaciated.  Abdominal  and  thoracic  cavity  negative. 
It  is  hardly  possible  that  the  calcium  sulphid  was  the  cause  of  the  rabbit's  death. 

The  foUow^ing  is  a  resume  of  experiments  performed  by  Mr.  Frank  Mal- 
taner,  M.A.  of  the  laboratory  of  the  Cincinnati  Board  of  Health,  to  verify  my 
experimental  work  with  calcium  sulphid.  These  experiments  were  done  at  the 
instigation  of  Dr.  J.  H.  Landis,  Health  Officer  of  the  city  of  Cincinnati.  Quot- 
ing Mr.  Maltaner: — 

"notes   on   the   effect  of   BICHLORID  of   mercury  on    rabbits,   AND  THE  VALUI; 
OF    THE    CALCIUM     SULPHID    ANTIDOTE    USED    ON     THESE)    ANIMALS. 

"Administration  of  the  Poison. — The  chemically  pure  bichlorid  of  mercury 
w-as  filled  into  gelatin  capsules  and  forced  down  the  animal's  throat.  After 
taking  a  lethal  dose  of  the  poison,  the  animals  refused  to  eat  or  drink.  Pro- 
fuse defecation  usually  occurs,  followed  after  about  two  hours  by  more  or 
less  diarrhea.  There  is  continued  refusal  of  food  and  diarrhea  and  gradual 
loss  of  weight,  followed  by  death  in  from  several  hours  to  four  days. 

"Examination  of  the  cadaver  shows  usually  some  fluid  in  the  peritoneal 
cavity  (not  constant).  The  lungs  sometimes  show  acute  inflammatory  areas. 
The  veins  of  the  peritoneum,  stomach,  mesentery,  and  heart  are  injected.  The 
small  intestine  has  a  greyish,  metallic  color  and  putty-like  consistency.  The 
kidneys  show  more  or  less  swelling,  and  are  greyish  w^hite  in  color  and  em- 
bedded in  an  extensive  fatty  capsule.  The  spleen  is  small  and  metallic.  The 
stomach  is  large  and  tense,  and  the  inner  coating  is  much  inflamed  and  corroded. 

"Mercury  was  detected  in  the  heart,  liver,  spleen,  kidney,  blood,  and 
urine.  Mercury  was  also  detected  in  the  blood  drawn  from  the  marginal  vein 
of  the  ear,  15  minutes  after  the  administration  of  the  bichlorid  by  mouth. 

"The  lethal  dose  of  the  bichlorid,  when  administered  by  mouth,  proved 
to  be  .25  grain  per  pound  of  animal.  This  dose  invariably  killed  in  from  12 
hours  to  4  days.  A  dose  of  .2  grain  per  pound  or  less  had  no  apparent  effect 
upon  the  rabbits. 

"Administration  of  the  Antidote. — The  antidote  is  an  aqueous  solution  of 
calcium  sulphid  in  a  dilution  of  one  grain  to  the  ounce  of  distilled  water.  It 
is  prepared  by  dissolving  the  calcium  sulphid  in  boiling  water  and  filtering  hot. 
It  is  then  ready  for  use.  Wt  used  both  the  product  prepared  for  Dr.  Wilms 
by  the  Merrill  Chemical  Co.  and  some  prepared  ourselves  with  equal  success. 

"The  dosage  adhered  to  was  the  same  as  recommended  by  Dr.  Wilms:  viz., 
one  grain  of  the  antidote  to  each  grain  of  bichlorid  taken.  It  was  given  intra- 
venously, the  marginal  vein  of  the  ear  being  selected  in  each  case. 

"Two  rabbits  that  received  .25  grain  per  pound  weight  of  bichlorid  were 
given  the  antidote  after  2.25  hours  and  5.75  hours  respectively  and  recovered 
completely. 
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"One  rabbit  received  .5  grain  per  pound  weight  of  bichlorid.  The  anti- 
dote was  given  after  2.75  hours  with  complete  recovery  of  the  animal. 

"One  rabbit  received  .25  grain  per  pound  weight  of  bichlorid  and  was  given 
the  antidote  5.5  hours  later.  This  rabbit  died  after  3  days  showing  typical 
bichlorid  poisoning  symptoms  and  pathology. 

"Conclusions. — The  calcium  sulphid  antidote  is  certainly  of  value  in  the 
treatment  of  rabbits  poisoned  with  bichlorid  of  mercury. 

"The  antidote  must  be  given,  if  possible,  in  less  than  five  hours  after  the 
poison  has  been  administered  in  rabbits. 

"The  poison  is  very  rapidly  absorbed,  appearing  in  the  blood  (taken  from 
the  ear)   in  less  than   15  minutes. 

"Remarks. — The  value  of  the  antidote  probably  lies  in  the  formation  of 
the  relatively  insoluble,  double  salt  mercuric  sulphid  mercuric  chlorid  (HgS. 
HgClo)   and  the  very  insoluble  mercuric  sulphid. 

"Both  of  these  substances  are  formed  in  the  test  tubes,  the  formation  of 
the  insoluble  sulphid  depending  upon  the  excess  of  calcium  sulphid  used." 

The  followiiig  are  Mr.  Maltaner's  Experiments: 

RABBIT    NO.    1. 

Rabbit  of  2  pounds  weight ;  received  .5  grain  of  mercury  bichlorid  at  10 :40  a.  m. 
April  24. 

2  p.  M.     Diarrhea. 

4  p.  M.     Received  .5  gr.  of  calcium  sulphid  intravenously. 

April  26,  A.  M.     1-2/3  pounds  weight. 

April  27,  A.  M.     Dead. 

Postmortem. — Serous  fluid  in  peritoneal  cavity ;  veins  of  stomach,  heart,  mesentery, 
and  peritoneum  injected  ;  small  intestine  has  greyish  metallic  appearance  and  putty-like  con- 
sistency; lungs  inflamed;  kidneys  greyish  white  swellings;  spleen  small  and  metallic;  stomach 
tense  and  inner  coating  much  inflamed  and  corroded. 

RABBIT    NO.   2. 

Rabbit  of  2  2/3  lbs.  weight  received  .67  grain  of  mercurv  bichlorid  at  11  a.  m.  on 
April  24. 

2  p.   M.     Diarrhea. 

April  25,  A.  M.     Found  dead 

Postmortem   appearance   similar   in    every   way   to   first   rabbit. 

RABBIT    NO.    3. 
Rabbit  of  2  lbs.  weight  received  .5  grain  of  mercury  bichlorid  at  9:26  a.  m.   April  27. 
11:45  A.   M.     Received  .5  grain  solution  of  calcium  sulphid  intravenously. 
1 :45  P.  M.     Had  slight  diarrhea. 

April  28.  A.  M.     In  good  condition  and  weighed  1  2/3  lbs. 
May  5.     Complete  recovery ;  weight  2  lbs. 
May  18.     Weight  2  1/3  lbs. 

RAIililT    NO.    4. 

Rabbit  of  3  lbs.  weight  received  .75  grain  of  bichlorid  of  mercurv  at  9:40  A.  .M. 
April  27. 

3:25  p.   M.     Received  .75  grain  of  calcium  sulpliid  solution  intravenously. 
April  28,  8  a.  m.     Slight  diarrhea  ;  slight  loss  in  weight. 
April  29.     Regained  weight;  good  condition. 
May  18.     Good  condition;  weight  3  lbs. 

RABBIT   NO.    5. 
Rabbit  of  4  lbs.  weight  received  2  grains  of  biclilorid  of  mercury  at  9  a.   m,,   May  3. 
11:45  A.  M.     Received  2  grains  of  calcium  suIpIiid  solution  intravenously. 
2  p.  M.     Diarrhea,  profuse  and  bloody. 
May  4,  8  A.  m.     No  diarrhea ;  weight  3  2/3  lbs. 
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May  12.     Good  condition ;  normal  weight. 
June  2.     Good  condition ;  normal  weight. 

RABBIT   xo.   6. 
Rabbit  of  4  lbs.  weight  given  1  grain  of  bichlorid  of  mercury  at  9:35  A.  M.,  May  8. 
10:30  A.  M.     Diarrhea. 
May  9,  A.  m.     Dead. 

Postmortem  condition  similar  to  rabbit  No.  1 ;  heart,  liver,  spleen  and  kidneys  gave 
chemical   test   for   mercury. 

RABBIT   NO.    7. 

Rabbit  of  3  lbs.  weight  received  1.5  grains  of  bichlorid  of  mercury  10  a.  m.,  May  9. 

May  10,  A.  M.    Dead. 

Postmortem  same  as  rabbit  No.  1  ;  mercury  was  detected  in  the  blood  taken  from  ear 
vein  15  minutes.  30  minutes,  45  minutes  after  the  bichlorid  was  given  by  mouth;  the  heart, 
liver,  spleen,  kidney,  blood  and  urine  gave  chemical  tests   for  mercury. 

RABBIT    NO.   8. 

Rabbit  of  3  lbs.  weight  given  .15  grain  of  bichlorid  of  mercury  at  3:05  p.  m..  May  15. 
May  26.     No  reaction ;  weighs  3.5  lbs. 

RABBIT    NO.    9. 
Rabbit  of  3  lbs.  weight  given  .3  grain  of  bichlorid  of  mercury  at  3:05  P.   M.,  May  15. 
May  26.     No  reaction ;  weighs  3.5  lbs. 

RABBIT    NO.    10. 

Rabbit  of  3  lbs.  weight  given  .45  grains  of  bichlorid  of  mercury  on  May  18. 
June  2.     No  reaction ;  gain  in  weight. 

RABBIT    NO.    11. 

Rabbit  of  3  lbs.  weight  given  .6  grain  of  bichlorid  of  mercury  on  May  18. 
June  2.     No  reaction ;   gain  in  weight. 

RABBIT  NO.    12. 
Rabbit  of  3  lbs.  weight  given  .75  grain  of  bichlorid  of  mercury  on  May  26. 
May  27.     Lost  .5  lb.  in  weight. 
May  30.     Dead. 
Typical  mercury  poisoning. 

RABBIT    NO.    13. 

Rabbit  of  3  lbs.  weight  received  .9  grain  of  bichlorid  of  mercurj'  on  May  26. 

May  27.     Lost  .5  lb.  in  weight. 

May  29.     Dead. 

Typical  mercury  poisoning. 

CASE   REPORTS. 

In  June,  1915,  through  the  courtesy  of  Dr.  Oscar  Berghausen,  I  was  called 
to  the  Cincinnati  General  Hospital  to  treat  a  case  of  bichlorid  of  mercury  poi- 
soning. Upon  my  arrival  at  the  institution  at  1  p.  m.  I  found  a  female  patient 
had  taken  110  grains  of  bichlorid  of  mercury  the  evening  before  with  suicidal 
intent.  She  was  about  30  years  of  age,  and  in  a  moribund  condition.  After 
the  exhibition  of  five  grains  of  calcium  sulphate  by  mouth  every  half  hour  for 
three  or  four  hours,  she  died.  This  case  suggested  to  me  that  if  I  could  have 
given  her  a  solution  of  calcium  sulphid  intravenously  I  might  have  been  able 
to  neutralize  the  bichlorid  of  mercury,  and  that  the  neutralization  would  have 
been  rapid  enough  to  have  saved  her. 

On  April  19,  1916,  I  was  consulted  by  Mr.  S.  of  Los  Angeles,  Cal.,  whose 
wife  had  used  by  mistake  30  hours  previously  a  7.5  gr.  of  bichlorid  of  mer- 
cury tablet  intravaginally,  thinking  it  was  an  antiseptic  wafer.  The  antidote 
formula,  1  grain  of  calcium  sulphid  to  1  ounce  of  water  was  telegraphed  to 
her  physician,  Dr.  C.  W.  Decker. 

The   patient   was   given   intravenously   7.5   grains   of    calcium   sulphid   dis- 
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solved  in  7 .h  ounces  of  water,  the  solution  having  been  boiled  and  filtered  through 
cotton.  After  several  days  she  began  to  improve  and  made  an  uneventful 
recovery. 

On  May  25,  1916,  Dr.  L.  N.  Denman  informed  me  that  he  had  a  patient 
who  had  used  a  7.5  grain  bichlorid  of  mercury  tablet  intravaginally  to  pre- 
vent pregnancy.  He  saw  her  a  short  time  after  the  tablet  had  been  intro- 
duced, and  made  a  careful  examination  of  the  vagina  for  the  tablet,  but  was 
unable  to  find  it.  Her  vagina  and  vulva  were  swollen  and  inflamed.  He  pre- 
scribed one  grain  of  calcium  sulphid  per  mouth  every  two  hours  and  recom- 
mended a  douche,  1  dram  of  calcium  sulphid  to  the  ounce  of  water  per  vagina. 
He  saw  this  woman  twice  after  taking  the  bichlorid  tablet  and  then  not  again 
till  July  16,  1916.  She  had  been  perfectly  well  in  the  meantime  and  had  gone 
away  on  a  trip. 

The  report  of  these  two  cases  should  be  compared  with  three  cases  re- 
ported by  Dr.  G.  B.  Schildecker,  American  Journal  of  Obstetrics,  1911,  Ixiii, 
473-475. 

Case  I. — A  physician  made  a  careful  examination  35  minutes  after  a  bi- 
chlorid of  mercury  tablet  had  been  introduced  by  a  woman  into  her  vagina  to 
prevent  pregnancy,  and  he  could  find  no  trace  of  the  tablet.  Patient  died  in 
four  days.  The  postmortem  showed  parenchymatous  degeneration  of  the  liver ; 
marked  fatty  degeneration  of  both  kidneys ;  marked  fatty  degeneration  was 
noticed  along  the  nutrient  vessels  of  the  heart.     Treatment  was  not  mentioned. 

Case  //.—One  tablet  of  bichlorid  of  mercury'  was  inserted  into  the  vagina 
to  prevent  pregnancy.  Treatment  was  enteroclysis.  The  patient  lived  two 
weeks,  died  of  perforation  of  the  colon  with  peritonitis.  Autopsy  showed  sim- 
ilar condition  to  Case  I. 

Case  III. — One   tablet   of   bichlorid   of   mercury   was    introduced    into    the 

vagina   to  prevent   pregnancy.      Treatment,   vagina    was   washed   out    with    hot 

water  in  twenty  minutes,  followed  by  enteroclysis  of  saline  solution.     Patient 

died  on  the  seventh  day.     Autopsy  showed  same  results  as  the  other  cases  and 

I  passive  hemorrhage  in  the  most  dependent  portions  of  the  peritoneal  cavity.     A 

[  large  amount  of  bloody  serous  exudate  beneath  the  brain  and  membranes. 

His  conclusions  were  that  the  tablet  was  absorbed  in  twenty  minutes,  and 

that   the   tablet   should   be   removed    in   a   few   minutes.     The  person   suffering 

from  such  an  accident  has  a  small  chance  of  recovery  because  of  the  far-reach- 

j  ing  effects  of  the  poison,  as  shown  by  the  autopsy  findings  in  these  cases. 

I  On  April   1,   1916,  through  the  courtesy  of  Dr.  J.  H.  Landis  of  the  staff 

I  of  St.  Mary's  Hospital,  Cincinnati,  Ohio,  I  was  permitted  to  use  calcium  sul- 

!  phid  intravenously  on  a  man,  39  yrs.  of  age,  who  had  taken  7.5  grains  of  bi- 

j  chlorid  of  mercury  the  preceding  night  about  1  .\.  m.     The  following  day  when 

I  saw  the  man  at  3:30  p.  m.,  he  had  a  bloody  diarrhea  and  suppression  of  urine, 

'accompanied  by  a  great  deal  of  pain  in  the  abdomen,  and  a  very  sore  mouth. 

He  informed  me  that  he  had  vomited  five  minutes  after  taking  the  tablet.     I 

I  gave  him  intravenously,  a   freshly  prepared  solution  of  calcium    sulphid   which 

jhad  been  boiled  and  filtered  through  cotton,  7.5  grains  to  7.h  ounces  of  water. 

jThe  next  day  he  was  so  much  improved  that  his  bowel   symptoms  had  prac- 
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tically  disappeared.  He  had  had  no  stool  after  the  injection,  and  was  passing  a 
normal  amount  of  urine.  The  second  day  after  the  injection  he  was  suffering 
from  a  pyorrhea  alveolaris  and  stomatitis,  for  which  I  prescribed  a  grain  of  cal- 
cium sulphid  per  mouth,  every  hour.  He  made  an  excellent  recovery  and  1 
presented  him  to  the  Cincinnati  Academy  of  Medicine  ten  days  after  he  had 
taken  the  bichlorid  of  mercury.  He  informed  me  that  he  had  gained  seven 
and  a  half  pounds  in  weight  in  ten  days. 

On  April  27,  1916,  Dr.  Hays  was  called  to  treat  a  girl,  A.  D.,  20  yrs. 
old,  who  had  taken  a  7.3  grain  bichlorid  of  mercury  tablet  by  mistake  for  a 
headache  tablet  at  6:30  a.  m.  Shortly  after,  she  became  very  sick  and  vomited. 
He  sent  her  to  St.  Mary's  Hospital  where  she  received  a  gastric  lavage  at 
8:30  A.  M.,  after  which  she  was  given  calcium  sulphid,  one  grain  every  hour. 
The  second  day  she  went  home  from  the  hospital  and  showed  no  further 
symptoms. 

On  June  2,  1916,  a  19  year  old  girl  was  supposed  to  have  taken  two  bi- 
chlorid of  mercury  tablets  of  7.3  grains  each,  with  suicidal  intent.  She  became 
very  sick  shortly  afterward  and  was  found  wandering  in  a  sort  of  delirium. 
She  was  taken  to  St.  Mary's  Hospital  and  given  one  grain  of  calcium  sulphid 
per  mouth  every  two  hours,  prescribed  by  Dr.  Hays.  The  next  day  she  was 
very  sick,  but  the  second  day  after  receiving  the  calcium  sulphid,  she  was  so 
much  improved  that  she  was  able  to  leave  the  hospital.  Her  recovery  was 
complete  and  uneventful. 

I  was  consulted  by  Dr.  F.  A.  Ireton  of  Newtonsville,  Ohio,  on  May  21, 
1916,  concerning  Mrs.  W.,  aged  35,  who  had  taken  one  7.3  grain  bichlorid  of 
mercur)^  tablet.  She  vomited  in  about  ten  minutes.  He  commenced  using 
calcium  sulphid  about  twelve  hours  after  she  had  taken  the  tablet.  Tender- 
ness was  marked  all  over  the  abdomen  and  she  passed  pieces  of  mucous  mem- 
brane from  the  rectum.  Urinary  symptoms  were  not  noted.  He  reports  to 
me  on  August  2,  that  she  was  dismissed  June  1,  having  made  an  excellent  re- 
covery and  that  he  saw  her  in  his  office  July  5,  when  he  saw  no  symptoms  of 
the  poisoning. 

In  January,  1916,  Dr.  J.  Kelley  Brammer  of  Cincinnati,  Ohio,  adminis- 
tered calcium  sulphid  by  mouth,  7.5  grains,  to  a  woman  who  had  taken  a  7.h 
grain  bichlorid  of  mercury  tablet.  August  3,  1916,  he  reports  to  me  in  a  per- 
sonal communication  that  she  made  an  excellent  recovery  and  showed  no 
untoward  effects  of  the  poisoning. 

I  have  information  of  a  number  of  other  recoveries  following  the  use  of 
calcium  sulphid  in  bichlorid  of  mercury  poisoning,  but  the  reports  of  the  con- 
sulting physicians  were  too  brief  or  vague  to  be  herein  reported. 

I  should  like  to  call  attention  to  the  possible  value  of  calcium  sulphid  as 
an  antidote  for  industrial  chronic  mercurialism  found  among  felt  hat  makers,  i 
workers  in  mercury,  furriers,  dentists,  etc.     In  these  cases  an  occasional  dose  j 
of  calcium  sulphid  should  completely  neutralize  all  the  mercury.  I 
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SUMMARY    AND    CQNCIvUSlGNS. 

In  advanced  cases  of  mercuric  chlorid  poisoning  the  intravenous  method  of 
injecting  calcium  sulphid  solution  grain  for  grain  of  the  bichlorid  of  mercury 
taken,  is  the  safest  and  most  rapid.  An  advantage  of  the  intravenous  method 
lies  in  the  assurance  that  the  patient  receives  the  required  amount  of  the  anti- 
dote, and  that  it  is  more  direct.  Calcium  sulphid  may  also  be  administered 
by  mouth  when  the  intravenous  method  is  not  practicable.  When  the  discom- 
fort or  the  condition  of  the  patient  warrants  it,  both  methods  may  be  used. 
The  use  of  calcium  sulphid  by  mouth  may  be  continued  till  all  symptoms  of 
mercurialism  have  disappeared,  since  it  is  nontoxic.  Recovery  has  taken  place, 
when  the  antidote  was  administered  by  mouth,  as  late  as  twelve  hours  after 
taking  7.5  grains  of  bichlorid  of  mercury,  and  thirty  hours  when  administered 
intravenously. 

The  minimum  lethal  dose  of  bichlorid  of  mercury  in  the  human  being  is  one 
decigram.     (Barbour.) 

The   calcium    sulphid    solution   must   be    freshly   prepared    for    intravenous 

exhibition  or  it  loses  its  sulphur  and  becomes  inefifective.     Calcium  sulphid  so- 

1  lution  should  not  be  used  stronger  than  one  grain  to  the  ounce  of  water.     The 

I  solution  should  be  boiled  and  filtered  through  cotton.     It  should  preferably  be 

given  in  the  median  basilic  or  the  median  cephalic  vein. 

Calcium  sulphid  is  the  quickest,  simplest  and  surest  antidote  for  mercurial 
,  poisoning  used  at  the  present  time.     It  has  been  proved  clinically  and  in  the 

i laboratorv. 

'  "   . 

i  Experiments    showed    that    mercuric    chlorid   poisoning   produced    a    wide 

pathologenesis  notably,  gastritis,  ulcer  of  the  stomach,  hepatitis,  duodinitis, 
, colitis,  endocarditis,  ulcerative  pericarditis,  pneumonitis,  tubular  nephritis  (which 
lis  manifested  by  complete  suppression  of  the  urine)  and  a  number  of  other 
iver)'  marked  pathological  changes,  microscopically  and  macroscopically  mani- 
;  fested.  All  these  tissue  changes  become  normal  with  the  exhibition  of  one 
I  dose   of   calcium    sulphid    in   solution    intravenously   grain    for   grain    of    poison 

taken. 

W'iien  given  by  mouth,  it  should  be  administered  in  the  tablet  or  crude 
drug  form,  in  two  to  five  grain  doses  every  hour,  until  an  excessive  amount 
lis  taken.  A  grain  for  a  grain  is  four  times  the  amount  of  calcium  sulphid 
inecessary  to  neutralize  mercuric  chlorid  in  the  test  tube. 

;  The  calcium  sulphid  solution,  if  deteriorated,  will  produce  severe  con- 
ivulsions  owing  to  the  free  action  of  calcium  on  the  spinal  cord  hence  the  nec- 
essity of  a  fresh  solution.  Another  danger  is  the  possibility  in  deteriorated  so- 
lutions, of  hydrcjgen  sulphid  which  is  a  fatal  poison  being  present. 

Local  antidoting  in  the  stomach  by  the  use  of  whites  of  eggs  and  lavage 
iwith  large  quantities  of  water  is  useless;  bichlorid  of  mercury  is  so  rapidly 
labsorbed  from  the  stomach  that  very  little  remains  in  the  stomach  unabsorbcd 
lat  the  end  of  five  minutes.  The  vomiting,  l)y  this  time,  is  so  profuse  that  if  any 
free  bichlorid  of  mercurv'  were  still  ])resent  in  the  stomach,  it  would  not  re- 
gain long  enough  t(^  cause  further  damage. 
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CALCIUM    SULPHID.* 

The  product  commonly  known  as  calcium  sulphid  or  sulphurated  lime  is 
a  mixture  containing  calcium  sulphid,  calcium  sulphate  and  carbon,  and  is  usu- 
ally prepared  by  heating  calcium  sulphate  with  charcoal  and  starch  to  a  red 
heat.     The  reaction  is 

CaSO,  +  C3  =  CaS  -  COo  +  CO. 

•-,  The  CO,  and  CO  pass  off  as  gases,  leaving  calcium  sulphid  and  some  un- 
changed calcium  sulphate  and  carbon. 

When  calcium  sulphid  (CaS)  is  dissolved  in  water  a  decomposition  takes 
place  according  to  the  equation : 

2  CaS  -r  2  H,0  =  CaCOH),  -f-  CaCSH)^ 

the  products  being  calcium  hydroxide  and  calcium  sulphydrate. 

To  determine  the  composition  of  solutions  of  calcium  sulphid,  three  solu- 
tions were  made  as  follows : 

CALCIUM    SULPHID    U.S. P.     (mERCK). 

Solution  I.  Solution  II.  Solution  III. 

16  grs.  32  grs.  48  grs. 

16  fl.  oz.  16  fl.  oz.  16  fl.  oz. 

In  each  case  the  calcium  sulphid  was  boiled  with  the  water,  the  solution 
cooled  and  filtered  through  paper,  and  placed  in  tightly  stoppered  pint  bottles. 

The  following  quantitative  determinations  were  then  made  on  each  of 
these  solutions : 

1.  100  c.c.  was  titrated  with  ^/lo  H^SO^  to  determine  the  alkalinity  of  the 
solutions.  In  this  connection  it  should  be  borne  in  mind  that  only  the  alkalin- 
ity of. the  Ca(OH)2  in  solution  is  indicated  by  this  titration.  The  Ca(SH)2  is- 
also  decomposed  by  the  acid,  but  for  each  equivalent  of  H2SO4  added,  an 
equivalent  of  HoS  is  liberated,  thus  neutralizing  the  effect  of  the  alkalinity  of 
the  Ca(SH)2. 

The   equation   is : 

Ca(SH),+  H„SO,  =  CaSO,-^2  H^S. 

2.  50  c.c  was  titrated  with  ^/lo  iodine  solution  using  starch  solution  as  indi- 
cator. This  indicates  the  amount  of  calcium  sulphydrate  in  solution  accord- 
ing  to   the    equation : 

Ca(SH),-M  l  =  CaL-2  HI -So. 

Instead  of  calculating  these  results  to  calcium  sulphydrate  they  may  be  cal- 
culated to  the  original  amounts  of  calcium  sulphid  dissolved  before  their  de- 
composition into  Ca(OH)2  and  Ca(SH)2.     See  table  below. 

3.  25  c.c.  were  treated  wath  a  slight  excess  of  ammonium  oxalate  in  order 
to  determine  the  total  calcium  (hydroxide,  sulphydrate  and  sulphate).  In- 
soluble calcium  oxalate  is  precipitated.  This  is  collected  on  a  filter,  igniteti 
at  w^hite  heat  and  weighed  as  CaO.     The  reactions  involved  are : 


•I  am   indebted   to   Mr.   H.   W.   Jones   for   this   study   in   the   chemistry  of   calcium   sulphid. 
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CaSO,   (or  other  calcium  salt)   +  (NH,)X,0,    =    CaaO,  +  (NHj.SO, 
CaCoO,  +  Heat  ---    CaO   +   CO,  +   CO 

Knowing  the  amounts  of  Ca(OH  lo  and  Ca(SH  j,  in  solution  we  may  now 
calculate  these  in  terms  of  CaO,  deduct  them  from  the  total  CaO.  and  calculate 
the  balance  as  CaS04. 

Following  are  the  results  obtained   by  these  operations : 


Solution 

Ca(0H)2 

Ca(SH), 

CaS 

CaSO^ 

I 

.0467  gm.  0.213  gr. 

.0674  gm.  0.308  gr. 

.0916  gm.  0418  gr. 

.0777  gm.  0.23  gr. 

II 

.0636  gm.  0.291  gr. 

.0922  gm.  0.421  gr. 

0.125  gm.  0.572  gr. 

0.103  gm.  0.47  gr. 

III 

.0644  gni.  0.294  gr. 

.0922  gm.  0.421  gr. 

0.12'5  gm.  0.572  gr. 

0.131  gm.  0.598  gr. 

In  grams  per  100  c.c,  and  grains  per  fl.  oz. 

These  results  show  that  the  saturation  point  lies  between  2  and  3  grains 
of  calcium  sulphid  per  fl.  oz.  In  other  words  above  2  grs.  per  fl.  oz.  no  more 
material  is 'dissolved. 

These  solutions  are  perfectly  clear  and  bright  and  show  no  trace  of  heavy 
metals   when   treated   qualitatively. 

Theoretically  there  are  five  possible  sulphides  of  calcium,  but  only  two  of 
these  are  well-known:  viz..  the  monosulphide  (CaS)  and  the  pentasulphide 
(CaS).     The  pentasulphide  is  obtained  by  heating  milk  of  lime  with  sulphur. 

3  Ca(0H),^12  S  =  2  CaS,  -  CaS,03  + 3  H,0. 

This  is  what  is  known  as  Vlemingh's   solution. 
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A  PRELIMINARY  MEDICAL  STUDY  OF  THE  POSITIVE  CASES 
FOUND  IN  THE  FIRST  YEAR'S  WORK  OF  THE 
MICHIGAN  TUBERCULOSIS  SURVEY 


By  Victor  C.  Vaughan,  Jr.,  M.D.,  Detroit,  Mich. 


THE  nature  and  the  methods  of  this  survey  have  already  been  given  in  this 
Journal  (Vol.  1,  p.  134;  Vol.  2,  p.  206).  Out  of  11,528  persons  examined, 
2957  were  diagnosed  as  positively  tuberculous.  These  cases  have  been  tabulated 
as  shown  in  Table  I,  which  represents  the  positive  cases  found  in  one  of  the 
smaller  counties. 
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TABLE  I  (Cont'd). 
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The  above  table  is  largely  self  explanatory.  Under  association  it  will  be 
noted  that  a  classification  has  been  made  according  to  sex,  the  initial  letter 
being  used  in  each  instance  to  designate  the  member  of  the  family  afflicted. 
Thus,  in  the  male  column  B,  refers  to  brother,  H,  husband,  F,  father,  S,  son, 
and  U,  uncle;  whereas  in  the  female  column,  M  represents  mother,  S,  sister,  W. 
wife  and  A,  aunt.  With  regard  to  temperature,  the  symbol  -\-  has  been  used 
to  designate  any  temperature  occurring  in  an  individual  of  fifteen  years  or  over 
and  which  registers  between  99  and  100  degrees  F.  In  children  no  tempera- 
ture below  99.6  was  recorded  as  positive.  Temperatures  ranging  from  100.1  to 
101  inclusive  are  recorded  as  -|-  -|-  and  any  temperature  above  101  has  been 
recorded  as  +  -J-  +•  With  regard  to  pulse  in  individuals  fifteen  years  or  over 
a  pulse  ranging  from  90  to  120  has  been  classified  as  -|- ;  between  120  and  130 
+  +  and  above  the  latter  point  +  +  +•  Here  again  in  children  no  pulse 
below  110  has  been  classified  as  positive.  In  connection  with  location  of  lesion 
initials  have  again  been  used  to  designate  the  lobe  of  the  lung  affected  as  U, 
upper;  M,  middle  and  L,  lower  lobe.  In  the  last  column  are  given  not  only  the 
results  with  regard  to  the  occurrence  of  positive  and  negative  tuberculin  reac- 
tions, but  the  letters  A  and  P  are  used  to  designate  cases  which  are  apparently 
arrested  and  those  showing  physical  signs  indicative  of  pleurisy  respectively. 


AGE,  SEX,  AND  ASSOCIATION. 

Among  2923  cases  in  which  the  sex  was  designated  there  were  1786  females, 
and  1137  males.  With  regard  to  age,  764,  or  26.1%,  were  fifteen  years  or  less; 
1041,  or  35.6%,  were  between  sixteen  and  thirty  years  inclusive;  747,  or  25.5% I 
between  thirty-one  and  forty-five  years  inclusve;  282,  or  9.6%,  were  be^! 
tween  forty-six  and  sixty  inclusive;  and  89,  or  .3%,  were  between  sixty-one 
and  eighty  years.  Sixty-one  and  one-tenth  per  cent  of  all  cases  occurred  be- 
tween the  ages  of  sixteen  and  forty-five. 


STUDY  OF  MICHIGAX  TUBERCULOSIS  SURVEY 


461 


Chart  1  gives  the  number  of  cases  which  gave  a  history  of  association 
with  a  single  tuberculous  member  of  the  family.  All  cases  in  which  two  or 
more  sources  of  infection  occurred  have  been  excluded.  .  It  will  be  noted  that 
during  the   first   fifteen   years   of   life   the   source  of   infection    in    the   majority 
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Chart    1. 
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of  instances  is  either  the  father  or  mother,  while  beyond  twenty  years  of  age  a 
history  of  tuberculosis  in  brother  or  sister  predominates,  the  brother  line 
reaching  its  maximum  at  twenty-five  and  the  sister  line  at  thirty  years.  The 
part  played  by  intimate  association  is  well  illustrated  in  Charts  2  and  3. 
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Chart  -2. 
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Chart  2  represents  the  total  number  of  males  at  the  various  ages  giving  a 
history  of  family  association  with  a  single  tuberculous  individual,  while  Chart 
3  represents  the  total  number  of  females  at  the  various  ages  giving  a  history  of 
family  association  with  a  single  tuberculous   individual.     For  obvious   reasons 
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Chart  3. 
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individuals  giving-  a  history  of  tuberculosis  in  husband  or  wife  have  been  omitted 
from  these  charts.  In  Chart  2  it  will  be  noted  that  until  ten  years  of  age  the 
female  predominates  as  a  source  of  infection,  this  being  undoubtedly  due  to  the 
close  association  existing  between  mother  and  child  at  this  period  of  life,  ir- 
respective of  difference  in  sex.  From  ten  to  fifteen  years  in  boys  the  female 
line  drops  abruptly  while  the  male  becomes  the  greater  source  of  infection. 
From  fifteen  on,  the  male  source  of  infection  generally  predominates.  In 
Chart  3,  on  the  other  hand,  the  female  predominates  throughout  as  a  source  of 
infection.  It  is  interesting  to  note,  however,  that  below  the  age  of  ten  no 
marked  dift'erence  in  the  two  sexes  is  notable  although  here  again  the  mother, 
as  one  would  expect,  represents  the  greater  source  of  infection.  After  ten 
years  the  part  played  by  intimate  association  between  members  of  the  same 
sex  is  most  apparent. 

PLEURISY. 

Among  the  2957  cases  there  were  605  who  gave  a  definite  history  of  pleu- 
ritic involvement  at  some  time  previous  to,  or  coincident  with,  the  examination, 
there  being  46  cases  in  which  no  information  with  regard  to  this  point  was  ob- 
tained. A  history  of  pleuritic  involvement  was,  therefore,  obtained  in  20.8%  of 
all  cases  questioned  with  regard  to  this  point.  Owing  to  the  definite  character 
of  pleuritic  pain  we  believe  that  these  statistics  are  most  reliable.  It  is  need- 
less to  state  that  all  pleurisies  associated  with  pneumonic  attacks  either  as 
initial  pleuritic  involvement  or  as  subsequently  developing  empyema  were  neg- 
lected. 

HEMORRHAGE. 

Among  2906  cases  in  which  information  with  regard  to  the  occurrence  of 
pulmonary  hemorrhage  was  obtained,  428,  or  14.7%,  had  been  afflicted  at  some 
time  previous  to  the  examination.  Mere  streaking  of  sputum  was  not  consid- 
ered, nor  was  the  rusty  sputum  associated  with  pneumonic  attacks.  No  case  of 
a  profuse  pulmonary  hemorrhage  associated  with  a  supposed  pneumonic  at- 
tack presented  itself,  although  in  this  instance  we  would  have  been  inclined  to 
question  the  original  diagnosis.  Any  amount  of  pure  blood  from  a  small  clot  to 
the  expectoration  of  many  ounces  undoubtedly  coming  from  the  lower  respira- 
tory passages  and  accompanied  by  cough  has  been  classified  as  pulmonary  hemor- 
rhage. 

CLASSIFICATION    BY   STAGE. 

The   classification   of   cases   of   pulmonary   trouble    into   various    stages   of 
the  disease  is  always  a  difficult  problem.     We  believe  that  such  classification  is 
of  great  practical   importance   for  the   information   of  the   attending  physician  ! 
with   regard   to  the  ultimate   prognosis,   but   we  also   feel   that   such   a   method  ^ 
necessarily  partakes  somewhat  of  the  nature  of  scientific  inaccuracy.     The  clas- 
sification adopted  by  the  National  Association  for  the  Study  and  Prevention  of  [ 
Tuberculosis  has  been  followed  as  closely  as  possible  and  each  individual  case 
was  classified  as  originally  tabulated,  the  results  obtained  not  being  apparent) 
until  the  final  compilation  of  the  complete  table. 
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The  cases  have  been  divided  into  three  stages  as  follows : 

First  Stage. 

Incipient. 

Slight  or  no  constitutional  symploms  (including  particularly  gastric  or  intestinal  dis- 
turbance, or  rapid  loss  of  weight)  ;  slight  or  no  elevation  of  temperature  or  acceleration  of 
pulse  at  any  time  during  the  twenty-four  hours. 

Expectoration  usually  small  in  amount  or  absent. 

Tubercle  bacilli  may  be  present  or  absent. 

Slight  infiltration  limited  to  the  apex  of  one  or  both  lungs,  or  a  small  part  of  one  lobe. 

No  tuberculous  complication. 

Second  Stage. 

Moderately  advanced. 

No  marked  impairment  of  function,  either  local  or  constitutional. 

Marked  infiltration  more  extensive  than  under  incipient,  with  little  or  no  evidence  of 
cavity  formation. 

No  serious  tuberculous  complications. 

Third  Stage. 

Far  advanced. 

Marked  impairment  of  function,  local  and  constitutional. 

Extensive  localized  infiltration  or  consolidation  in  one  or  more  lobes.  ■ 

Or  serious  tuberculous  complications. 

From  Table  II  it  will  be  seen  that  a  classification  of  2942  cases  has  been 
made  according  to  stage.  The  interesting  developments  obtained  from  this 
classification  are  best  demonstrated  in  Chart  4  which  represents  graphically  the 
information  obtained  in  table  2. 

As  can  be  seen  from  an  examination  of  Chart  4  the  symptoms  not  influ- 
enced by  time  of  examination,  as  cough,  expectoration,  and  night  sweats,  show 
practically  the  same  percentage   in  the   same   stage  at  morning  and  afternoon 
clinics.     From  this  fact  we  can  fairly  conclude  that  a  definite  degree  of  uni- 
formity  has   been   used   in   classification.      It  might   be   objected   that   the   per- 
centage of  night  sweats  is  high  in  the  incipent  cases  and  yet  these  for  the  most 
I   part  represent  cases  showing  but  slight  rise  of  temperature,  no  acceleration  of 
!    the  pulse,  without  expectoration  and  with  physical  signs  limited  to  slight  changes 
I  at  one  apex.     Such  cases  cannot  be  classified  otherwise  than  as  incipient. 

An  examination  of  Chart  4  reveals  at  once  most  interesting  variations  be- 
{  tween  temperature  and  pulse  findings  in  the  incipient  and  moderately  advanced 
I  cases.    The  most  striking  phenomenon  is  the  higher  percentage  of  cases  showing 
I  a  temperature  between  99  and  100  degrees  F.  among  the  incipient  as  compared 
1  to  the  moderately  advanced.     This  change,  apparent  even  during  the  morning 
examinations,  becomes  pronounced  during  those  of  the  afternoon.     We  believe 
j  that  this  is  an  indication  of  the  fact  that  the  true  tuberculous  temperature  oc- 
curs most  frequently  in  the  incipient  stage  of  tlu'  disease.     It  represents  the  rise 
in  body  temperature   accompanying   the   specific    reaction    which   occurs   in   the 
body  of  the   recently   infected   tuberculous   individual   and    which    is   frequently 
i  exhausted  by  the  time  the  case  becomes  moderately  advanced.     Further  evidence 
j  with  regard  to  the  fact  that  specific  reaction  occurs  early  in  the  disease  is  found 
in  the  results  oi  tuberculin  tests,  which  are  conceded  t>\    all  authorities  to  give 
i  positive  reaction  most  frequently  in  thr  inci])icnl  stage  and  to  (iisappear  as  the 
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case  progresses.  Thus  in  Chart  6,  ahhough  the  total  number  of  cases  is  small, 
there  is  distinct  evidence  that  the  percentage  of  negative  conjunctival  reactions 
increases  in  direct  proportion  to  the  advancement  of  the  disease  process. 

\\'hen  we  consider  the  pulse,  we  find  that  instead  of  paralleling  the  tempera- 
ture, the  exact  reverse  is  true.     Thus,  whereas  the  greater  percentage  of  slight 
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febrile  reactions  occur  in  the  early  cases  the  percentage  of  high  pulse  is  distinctly 
increased  among  the  moderately  advanced.  The  explanation  of  this  discrepancy 
is  probably  to  be  found  in  the  greater  area  of  involvement  and  the  relatively 
prolonged  toxic  action  upon  the  myocardium  in  the  moderately  advanced  cases. 

EXTENT  AND  LOCATION  OF  PULMONARY  INVOLVEMENT. 

Of  2002  cases  studied,  the  involvement  was  limited  to  one  lobe  in  990,  or 
49.5%;  tvi^o  lobes  were  affected  in  717,  or  35.87f  ;  three  in  212,  or  10.6%;  four 
in  57,  or  3.8%;  and  involvement  of  all  five  lobes  was  recorded  in  26,  or  1.3%, 
of  the  cases. 

From  a  study  of  Chart  5  it  is  evident  that  the  right  upper  lobe  is  most 
frequently  the  site  of  disease,  next  in  order  come  the  left  upper,  the  left  lower, 
the  right  lower,  and  middle  lobes.  However,  when  we  consider  signs  indicative 
of  activity  it  becomes  at  once  apparent  fhat  the  left  upper  shows  a  higher  per 
cent  of  activity  than  the  right  upper.  Thus  whereas  rales  were  found  associated 
with  involvement  of  the  right  upper  in  only  45.6%  of  cases  they  were  present 
in  57.2%  of  involvement  of  the  left  upper,  in  58.2%  of  left  lower  involvement, 
in  60%  of  right  lower,  and  in  62.4%  of  right  middle  involvement.  Taking  into 
consideration  the  larger  number  of  cases  of  left  lower  involvement  (483)  as 
against  those  of  right  lower  and  middle,  310,  and  284,  respectively,  we  appear 
to  have  confirmation  of  the  result  obtained  by  W'alsh  who  stated  that  in  pul- 
monary tuberculosis  the  disease  would  seem  to  begin  in  most  patients  at  the 
right  apex,  the  subsequent  extension  being  to  the  left  apex  and  then  to  the  base 
of  the  left  lung. 

TUBERCULIN    TESTS. 

The  tuberculin  tests  employed  by  all  examiners  have  consisted  entirely  of 
those  dependent  upon  the  local  specific  reaction  occurring  as  the  result  of  the 
application  of  tuberculin  to  the  abraded  surface  of  the  skin  or  the  mucous  mem- 
brane of  the  conjunctiva.  At  first  the  majority  of  examiners  hesitated  to  make 
use  of  the  conjunctival  test  but  finally,  being  convinced  of  its  freedom  from  dan- 
ger when  properly  applied  in  selected  cases  and  its  obvious  superiority  over  the  I 
hypersensitive  vaccination  test,  they  have  employed  it  freely.  At  many  small 
places  where  clinics  were  held  for  a  single  day  only,  it  was  impossible  to  apply  | 
the  test.  However,  in  the  larger  centers  where  clinics  were  held  on  tw^o  or 
three  successive  days  the  test  was  extensively  used  on  suspicious  cases.  The 
added  value  of  the  opportunity  to  examine  the  suspected  individual  on  two  suc- 
cessive days  cannot  be  overestimated  and  frequently  resulted  in  the  obtaining  of 
valuable  positive  evidence  even  in  the  presence  of  a  negative  tuberculin  test. 
In  no  instance  was  a  diagnosis  made  upon  a  positive  tuberculin  test  alone,  nor 
was  a  negative  test  interpreted  as  indicating  the  ab.sence  of  tuberculous  disease.. 

The  record  shows  751  tuberculous  cases  in  which  the  results  of  the  con-l 
junctival  test  have  been  recorded,  583  of  which  were  positive  and  168  nega- 
tive. Among  these  individuals,  113  gave  a  history  of  pleurisy  at  some  time  in 
the  past  and  of  this  number  88,  or  77.8%,  responded  positively  to  the  test. 
There  were  72  cases  of  pulmonary  hemorrhage,  52  or  72.2%  of  which  re- 
sponded  with   a   positive   tuberculin   test.      Of   the   cases   examined   during   th( 
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afternoon  clinic,  69.27c  of  the  positive  conjunctival  tests  showed  a  febrile  reac- 
tion while  this  was  obtained  in  only  55^2%  of  the  tuberculous  cases  failing  to 
respond  to  the  test  and  examined  at  the  same  time  of  day. 

In   our  preliminary   report   no   tabulation   of   tuberculous   conditions   other 
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than  pulmonary  has  been  presented.  Cases  of  surgical  tuberculosis  without 
demonstrable  pulmonary  involvement  have  presented  themselves  for  examination 
and  gases  in  which  the  process  was  apparently  limited  to  glandular  involvement 
have  been  recorded.     The  total  number  of  such  cases  is,  however,  comparatively 
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small  at  present  and  would  not  appear  to  justify  tabulation  at  this  time.  In  the 
complete  report  it  is  our  intention  to  give  due  consideration  to  the  above  men- 
tioned types  of  the  disease. 

That  the  diagnosis  of  incipient  cases  particularly  has  been  determined  with 
great  care  is  'evidenced  from  the  fact  that  of  the  2957  cases  tabulated  we  have 
definite  records  of  751  who  presented  themselves  at  the  clinic  for  a  second  ex- 
amination. No  single  symptom  or  test  was  relied  upon  as  definitely  determining 
the  diagnosis,  but  the  weight  of  total  evidence  eventually  decided  the  residt. 
That  the  work  has  been  well  done  is  best  indicated  by  the  results  obtained  from 
the  total  compilation  with  regard  to  various  phases  of  the  problem,  which  in 
no  way  varies  from  the  logical  or  the  expected.  Whenever  a  doubt  has  remained 
in  the  mind  of  the  examiner,  the  case  has  not  been  pronounced  positive,  but  has 
been  classified  as  suspicious.  In  all  positive  and  suspicious  cases  a  copy  of  the 
physical  findings  has  been  placed  in  the  hands  of  the  attending  physician  and 
the  patient  has  been  advised  to  call  upon  his  physician  for  periodic  examinations 
and  medical  supervision.  Thus  in  the  case  of  a  given  individual  classified  as 
suspicious,  the  findings  of  the  examiner  consisting  of  prolonged  expiration  at 
the  right  apex  associated  with  a  suggestion  of  crepitant  rales  beneath  the  outer 
third  of  the  right  clavicle  are  furnished  the  attending  physician  who  by  sub- 
sequent examination  of  the  chest,  repeated  if  necessary,  will  eventually  de- 
termine the  tuberculous  or  nontuberculous  character  of  the  case.  It  is  safe  to 
infer  that  individuals,  who  have  availed  themselves  of  the  opportunities  afforded 
by  the  clinic,  will  in  the  majority  of  instances  see  that  they  have  proper  subse- 
quent supervision. 

Credit  is  due  the  medical  profession  of  the  state  for  their  hearty  coopera- 
tion in  the  work  of  the  survey.  Physicians  generally  showed  great  interest,  at- 
tended the  clinics  and  aided  materially  in  the  discovery  of  cases  in  their  locality. 

In  conclusion  we  wish  again  to  emphasize  the  fact  that  as  a  result  of  the 
survey,  2957  positive  cases  have  already  been  discovered.  These  represent  an 
equal  number  of  potential  sources  of  infection  to  others,  some  actively  infectiovis 
at  present;  1715  incipient  cases,  mostly  closed,  innocuous  at  present  but  repre- 
senting sources  of  infection  in  the  future  provided  they  are  not  properly  cared 
for.  The  great  majority  of  these  1715  cases  will,  under  proper  supervision,  com- 
pletely recover  without  at  any  time  being  sources  of  danger  to  others  and  ulti- 
mately will  take  their  places  among  the  useful  citizens  of  the  commonwealth. 
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Part  II. 

TRAXS.MISSIOX    OF   SPIRONEMA  AND  TREPONEMA   TO   MAN   AND  ANIMALS. 

UNDER  natural  conditions  the  transmission  of  a  blood-inhabiting  Spironema  to 
man  or  animals  is  effected  through  the  bite  of  an  infected  blood-sucking  in- 
sect. The  transmitter  in  each  instance  is  highly,  if  not  strictly,  specific,  although 
other  blood-sucking  insects  may  also  be  infected  by  sucking  the  blood  of  an  animal 
which  is  suffering  from  an  infection  with  any  of  the  pathogenic  blood  spirone- 
mata.  These  unnaturally  infected  ticks,  bedbugs,  fleas,  or  lice  are  not  good 
transmitting  agents  as  compared  with  the  natural  carrier  of  the  infection.  That 
the  Spironema  in  such  nonspecific  insects  can  survive  for  some  time  can  be 
shown  when  the  disease  is  produced  in  a  susceptible  animal  by  inoculating  it 
with  the  crushed  material  of  the  infected  insects.  It  is  possible,  therefore,  that 
an  infection  can  be  occasioned  by  smearing  the  excreta  or  crushed  body  contents 
of  the  infected  insect  over  any  defect  of  the  epidermic  layer  of  a  susceptible  sub- 
ject. For  example,  in  the  case  of  Spironema  recurreiitis,  both  body  lice  and  bed- 
bugs may  be  infected  by  sucking  the  blood  of  a  patient  suffering  from  the  Euro- 
pean relapsing  fever,  but  the  lice  alone  can  transmit  the  disease  to  the  next 
person  they  bite.  Bedbugs  are  never  known  to  spread  the  infection  by  their  bites 
although  by  crushing  the  infected  bugs  directly  over  a  minute  skin  trauma 
(scratch,  etc.)  a  person  may  become  infected.  A  brief  summary  is  given  below 
of  the  natural  intermediary  hosts  of  different  bearing  spironemata,  as  well  as 
certain  experimental  data  bearing  on  the  role  -of  other  blood-sucking  insects  and 
on  the  susceptibility  of  various  animals  of  each  Spironema. 

Spironema  recurrentis,  the  causative  agent  of  the  European  relapsing  fever, 
is  naturally  transmitted  by  Pedicnlus  corporis.  Pcdiculus  caputi  was  found  by 
Gonder  to  be  incapable  of  transmitting  the  disease,  although  its  body  may  contain 
the  organisms.  The  common  bedbugs  (Aconthia  lectularia)  may  likewise  harbor 
the  Spironema  for  as  long^^°'  ^^^'  ^'-  as  sixty  days,  but  according  to  the  experi- 
ments of  various  investigators,  does  not  spread  the  infection.  The  rat  louse 
(Hematopinus  spirulosis)  can  carry  the  infection  from  rat  to  rat,  while  the 
monkey  louse  does  the  ^ame  among  monkeys.  Breinl  and  Kinghorn.^^^  as  well 
as  Neumann, i'^*  Manteufel,^^-^  and  Sergent  and  Foley^^*'  succeeded  in  transmit- 
ting the  infection  to  rats  with  ticks  (Ornithodorus  moubata).  Schuberg  and 
Kuhn  report  a  successful  transmission  by  Stomaxys,  the  blood-sucking  flies. 

The  infection  can  be  transmitted  subcutaneously  as  well  as  per  os  in  experi- 1 
mental  animals. 

Infected  organs  fed  to  rats  produce  the  infection  in  these  animals,  as  shown 
by  Uhlenhuth  and  Haendel,^^''  and  others.     Manteufel  considers  the  uninjured 

*From    the    Rockefeller    Institute    for    Medical    Research. 
Harvey  lecture  delivered  on   Februarj'  5,   1916,  at  the  New  York  Academy   of  Medicine. 


SPIROCHETES  473 

skin  permeable  to  S.  recurrent!,  and  Nattan-Larrier  produced  the  infection  per 
vagina,  per  penis,  etc.,  in  rats,  while  Gozony  successfully  transmitted  the  disease 
also  by  means  of  subcutaneous,  conjunctival,  and  intestinal  application  of  the 
Spironema.  Schellack,^^®  who  obtained  a  positive  result  in  one  out  of  twenty- 
eight  experiments  on  rats,  was  able  to  demonstrate  a  microscopical  defect  of  the 
skin  at  the  point  of  entrance.  The  organism  is  experimentally  transmissible  to 
monkeys,  and  from  monkeys  to  rats,  mice,  guinea  pigs,  and  sometimes  rabbits. 

S.  dnitoni,  the  causative  agent  of  the  African  tick  fever,  is  normally  carried 
by  Oniithodorus  moubaia,  as  was  recognized  by  Button  and  Todd,"^  and  Koch.^^^ 
The  last  named  investigator  discovered  the  Spironema  in  the  ovaries  four  to  five 
days  after  the  tick  had  sucked  the  infected  blood.  Carter^-*''  confirmed  this  find- 
ing, while  Neumann^^*  found  the  organisms  in  freshly  laid  eggs.  Hereditary 
infection  for  one  or  more  generations  was  shown  to  occur  by  the  study  of  Button 
and  Todd,  Wolbach,^*^  and  others.  The  tick  is  infectious  an  hour  after  sucking 
and  remains  so  as  long  as  90  days  (Wittrock^*-).  This  author  always  found  the 
Spironema  in  the  infective  ticks.  Oniithodorus  savignyi  has  been  suspected  of 
carrying  the  infection,"-^  and  Brumpt  once  succeeded  in  infecting  a  monkey  by 
this  tick.  Robledo  holds  Argas  aniericanus  responsible  for  the  spreading  of 
S.  noz-yi  (the  American  type  of  relapsing  fever)  in  Columbia,  but  this  theory^ 
calls  for  further  investigation.  According  to  Breinl  and  Kinghorn,^"  the  rat's 
fetus  may  be  infected  through  the  placenta  when  a  mother  rat  is  inoculated  with 
S.  duttoni.  The  organism  is  experimentally  transmissible  to  rats,  mice,  monkeys, 
guinea  pigs,  and  rarely  to  rabbits. 

As  has  been  briefly  mentioned  elsewhere,  Leishman,  Fantham,  Hindle,  and 
others  assume  a  granular  or  coccoid  phase  in  the  life  history  of  this  and  allied 
species,  and  maintain  that  the  Spironema  gradually  undergoes  granulation  when 
it  reaches  the  tick's  body  and  multiplies  in  the  Malpighian  tubules  and  ovaries. 
The  tick  becomes  infective  after  an  incubation  of  1  to  2  days  at  37°C.  Hindle"" 
demonstrated  the  infectivity  of  the  coxal  fluid  in  which  he  found  numerous  gran- 
ules and  some  spironemata.  This  investigator  thinks  that  the  Spironema  or  in- 
fective granules  in  the  coxal  fluid  enter  the  body  of  persons  through  the  wound 
produced  by  the  bite  of  the  tick.  The  infected  eggs  become  infective  after 
being  incubated,  as  was  demonstrated  by  Hindle  by  injecting  the  crushed  ma- 
terial into  the  susceptible  animals;  Leisliman^*"'- ""^  found  numerous  spiral  rods 
in  the  infected  tick  eggs  when  the  latter  were  incubated  for  a  few  days  at  35 ^C. 
Schubert  and  Manteufel  showed  the  infectivity  of  the  ticks  to  be  lost  when  they 
arc  ke])t  at  a  temi)craturc  below  22  C,  hut  (j(jnder  failed  to  tind  any  such  dif- 
ference. Marchoux  and  Couvy,  Gleitmann,  AX'olbacli,  Wittrock,  Kleine  and 
Eckard.  and  others,  believe  that,  wherever  infectivity  is  jircscnt,  there  are  al- 
ways to  l)e  found  some  tyi)ical  spironemata,  either  in  the  tick  or  in  its  eggs. 

Spiroiicuui  bcrbera  (the  North  African  type)  is  carried  by  rcdiculus  cor- 
poris, but  n(jt  by  Argas,  the  flea  or  bedbug""' ""^  (  Scrgent,  Gillet,  and  Foley). 
S.  carteri  is  also  transmitted  by  body  lice.  In  thi'^  case  Mackie"''  found  the 
organisms  more  numerous  in  the  female  lice  than  in  the  male;  they  are  distrib- 
uted in  the  mouth,  stomach,  and  digestive  tract.  Mackie  believes,  lio\\e\er.  that 
Acanthia  lectiilaria  sometimes  carries  the  infection. 
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Among  the  ticks  which  transmit  Spironema  in  cattle  and  sheep  may  be  men- 
tioned Boophilus  decolaratus  and  Rliipicephalus  ei'crtsi.  The  virus  is  carried  by 
heredity.  The  causative  agent  of  chicken  fever,  S.  gallinariim,  is  carried  by 
Argas  persicus  under  natural  conditions,  while  other  species  (Argas  rcflcxus  and 
Argas  miuiatus)  can  transmit  the  disease  experimentally. ^^^  Ornithodorus  mou- 
bata  is  doubtful,  as  Schellack^'^*  failed  to  produce  the  infection  while  Fiilleborn 
and  Mayer^-''^'  claim  a  success  with  this  organism.  Schellack  was  able  to  produce 
the  infection  in  3  out  of  the  15  experiments  performed  by  him  on  chickens  by 
the  percutaneous  application  of  the  infected  blood.  Feeding  fowls  with  infected 
ticks  may  cause  the  infection.  The  organism  is  experimentally  transmissible  to 
ducks,  geese,  sparrows,  canaries,  and  sometimes  rabbits.  S.  ictcrohei)iorrhagi(S, 
the  causative  organism  of  Weil's  disease,  has  been  shown  by  Inada  and  his  asso- 
ciates to  be  but  rarely  conveyed  by  direct  contact,  but  no  natural  intermediary 
hosts  have  been  discovered.  The  organisms  are  abundantly  present  in  the  urine 
during  the  convalescent  stage  and  they  are  fully  virulent  for  guinea  pigs.  Ac- 
cording to  the  experiments  of  Inada  and  his  associates,  the  Spironema  as  con- 
tained in  the  liver  emulsion  is  capable  of  penetrating  an  apparently  uninjured 
skin  of  the  guinea  pig  a  short  time  after  contact  (5  minutes  is  sufficient  to  cause 
infection).*  Therefore,  it  is  altogether  possible  to  infect  a  person  through  direct 
contact  with  some  of  the  excreta  of  a  patient.  The  infection  can  be  induced  in 
guinea  pigs  by  introducing  the  infected  material  into  the  stomach  after  it  has  been 
previously  neutralized  with  bicarbonate  of  soda.  In  regard  to  the  Spironema 
found  by  Futaki  and  others  at  the  site  of  or  in  glands  adjacent  to  the  rat  bite, 
we  must  assume  that  this  represents  the  occurrence  in  rats  of  a  pathogenic  Spiro- 
nema which  produces  fever  and  other  symptoms  when  transmitted  to  human 
subjects.  Further  investigation  in  this  direction  is  most  desirable.  The  organ- 
ism is  most  easily  experimentally  transmissible  to  guinea  pigs.  Monkeys,  rats, 
and  mice  are  less  susceptible. 

Prior  to  Futaki's  work  there  appeared  a  report  by  Kitagawa  and  Muko- 
yama,  who  also  found  a  spironema  in  the  inflamed  tissue  of  the  bitten  finger  of 
a  woman.  By  transmitting  the  tissue  into  guinea  pigs  and  white  rats,  these  au- 
thors claim  to  have  reproduced  symptoms  resembling  the  so-called  rat-bite  fever. 
In  the  smears  of  the  kidney  and  liver  taken  from  the  dead  animals,  they  found 
two  types  of  spiral  organisms ;  namely,  in  the  guinea  pig  tissues,  the  refringens 
type ;  and  in  the  white  rat,  the  minute  and  short  type.  In  examining  the  prepara- 
tions kindly  sent  to  me  by  the  authors,  I  found  their  findings  to  be  entirely  cor- 
rect, but  the  refringens  type  is  more  like  T.  )nacrodcntmm  and  a  large  number  of 
bacteria,  such  as  fusiform  bacilli,  and  big  rods,  etc.,  were  also  present  in  the  same 
preparations.  As  to  the  short  type,  one  can  only  say  that  its  morphology  is  almost 
indistinguishable  from  that  of  S.  muris  or  S.  iiiicrogyratum.  These  organisms 
do  not  agree  with  the  illustrations  and  description  of  the  Spironema  reported 
some  time  later  by  Futaki  and  others.  In  the  case  of  Kitagawa  and  Mukoyama, 
the  local  and  general  symptoms  may  have  been  due  to  a  mixed  infection  by  the 
oral  flora  of  a  rat. 

The  Spironema  of  relapsing  and  tick  fevers  also  cause  in  man  a  well  char- 

*Of  eight  guinea  pigs  experimented  upon,  only  one  escaped  the  infection  which  developed  in  from 
ten  to  twelve  days  with  typical  symptoms. 
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acterized  type  of  fever  accompanied  by  two  attacks  interrupted  by  a  period  of 
apyrexia  lasting  several  days.  During  the  apyrexia  the  blood  is  free  of  the  para- 
sites. But  it  is  not  at  all  rare  for  the  recidive  to  be  repeated  more  than  once. 
While  at  the  highest  point  of  the  fever  the  organisms  are  most  abundant  in  the 
blood,  they  are  also  present  in  different  organs.  Dutton  and  Todd,  Breinl,  Leish- 
man,  and  Fantham  believe  that  the  spironemata  are  taken  up  by  phagocytes 
within  which  they  undergo  transformation  into  the  granular  phase  wdiich  in  turn 
gives  rise  to  the  new  generation  of  spironema.  Balfour  considered  the  intra- 
globular  forms  of  Spironema  granulosa  penetrans  (similar  to,  probably  identical 
with  S.  gallinaruin)  as  asexual,  and  the  extracellular  forms  as  a  sexual  phase. 
Fantham  observed  some  extracellular  granules  which  may  start  the  relapse. 
Darling  would  hold  the  phagocytized  spironemata  within  the  endothelial  cells  of 
the  liver  responsible  for  the  source  of  the  recidive,  as  he  found  the  organism  to 
remain  intact  for  some  time  during  reconvalescence.  Grabitschewsky  sees  in  the 
surviving  resistant  specimens,  which  had  been  shielded  from  destruction  in  va- 
rious organs,  the  progeny  of  the  organisms  producing  the  second  attack.  In 
the  case  of  S.  carteri,  Mackie  assumed  the  possible  existence  of  an  ultramicro- 
scopic  phase,  as  the  serum  taken  from  a  patient  at  the  apyrexic  period  is  said  to 
be  infective  in  spite  of  the  absence  of  any  spiral  forms.  It  may  be  remarked  that 
to  detect  a  sparse  number  of  any  Spironemata  under  the  microscope  is  one  of  the 
most  difficult  tasks,  and  one  is  very  liable  to  overlook  the  organism. 

T.  pallidum  and  T.  pertenue  are  the  only  pathogenic  varieties  among  the 
group.  In  the  case  of  syphilis  our  knowledge  is  quite  complete,  so  far  as  the 
mode  of  transmission  is  concerned.  On  the  other  hand,  much  still  remains  to 
be  learned  regarding  the  manner  in  which  yaws  is  communicated  from  person  to 
person.  Probably,  like-  syphilis,  its  infection  is  spread  by  direct  contact  with  a 
patient  or  any  object  which,  after  having  been  in  contact  with  a  patient,  harbors 
the  live  organisms,  although  the  possibility  of  transmission  through  flies,  mos- 
quitoes and  ticks  is  not  excluded.  Castellani  and  Chalmers^-^'^  quote  an  instance 
in  which  a  fly  which  sucked  on  a  yaws  papule  infected  a  monkey  whose  eyebrow 
w'as  scarified.  Modder^^-  assumes  transmission  of  yaws  by  ticks  (Argas  and 
Ixodes)  in  Ceylon.  It  is  said  that  vaccination  and  wet  nursing  spread  the  infec- 
tion. In  order  to  facilitate  their  entrance  into  the  human  body  both  organisms 
need  only  a  microscopical  defect  of  the  epidermis. 

Aiter  penetrating  the  skin  or  mucous  membrane,  T.  pallidum  elicits  a  local 
reaction  characterized  by  the  circumscribed  round  cell  infiltration  known  as 
•chancre  (primary  lesion),  then  several  weeks  later,  about  the  time  when  the 
chancre  recedes,  it  proceeds  to  enter  the  adjacent  lymph  glands  and  general 
cutaneous  and  mucous  membrane  tissues,  producing  roseol-a,  papules,  and  flat 
condyloma.  At  this  period  the  organisms  invade  almost  every  tissue,  producing 
the  so-called  secondary  symptoms.  Periostitis,  meningitis,  iritis,  and  laryngitis 
are  very  frequently  observed.  One  of  the  most  constant  syni|>l(Mns  is  the  W'asscr- 
mann  reaction  in  the  blood  serum. 

After  a  period  of  several  months  longer,  during  which  the  secondar}''  mani- 
festations abate,  another  period  known  as  the  tertiary  stage  may  supervene,  ac- 
<'nmpanied  by  still  deeper  tissue  destruction  caused  in  the  organisms  than  at  any 
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previous  stage.  It  affects  skin,  bones,  visceral  organs,  cardiovascular  system, 
and  central  nervous  system.  The  disease  may  be  progressive  or  marked  with 
alternate  activity  and  latency,  ^'et  in  the  latent  period  repeated  abortions  may 
occur.  From  the  time  of  infection  until  the  central  nervous  system  is  afifected 
(general  paralysis,  tabes),  the  average  period  of  latency  of  the  disease  is  from 
eight  to  twelve  years.  During  the  tertiary  stage  the  lesions  are  often  gummatous 
and  affect  the  connective  tissue  muscles  and  blood  vessels,  while  in  cases  of 
general  paralysis  and  tabes  the  parasites  diffusely  pervade  the  parenchyma. ^■^"'  ^^*' 
155,  156.  'Phis  form  is  a  syphilitic  parenchymi,atous  encephalomyelitis.  In  acquired 
syphilis  T.  pallidum  has  been  demionstrated  in  every  syphilitic  condition.  It  was 
first  demonstrated  in  the  primary  and  secondary  lesions  by  its  discoverers,  Schau- 
dinn  and  Hoffmann  ;  in  liver  gumma,  by  Schaudinn  ;  in  aortitis,  by  Wright  and 
Richardson, ^^"  Schmorl,^^*  and  Reuter  ;^^''  in  arteritis  cerebralis,  by  Bender;^®** 
in  heart  muscles  and  pancreatitis,  by  Warthin  ;^''^  in  adrenal  glands,  by  Hoff- 
mann,^*'- Jacquet  and  Sezary  ;^*'"  in  nephritis,  by  Hoffm.ann  ;^''*  in  the  cerebrospinal 
fluid,  by  Hoffmann, ^"^^^  Nichols  and  Hough, ^''*'  and  Sezary  and  Paillard  ;^^^  in  the 
blood  during  the  secondary  stage,  by  Uhlenhuth  and  Mulzer;^"*  in  paresis,  by 
Graves  ;^®^  in  interstitial  keratitis,  by  Igersheimer  ;^'"  in  cerebral  gumma,  by  Dun- 
lap  ;^^^  in  the  paretic  brains,  by  Noguchi  and  Moore,"-  Marinesco  and  Minae,^" 
Levaditi,  Marie  and  Banko  .vsky,"*  Mott,  Rosanoff,"^  Tomasczewski  and  For- 
ster.^'*'  Wile,"'  and  others;  in  spinal  cord,  by  Noguchi,"*  Verse, "^  and  others. 
It  should  be  mentioned  that  the  first  demonstration  of  T.  pallidum  in  sections  of 
tissues  from  acquired  syphilis  was  accomplished  by  Bertarelli  and  Volpino^*"  by 
means  of  their  silver  impregnation  method  which  has  since  been  superceded  by  a 
similar  procedure  amended  by  Levaditi. 

In  congenital  syphilis  the  number  of  organisms  present  in  the  different 
organs  and  in  different  fetuses  varies  greatly.  In  some  it  may  be  extremely 
tedious  to  demonstrate  the  organisms,  in  others  the  whole  fetus  may  be  thickly 
interwoven  with  the  intertwining  nets  of  treponemata.  The  favorite  site  of 
invasion  is  the  liver  and  skin,  although  stomach,  intestines,  adrenals,  kidney, 
spleen,  heart  muscles,  pancreas,  bone  marrow,  lymph  glands,  thymus,  testes, 
ovaries,  and  brain  have  been  shown  to  contain  the  parasites,  even  in  large  num- 
bers in  certain  instances. ^^^  The  placenta  and  navel  cord  are  also  affected.  For 
the  first  demonstration  of  the  organisms  in  congenital  lues,  we  are  indebted  to 
Levaditi,^*-  who  introduced  his  well  known  silver  impregnation  method  for  this 
study.  According  to  personal  experiences  in  connection  with  syphilitic  infants 
who  lived  several  days  after  birth,  the  number  of  pallida  present  was  always  very 
small  and  it  sometimes  required  many  hours'  search  to  find  a  single  specimen. 
A  striking  difference  between  syphilis  and  yaws  is  the  absence  in  yaws  of  vis- 
ceral affections  and  of  the  nervous  involvement.  Much  yet  remains  to  be  investi- 
gated with  regard  to  the  relationship  between  syphilis  and  yaws,  the  causative 
agents  of  which  bear  so  great  a  morphological,  and,  to  a  certain  extent,  a  biolog- 
ical resemblance  toward  each  other. 

The  transmissibility  of  syphilis  to  animals  was  long  the  subject  of  study  by 
earlier  investigators,  but  the  first  conclusive  experiments  in  this  connection  were  j 
furnished  by  Metchnikoff  and  Roux^*^  who  succeeded  before  the  discover}'  of  ' 
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T.  pallidum  by  Schaudinn  in  producing  the  primary  and  secondary  lesions  in  the 
chimpanzee.  It  was  also  shown  that  these  lesions  were  transferable  to  further 
series  of  animals.  Immediately  after  the  discovery  of  T.  pallidum  in  human 
syphilitic  tissues.  Metchnikoff  and  Roux  found  the  same  organism  in  experi- 
mental syphilis,  thus  closing  up  the  first  link  of  the  chain  of  evidence  which 
was  to  prove  the  specificity  of  the  organism  for  syphilis.  They  also  infected 
macacus  monkeys  with  the  virus  derived  from  the  chimpanzee.  Soon  afterward 
Schultze^**  and  Bertarelli^"'  produced  syphilitic  keratitis  in  rabbits,  while 
Parodi^*"  selected  the  testes  (intratesticular)  to  transmit  the  human  strain  to  the 
rabbit.  This  work  has  been  extended  and  elaborated  by  later  investigators,  par- 
ticularly by  Neisser,^*'  Hoffmann,  Loehe,  and  Mulzer,^**  Uhlenhuth  and  Mul- 
zer,i«^  brouven,"°'  "i-  i«-  Nichols,^"^  Tomasczewski,i^*-  i"-  ^'"'-  i^"  and  others.  In 
monkeys  the  best  site  for  inoculation  is  the  eyebrow,  while  in  rabbits  intratestic- 
ular, scrotal,  intraocular  and  intracardial  inoculations  were  recommended.  For 
the  purpose  of  keeping  up  the  pallidum  strain,  the  intratesticular  mode  is  pref- 
•  erable,  especially  when  it  is  desired  to  obtain  a  pure  material  for  cultivation 
(Uhlenhuth.  Noguchi)  ;  but  in  case  of  utilizing  the  lesions  in  order  to  determine 
the  effect  of  a  therapeutic  agent,  Hata^--  recommends  the  scrotal  chancre  method 
introduced  by  Tomasczewski,^^*  wherein  he  is  supported  by  the  experience  of 
Brown  and  Pearce."^  With  the  purpose  of  causing  a  generalized  syphilis  in  the 
rabbit — which  animal  is  usually  refractor)-  to  the  systemic  pallidum  infection — 
Grouven  reports  the  intracardial  introduction  of  a  large  quantity  of  the  pallidum 
in  half-grown  rabbits.  My  own  numerous  attempts  to  produce  generalized  syphilis 
by  this  method  completely  failed,  probably  owing  to  the  difference  in  the  strains 
employed.  It  may  be  mentioned,  however,  that  with  certain  pallidum  strains 
symptoms  similar  to  human  secondaries  or  tertiaries  could  be  produced  by  means 
of  intravenous  or  intratesticular  inoculation.  I  have  a  few  times  observed  iritis, 
keratitis,  and  squamatous  or  ulcerative  skin  lesions,  in  the  last  of  which  the  palli- 
dum could  be  demonstrated.  Nichols  and  Hough^""  were  the  first,  however,  to 
isolate  a  strain  from  a  case  of  nervous  recidive  which  constantly  invaded  the 
cornea,  even  before  the  local  symptoms  (testis)  commenced  to  appear.  This 
strain  has  most  persistently  caused  keratitis  and  choroidoretinitis  in  rabbits.  This 
phenomenon  led  Nichols  to  assume  that  the  strain  possessed  a  highly  invasive 
character.''"'  The  patient  from  whom  this  strain  was  obtained  died  several 
months  later  of  a  rapidly  progressive  form  of  meningo-encephalitis,  and  the 
I  duration  of  the  infection  (from  the  time  of  the  chancre  to  death)  was  very  short. 
!  Nichols,  therefore,  considered  that  this  case  was  explained  bv  the  character  of 
{  the  strain.  Reasoner^""  also  obtained  a  strain  from  a  rapidly  fatal  case  which  was 
characterized  by  the  early  production  of  choroiflitis  in  rabbits.  In  some  rabbits 
the  choroiditis  was  the  only  symptom  in  spite  of  its  1  cing  intioduccd  iiilo  tiie  tes- 
I  tis  or  vein.  While  studying  ten  different  strains  of  'frcponciua  pallidniii  1  was 
!  once  struck  with  the  constancy  with  which  the  various  types  were  associated 
with  certain  distinct  characters  of  the  lesions  produced  in  rabbits.  For  examjile. 
j  I  could  discern  the  differences  among  different  strains  in  the  width,  length,  and 
I  number  (jf  curves  to  a  given  space,  etc.  I  divided  these  strain-<  into  a  thick,  a 
I    thin,  and  a  medium  type.     The  differences  were  great  enough  to  enable  me  to 
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identify  diiTerent  strains  as  belonging  to  any  one  of  the  three  types. -"^  In  a  series 
of  passages  covering  a  period  of  about  one  year  and  a  half,  it  was  found  that  the 
thin  type  produced  a  soft,  difilusely  swelhng  orchitis  within  10  to  14  days  and  did 
not  form  any  definite  nodules  even  after  six  weeks.  On  the  other  hand,  the 
thick  type  produced  a  hard,  circumscribed  nodule  of  varying  size  within  about 
six  weeks.  Its  development  w'as  unusually  slow  and  the  nodule  remained  for 
several  more  w^eeks.  The  character  of  the  syphiloma  produced  by  the  medium 
type  was  a  large,  moderately  firm  orchitis,  which  started  to  be  palpable  at  the 
end  of  about  four  weeks.  As  will  be  mentioned  later,  these  three  type  strains 
were  cultivated  in  an  artificial  medium  and  were  found  to  retain  their  morpho- 
logical characteristics  unchanged.  Again,  my  experience  with  the  two  paretic 
strains  of  Treponema  pallidum  transmitted  from  human  brains  to  rabbits'  tes- 
ticles (using  36  rabbits  for  six  specimens  of  brains)  showed  me  that  they  were 
of  lower  virulence  than  the  ordinary  chancre  strains  in  my  possession,  as  they 
required  97  and  102  days  respectively  before  the  lesions  could  be  definitely  dem- 
onstrated.^^^  With  the  usual  skin  strains  four  weeks'  incubation  is  the  aver- 
age. Wile^"  recently  reported  a  successful  transmission  of  the  pallidum  from  the 
living  paretics  to  rabbits'  testicles  (using  one  rabbit  for  six  specimens  of  brains) 
in  which  the  lesions  appeared  within  14  days,  and  he  concluded  that  the  paretic 
strains  were  more  virulent  than  the  ordinary  strains.  It  may  be  recalled  that  the 
persistent  endeavors  to  produce  syphilitic  orchitis  in  rabbits  by  means  of  the 
paretic  brains  was  not  limited  to  a  few  investigators.  Tomasczewski  and  For- 
ster,^°^  who  in  1913  performed  the  Neisser-Pollack  puncture  on  62  cases  at  the 
University  Institute  in  Berlin  and  found  numerous  examples  of  the  motile  pallida 
in  29  cases  of  the  removed  material,  inoculated  a  large  number  of  rabbits.  Their 
results  were  uniformly  negative.  Marie,  Levaditi  and  Bankowsky,  Marinesco, 
Mott,  and  others  also  failed  to  obtain  a  single  positive  result.  Another  interest- 
ing feature  characteristic  of  the  strain  obtained  by  \\'ile-''^  is  the  readiness  with 
which  it  at  once  adapted  itself  to  an  artificial  culture  medium,  generally  known 
to  be  unsuitable  for  the  purpose  of  obtaining  an  initial  growth  with  any  strain 
which  is  transmitted  to  the  rabbits'  testicle.  As  I  have  pointed  out  on  several 
previous  occasions,  a  solid  medium  consisting  of  fresh  tissue,  ascitic  fluid  and 
agar,  is  not  suitable  for  such  a  purpose,  and  this  fact  has  been  confirmed  by  numer- 
ous investigators  (Uhlenhuth.  Zinsser  and  Hopkins,  and  others). 

It  will  be  incomplete  if  we  pass  on  without  reviewing  the  interesting  obser- 
vations of  Graves. ^''^  who  succeeded  in  infecting  a  certain  number  of  rabbits  by 
injecting  the  blood  of  paretic  patients.  Graves  obtained  the  blood  in  small  glass 
ampules  (sterile)  which  were  immediately  sealed.  The  different  specimens  were 
put  in  an  incubator  at  about  37°C.,  and  after  a  number  of  days  the  contents  of 
these  ampules  were  inoculated  into  the  testicles  of  rabbits.  Although  the  majority 
of  the  inoculations  were  negative,  he  found  a  strain  developing  in  one  of  the 
animals.  Morphologically,  the  organisms  were  the  typical  pallidum  and  produced 
local  as  well  as  generalized  reactions  (ulcerative  lesions  near  the  nostrils,  anus, 
prepuce,  vagina,  etc.)  wherein  the  organisms  were  demonstrated.  The  incubation 
period  of  average  duration  is  about  three  to  four  weeks.  This  strain  was  char- 
acterized by  the  early  appearance  of  keratitis  in  rabbits.     The  observation  of  , 
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Graves  furnishes  us  with  a  problem,  viz.,  the  fact  that  the  sample  of  paretic  blood 
sealed  m  a  tube  and  left  many  weeks  and  months  at  an  indifferent  temperature 
was  still  capable  of  infecting  a  rabbit  with  such  extreme  severity.  Yet  Graves 
never  succeeded  in  cultivating  any  strain  of  such  samples ;  neither  could  he 
demonstrate  the  presence  of  any  definite  pallidum.  Therefore,  as  Graves  seems 
to  think.  Trepoiicina  pallidum  must  possess  a  stage  of  its  life  cycle  which  is  still 
little  understood  by  us.  Can  there  be  a  resistant  form  which  remains  dormant 
for  years  until  favorable  conditions  are  secured?  Clinical  evidence  has  suggested 
this  idea  to  certain  syphilologists.  Personal  experiences  with  cultivated  strains 
of  TrepoiK^nia  pallidum  do  not  justify  my  assuming  the  existence  of  a  resistant 
form,  except  for  the  fact  that  the  pallidum  under  cultural  conditions  is  one  of  the 
most  viable  organisms.  In  suitable  media  it  survives  over  one  year  when  kept 
at  37°C.,  and  it  is  not  impossible  that  under  naturally  favorable  conditions  it  may 
remain  dormant  for  many  years. 

Several  other  animals  besides  monkeys  and  rabbits  are  susceptible  of  the 
disease.  In  dogs  and  sheep  (Bertarelli,  Hoffmann,  Briining),  in  guinea  pigs  and 
goats  (Bertarelli),  and  in  cats  (Levaditi  and  Yanianouchi )  specific  keratitis  has 
been  produced.  Testicles  of  guinea  pigs  (Truffi,  Tomasczewski,  W.  H.  Hoft'- 
mann,  Uhlenhuth  and  Mulzer)  and  goats  (Ulilenhuth  and  Mulzer)  are  also  sus- 
ceptible to  infection  by  Treponema  pallidum.  Schereschewsky  reported  a  scrotal 
chancre  experimentally  produced  in  a  pig. 

Treponema  pertenue  has  been  successfully  transmitted  into  monkeys  by 
Xeisser,  Baermann  and  Halberstadter-°*  with  skin  papules,  and  by  Castellani-^-^ 
with  a  punctate  of  the  spleen  of  a  patient.  Nichols^"®  transmitted  it  from  man  to 
Macacus  rhesus  and  then  from  the  latter  to  the  rabbit.  In  the  rabbit's  testicle  it 
[•reduces  a  hard  induration  much  like  a  syphilitic  chancre.  The  parenchymatous 
fjrchitis  finally  extends  over  to  the  tunica  and  scrotum  in  which  an  extensive 
ulcerative  indurated  lesion  results.  When  inoculated  to  the  eyebrows  of  Maca- 
cus rhesus,  the  yaws  organism  produces  highly  destructive  ulcerative  papules 
which  may  remain  unhealed  for  many  months.  In  these  lesions  Treponema  per- 
tenue can  easily  be  demonstrated.  Halberstadter-°^  observed  a  generalized  erup- 
tion in  an  orang-outang  4  months  after  moculation.  In  lower  monkeys  the  lesion 
remains  localized  and  heals  in  from  three  to  thirteen  weeks ;  sometimes  it  may 
result  in  a  serpiginous  recidive  which  tends  to  become  diffuse. 

FILTERABILITY  OF  SPIKOXE.AIA  AND  TKlCPONKM  A. 

According  to  the  experiments  of  Novy  and  I\nai)p,'^  Spironema  recurreiitis 
and  5*.  duttoni  pass  in  one  form  or  another  through  the  pores  of  Berkefeld  filters, 
the  walls  of  which  were  either  previously  shaved  oft  to  a  thickness  of  1.4  to  2.5 
inm.  or  left  intact  (4.2  mm.)  as  the  filtrates  obtained  by  this  procedure  were  able 
to  produce  in  susceptible  animals  a  slight  infection  accompanied  by  sparse  spi- 
ronemata  appearing  in  the  l)lood.  The  scarcity  of  the  organism  is  ascribed  to 
the  presence  of  immune  sul)stanccs  in  the  filtrate  wliich  was  sinniitanoously  in- 
troduced. Breinl  and  Kinghorn' ''•  obtained  similar  results  with  unniivdilied  lillors. 
In  neither  instance  did  the  infective  filtrates  contain  ihc  Spironema  in  its  spiral 
form.    Their  experiments  tended  to  suggest  a  filterai)le  phase  in  the  life  cycle  of 
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this  organism.  Todd  and  W'olbach-"®  report  the  successful  filtration  of  the  organ- 
ism through  the  Berkefeld  filters  N  and  V,  by  pressures  of  fifty  to  ninety  pounds 
to  the  square  inch.  Under  these  conditions  the  organism  traversed  the  tortuous 
pores  of  the  filters  and  was  seen  to  have  retained  its  usual  spiral  form  when  it 
appeared  in  the  filtrate.  Todd  succeeded  in  finding  the  organisms  in  the  filtrates 
of  one  experiment  into  which  the  control  bacteria  did  not  pass.  \\'olbach  found 
the  Spironema  in  the  act  of  passing  through  the  pores  by  preparing  a  thin  sec- 
tion of  the  filter  which  had  been  employed  for  the  filtration.  He  is  of  the  opinion 
that  the  infectivity  of  a  filtrate  is  due  to  the  presence  of  the  regular  organism  and 
not  to  that  of  filterable  granules,  as  is  assumed  by  others.  C.  Fraenkel  failed  to 
obtain  an  infective  filtrate  with  any  filtrates  whatever. 

Spironema  icterohemorrhagicc  was  found  by  Inada  and  his  associates'^  to 
pass  through  the  Berkefeld  filters,  grades  V  and  N.  Out  of  28  experiments  the 
filtrates  were  found  to  be  infective  for  guinea  pigs  fifteen  times.  It  is  not  stated 
whether  the  filtrate  contained  the  Spironema  in  a  regular  form.  Huebener  and 
Reiter-^'^  also  report  the  filterability  of  the  virus  of  Weil's  disease  prevalent  in 
Germany.  Since  they  claim  a  spiral  organism,  Spirochcrta  nodosa,  found  by  them 
to  be  the  etiological  agent,  the  samic  organism  must  be  considered  filterable.  It 
passes  through  the  Berkefeld  filters  V  and  N.  As  mentioned  elsewhere,  Spiro- 
nema.nodosum  {Spirochceta  nodosa)  is  probably  the  same  organism  as  Spiro- 
nema icterohemorrhagicc  (Spirochceta  icterohemorrhagicr)  discovered  a  year  ear- 
lier by  Inada. 

Treponema  pallidum  and  Treponema  pertenue  are  unable  to  pass  through 
any  bacteria-proof  filters  when  filtered  by  the  usual  processes  [application  of  a 
vacuum  or  a  positive  (compressed  air)  pressure].  Metchnikofif,  Klingmiiller 
and  Baermann,-^"  Casagrandi  and  de  Luca,-"  and  many  others,  established  this 
fact  in  the  case  of  syphilis,  and  Castellani  in  the  case  of  yaws.  On  the  other 
hand,  the  pallidum  can  grow  through  the  pores  of  the  Berkefeld  filters, ^^  grades 
V  and  N,  and  appear  in  the  filtrate  when  provided  with  favorable  ctiltural  condi- 
tions for  several  days.  On  the  fourth  day  the  young  forms  commence  to  appear 
in  the  fluid  which  collects  in  the  empty  tube  that  is  fitted  up  to  receive  the  drops  j 
that  fall  by  spontaneous  diffusion  without  suction  or  pressure.  This  phenome-  j 
non,  which  was  first  noticed  and  utilized  by  myself  when  obtaining  a  pure  culture 
from  mixed  cultures,  has  since  been  confirmed  by  Nakano-^^  and  others. 

There   are  yet   other    spiral    organisms   which    are   of    great   interest    from 
the  standpoint  of  filterability.     Thus,  Wolbach  and  Binger  described  Spiroclucta 
elusa-^^  and  Spirochcrta  biflexa,-'^*  which  they  obtained  in  a  filtrate  of  stagnant 
water  taken  from  the  shores  of  a  fresh  water  pond  in  the  vicinity  of  Boston. 
The  first  was  cultivated  but  the  second  was  not.     With  the  culture  of  S.  elusa,  i 
which  measures  about  0.5   fx  wide  and   20  fi  long  with   an   average   of   six  to  j 
eight  curves,  they  were  able  to  demonstrate  the  organism  in  the  filtrate  within  1 
about  fifteen  minutes.     The  filtration  was  made  by  suction  with  the  Berkefeld ' 
filters,   V   and   N.     The  organism   is  provided   with   one   terminal   flagellum  at! 
each  end  and  is  extremely  motile.     Spirochata  biflexa  is  a  much  more  delicate! 
organism.     Another   filterable  organism,   morphologically   considered   a   "Spiro- 
chseta"  in  the  loose  sense  of  the  term,  was  obtained  by  Wolbach  and  his  asso- 
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ciate,  from  human  feces.  In  explaining  the  filterabiUty  of  these  rather  coarse 
spiral  organisms,  which  are  larger  than  many  bacteria,  W'olbach  considers 
their  plasticity  to  be  one  of  the  important  factors. 

CULTIVATION. 

Only  a  comparatively  limited  number  of  "spirochsetes"  have  been  culti- 
vated on  artificial  media.  Of  the  free-living  varieties  Spirochccta  plicatilis  was 
cultivated  by  Zuelzer--  in  a  flask  containing  }i  liter  of  stagnant  lake  water 
and  yi  liter  of  water  to  which  a  certain  amount  of  hydrogen  sulphide  had  been 
added.  According  to  this  procedure  the  flask  is  hermetically  (anaerobically) 
sealed  after  the  inoculation,  and  hydrogen  sulphide  occasionally  introduced. 
The  role  of  H2S  is  to  produce  sulphur  by  oxidation,  (HjS  +  O  =  H^O  +  S). 
By  this  means  the  organism  can  be  kept  in  culture  for  an  indefinite  period. 
Wolbach's  Spirochccta  elusa  was  cultivated  on  a  hay  infusion  (aerobically)  where 
it  propagates  indefinitely.  This  organism  is  not  allied  to  Ehrenberg's  organism,  but 
appears  more  like  a  Spirillum.  No  culture  has  been  obtained  of  the  molluscan 
cristispira.  Of  the  Spironema  group  several  varieties  have  been  cultivated.  At- 
tempts at  the  cultivation  of  Spironema  novyi  by  Norris,  Pappenheimer,  and  Flour- 
noy^^^  were  partially  successful  in  that  these  investigators  were  able  to  notice  a 
definite  multiplication  of  the  organism  in  human  or  rat  citrate  blood  at  room 
temperature  within  24  hours,  a  second  generation  cultivated  in  a  similar  medium 
bringing  about  the  same  increase  the  next  day.  A  third  generation  was  not  ob- 
tained. Occasional  multiplication  of  the  Spironema  in  a  defibrinated  blood  had 
previously  been  shown  by  earlier  investigators  (Lachmann,  Albrecht,  Gerhardt). 
Cultivation  of  the  blood  Spironema  in  the  strict  sense  of  the  term  was  achieved 
by  the  writer-^'''  ^^^  for  the  first  time  by  employing  a  culture  medium  containing  a 
piece  of  fresh  tissue  (rabbit's  kidney,  etc.),  and  ascitic  fluid  (10  to  12  cm.  deep). 
This  medium  provides  a  condition  that  I  proposed  to  designate  as  an  aerotropic 
anaerobiosis;  that  is,  a  strictly  anaerobic  state  is  produced  around  the  base  of  the 
'  fresh  tissue,  while  the  top  of  the  ascitic  fluid  column  has  access  to  a  certain  quan- 
'  tity  of  oxygen.  The  whole  medium  may  be  covered  with  a  layer  of  sterile  paraf- 
fin oil  in  order  to  prevent  evaporation  of  the  fluid  and  this  regulates  at  the  same 
time  the  amount  of  oxygen  admitted. 
1  When  the  medium  is  inoculated  witli  a  minute  quantity  of  the  Spironcma- 

j  containing  blood  and  then  incubated  at  37°C.  the  organism  multiplies  steadily 
I  until  every  field  will  show  numerous  motile  specimens  which  may  occur  singly, 
I  in  pairs,  or  in  chains  of  three  or  more  individuals.  The  height  of  multiplication 
I  is  reached  within  four  or  six  days,  and  a  sudden  degeneration  of  the  organisms 
!  sets  in  on  the  seventh  to  the  ninth  day.  ]\y  making  subcultures  on  tlie  fourth  or 
j  fifth  day  the  culture  can  be  carried  on  indefinitely.  It  was  found  that  ihe  suc- 
j  cess  or  failure  greatly  depends  upon  the  suitability  of  the  ascitic  fluid  samples. 
j  A  sample  which  forms  a  loose  fibrin  web  with  the  fresh  tissue  (rabbit's  kidney) 
i  within  24  hours  at  37'^C.  gives  the  best  empirical  results.  The  addition  of  glu- 
1  cose  or  peptone  seems  to  hinder  the  growth  of  tiie  Spironema,  and  sterilization  by 
i  filtration  or  fractional  heating  also  impair.s  the  nutrient  value  of  the  medium.  In- 
i    vasion  of  the  culture  by  any  other  bacteria  f|uickly  destroys  the  culture;  in  other 
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words,  no  mixed  culture  has  been  obtained.  So  far  I  have  been  able  to  cultivate 
5.  recurrcntis,  S.  novyi,  S.  duttoni,  S.  kochi  and  S.  gallinarum  by  the  same  method. 
Plotz-^*  successfully  applied  this  method  in  order  to  obtain  a  culture  directly 
from  patients  in  Bulgaria  suffering  from  the  European  relapsing  fever.  Accord- 
ing to  Hata,-^^  instead  of  the  fresh  tissue  and  ascitic  fluid,  a  medium  consisting  of 
a  piece  of  blood  coagulum  and  serum  of  the  horse  may  be  satisfactorily  used  for 
cultivating 5.  recurrentis.  At  the  temperature  of  35°C.  the  culture  in  this  medium 
remains  actively  motile  for  a  month  (Hata).  None  of  the  spironemata  causing 
septicemia  in  man  or  birds  have  been  cultivated  on  a  solid  medium,  and  nothing 
is  known  about  such  colonies.  In  a  fluid  medium  they  produce  a  diffuse  opales- 
cence, but  no  definite  change  of  the  medium  is  noticed.  No  odor  or  gas  or  change 
in  the  reaction  has  been  detected  in  the  culture.  Their  virulence  remains  unat- 
tenuated  for  many  generations  of  artificial  cultivation. 

From  the  oral  cavity  S.  vincenti  and  several  spiral  organisms  have  been 
obtained  in  pure  cultures  by  various  investigators.  Tunniclift'--°  considers  S. 
vincenti  and  Bacillus  fusiformis  to  be  identical,  but  different  phases  of  develop- 
ment and  under  var\^ing  conditions.  All  these  organisms  are  strictly  anaerobic 
and  can  be  cultivated  by  the  usual  anaerobic  methods  on  solid  media  (glucose 
agar  with  or  without  animal  proteins ) .  They  form  definite  colonies  comparable 
to  any  other  bacteria  and  some  are  putrefactive  or  acid-producing  organisms.  I 
am  inclined  to  regard  them  as  allied  to  Spirillum  rather  than  to  Spironema. 

Spironema  icferohciiiorrhagicc  has  been  cultivated  by  Inada  and  Ito  in  the 
same  medium  as  was  originally  employed  by  the  writer  for  the  cultivation  of 
S.  recurrentis,  S.  duttoni,  S.  gallinarum,  etc.  Ito--^  later  succeeded  in  cultivating 
the  organism  on  agar  or  gelatine  containing  human  or  guinea  pig  defibrinated 
blood  in  the  ratio  of  equal  parts  or  one  to  two  of  blood  and  agar  or  gelatine.  The 
organism  is  said  to  grow  readily  on  these  media  at  a  temperature  of  26°  to  37°C. 
A  good  growth  takes  place  even  at  room  temperature.  Characteristic  cultural 
features,  such  as  gas  or  odor  production,  colonies,  turbidity,  etc.,  have  not  been 
recorded.  In  the  fluid  as  well  as  in  the  solid  media  no_ visible  growth  was  obtained. 
The  culture  is  said  to  remain  virulent  for  many  generations  and  live  over  one 
month  in  a  solid  medium  when  kept  at  about  15°  to  26°C. 

In  proportion  to  its  clinical  importance,  Treponcuia  pallidum  has  ever  since 
its  discovery  in  1905  been  the  subject  of  correspondingly  more  numerous  investi- 
gations. Volpino  and  Fontana---  observed  a  temporary  increase  of  the  organisms 
after  a  piece  of  syphilitic  tissue  had  been  put  in  human  serum  or  defibrinated 
blood  and  then  incubated  at  37°  C. ;  but  no  culture  was  obtained.  Lebailly--^  claims 
to  have  kept  alive  the  pallida  in  the  syphilitic  fetal  tissue  for  15  days  when  put 
in  human  serum  at  37°C.  Levaditi  and  Mcintosh'--*  inoculated  the  inactivated 
human  serum  with  the  expressed  serum  of  a  syphilitic  lesion  of  a  monkey  con- 
taining a  few  pallida,  and,  after  sealing  it  in  a  collodion  sac,  introduced  it  into 
the  peritoneal  cavity  of  a  monkey.  It  was  taken  out  after  a  month  and  was 
found  to  contain  numerous  motile  pallida  along  with  certain  contaminating  bac- 
teria. The  contents  of  the  sac  cultivated  ///  rivo  could  be  successfully  trans- 
ferred from  one  sac  to  another  for  many  passages  with  the  same  result.  The 
impure  pallida  cultivated  by  this  method  were  avirulent  for  monkeys.     Miihlens 
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and  Loehe--^  failed  to  confirm  the  above  findings.  In  1909  Schereschewsky--'^-  --' 
claimed  to  have  succeeded  in  starting  an  impure  culture  of  Treponema  pallidum 
by  implanting  a  semisolidified,  clear  horse  serum  with  a  piece  of  chancre  or  con- 
dyloma inserted  several  inches  below  the  surface.  The  serum  commenced  to 
liquefy  around  the  tissue  and  within  several  days  more  liquefaction  took  place. 
On  examining  the  fluid  or  solid  medium  about  the  tissue  he  found  ver\-  numerous 
actively  motile  spiral  organisms  resembling  the  pallidum.  Some  of  them  were 
coarser  and  less  regularly  curved  and  looked  like  5.  refringens.  An  enormous 
number  of  cocci  or  bacilli  were  also  present.  The  culture  gave  off  an  intensely 
offensive  odor.  Subcultures  were  carried  on  indefinitely.  The  impure  culture 
was  avirulent  for  experimental  animals.  About  the  same  time  Miihlens--*  obtained 
a  pure  culture  of  an  organism  from  a  syphilitic  lymphadenitis  of  man  by  first  using 
Schereschewsky's  medium  and  then  transferring  the  culture  to  another  kind  of 
solid  medium  consisting  of  horse  serum  and  agar.  In  the  latter  he  succeeded  in 
purifying  the  Treponema  from  the  contaminating  bacteria.  Notwithstanding  the 
fact  that  the  organism  was  derived  from,  a  material  in  which  the  pallidum  would 
be  the  only  small  Treponema  and  in  spite  of  its  great  resemblance  to  the  pallidum, 
Muhlens'  culture  has  certain  characteristics  which,  as  will  be  seen  later,  render 
the  organisms  distinguishable  from  the  pallidum  cultures  which  were  obtained 
by  others  (Noguchi,--^' -"°  Sowade,-"^  Tomasczewski,-^'  Bseslack,-^",  Zinsser,  Hop- 
kins, and  Gilbert.-^*  Thus  the  organisms  isolated  by  Muhlens  were  avirulent, 
produced  a  strong  odor,  and  could  grow  from  the  beginning  in  a  horse  serum  agar 
without  the  addition  of  any  fresh  tissue.  A\'.  H.  Hoft'mann-^^  (1910-1911),  a 
coworker  of  Muhlens,  obtained  several  strains  which  were  identical  with  that  of 
Muhlens.  except  for  the  fact  that  he  was  able  to  produce  in  the  rabbit's  testicle  a 
someavhat  acute  or  subacute  inflamniation  by  injecting  a  large  quantity  of  solid 
culture. -^"^  His  description  of  the  experiments  leaves  the  syphilitic  nature  of  the 
lesion  indefinitely  established.  The  extract  of  the  organism  acted  as  an  antigen 
in  the  \\'assermann  reaction,  as  was  also  shown  by  Schereschewsky"'  in  the  case 
of  his  impure  culture ;  but  Muhlens  as  Avell  as  Schereschewsky  obtained  similar 
results  when  extracts  of  other  bacteria  were  used.  Recently  Zinsser  and  Hopkins 
have  confirmed  the  nonspecific  nature  of  so-called  antigens  in  this  type  of  comple- 
ment fixation.  Bruckner  and  Galasesco-'^  (1910)  and  Sowade-^^  (1911)  reported 
the  successful  inoculation  of  rabbits  by  means  of  their  impure  cultures  (Scheres- 
chevvsk}^  medium)  given  intratesticularly  and  intracardially.  Sowade  claims  to 
have  produced  generalized  syphilis  by  the  intracardial  injection  into  half  grown 
rabbits. 

During  1910-1911  I  Avas  engaged  in  cultivating  T.  paUldnui.  Unlike  the 
previous  investigators,  I  had  chosen  the  testicular  sy])hiloma  of  ralil)its  as  the 
material  for  cultivation  for  the  reason  tliat  this  material  affords  a  constant  and 
unlimited  supply  of  a  practically  pure  pallidum  and  as  many  strains  simultaneously 
as  one  desires  to  try.  Besides  the  rabbit  strains  being  alreatly  acclimatized  to  the 
animal,  this  would  more  readily  take  when  a  culture  derived  from  tliis  source 
is  to  be  tested  for  its  virulence.  After  unsuccessful  attempts  to  cultivate  the 
j  pallidum  in  all  the  various  media,  previously  reported  suitable  for  cultivation  of 
'  the  pallidum,  and  a  large  number  of  culture  media  and  conditions  having  also 
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failed,  the  following  two  methods  were  found  to  yield  a  positive  growth  of  the 
organism  on  an  artificial  medium.     As  has  been  mentioned  elsewhere,   neither 
method  is  a  perfect  one  and  only  a  limited  percentage  of  attempts  is  ever  success- 
ful.    The  inconstant  results  are  due  partly  to  the  different  resistance  offered  by 
various  strains  to  the  artificial   cultivation  and  partly  to   certain   still   unknown 
factors   which    enter   into   the   composition   of   the   media.       At   all   events,   the 
greatest  difficulty  in  cultivating  the  pallidum  is  to  obtain  the  first  growth.     As 
the  number  of  generations  increases  the  organism  acquires  an  easier  growth,  and 
after  a  period  of  years  of  life  in  the  culture,  the  organism  becomes  quite  sapro- 
phytic  and  may  grow   even  without  the  addition  of   fresh  tissues.     The  strict 
requirements  demanded  by  anaerobiosis  and  by  the  reactions  and  compositions  of 
the  media  become  more  and  more  lax,  until  the  culture  may  adapt  itself  to  a  great 
many  cultural  conditions.     The  two  methods  above  mentioned  are   ( 1 )   a  fluid 
medium  consisting  of  a  suitable  sample  of  ascitic  fluid  or  sheep  serum  water  (Hiss) 
with  the  addition  of  a  piece  of  freshly  removed  kidney  or  testicle  from  a  normal 
rabbit;  and  (2)  a  solid  medium  consisting  of  a  mixture  of  ascitic  fluid  and  agar 
with  the  addition  of  a  piece  of  fresh  tissue  as  above  described.     The  use  of  the 
fresh  tissue  seems  to  ofifer  twofold  advantages :    first,  as  an  oxygen  absorbent  as 
originally  recommended  by  Th.  Smith, -^^  and  secondly,  as  a  source  of  nutrient 
substances  needed  for  the  pallidum.     The  first  method  (fluid  medium)  is  applied 
exclusively  for  the  cultivation  of  the  testicular  pallidum  from  rabbits,  and  the 
second  (solid  medium)  is  only  used  to  cultivate  the  impure  material  derived  di- 
rectly from  human  syphilitic  tissues.     The  first  method   requires  an  anaerobic 
apparatus,  as  a  complete  removal  of  oxygen  from  the  atmosphere  in  which  the 
cultivation  is  to  be  carried  out  is  essential,  while  for  the  solid  medium  a  layer  of 
sterile  liquid  paraffin  poured  on  the  top  of  the  culture  medium  suffices  to  prevent    , 
evaporation  and  possibly  to  minimize  the  diffusion  of  oxygen  into  the  medium,   j 
The  requisite  anaerobiosis  is  produced  by  the  fresh  tissue  which  lies  at  the  bottom 
of  the  tube.     I  shall  not  enter  into  any  technical  details,  but  suffice  it  to  say  that 
nearly  a  dozen  strains  were  obtained  within  the  last  few  years  by  the  use  of 
these  two  methods.    The  strains  obtained  by  means  of  the  fluid  medium  remained 
for  many  generations  unadaptable  to  the  solid  medium  to  which  they  finally  grew.  , 
On  the  other  hand,  the  strains  grown  on  a  solid  medium  could  readily  be  made  to  ■ 
grow  when  suitable  conditions  were  provided."^     Impure  pallidum  cultures  in  a 
fluid  medium  can  be  purified  by  allo.ving  the  pallidum  to  grow  through  the  pores  j 
of  a  Berkefeld  filter.     Before  the  associating  bacteria  pass,  the  pallidum  wall 
appear  in  the  filtrate  (by  gravitation)  probably  on  the  fourth  or  fifth  day.     Some 
of  the  strains  of  T.  pallidum  obtained  by  these  methods  were  virulent  to  rabbits 
and  monkeys  when  tested  within   a   few  months.     The  lesions  produced   were 
typical   in   every   respect,   although   once   the   organism  had   entered   the   animal  < 
body  it  resisted  recultivation  just  as  much  as  before  the  first  cultivation.     In  this  j 
respect  they  differ  from  the  strains  of  W.  H.  Hoffmann, ^'^'"^  who  was  able  to  cul-  ■ 
tivate  the  organisms  back  from  the  lesions  into  the  horse  serum  agar  without  the  I 
addition  of  any  tissue.     His  strains  produced  a  strong  offensive  odor  when  re-( 
cultivated.    The  strains  cultivated  in  my  laborator}-  did  not  and  still  do  not  give  any 

*Fluid    medium   method. 
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offensive  odor  such  as  is  described  by  Miihlens  and  W.  H.  Hoft'mann.  As  has 
been  stated  no  growth  could  be  obtained  without  the  aid  of  fresh  tissue  during 
the  first  year  after  these  strains  were  isolated.  Xor  could  they  be  induced  to 
grow  on  a  plain  horse  serum  agar  of  Miihlens  or  semicoagulated  horse  serum  of 
Schereschewsky.  Since  attention  had  been  called  to  the  differences  which  existed 
between  the  cultures  of  ^Miihlens  and  Hoffmann  and  my  own  cultures,  later  inves- 
tigators gave  special  attention  detecting  any  possible  production  of  a  peculiarly 
oft'ensive  odor.  Sowade,  Tomasczewski,  Ba?slack,  Xakano,  Zinsser.  Hopkins, 
and  Gilbert  failed  to  find  any  such  characteristic  odor  in  their  strains.  Erich 
Hoft'mann'-'*"  considers  that  the  cultures  of  Mijhlens  and  W.  H.  Hoft'mann  either 
contained  the  pallidum  and  a  second  odor-producing  organism,  or  were  not  Tre- 
ponema pallidum  at  all,  since  there  exist  certain  pallidum-like,  easily  cultivated 
saprophytic  treponemata  which  in  pure  cultures  produce  a  strongly  offensive  odor 
(T.  microdentium,  T.  mueosum,  ride  infra). 

That  the  cultivated  strains  of  Treponema  pallidum  gradually  become  tolerant 
to  various  media  and  conditions  has  been  strikingly  demonstrated  by  the  recent 
investigations  of  Zinsser,  Hopkins,  and  Gilbert.-^*  Thus  the  investigators  found 
that  a  pallidum  strain  which  they  had  isolated  by  the  original  fluid  culture  method, 
described  by  me.  gave  a  good  growth  after  the  tenth  generation  in  fluid  nledia 
containing  dift'erent  kinds  of  autoclaved  tissues  of  rabbits  and  a  mixture  of 
slightly  acid  meat  infusion  broth  with  heated  sheep  serum.  This  strain  likewise 
grows  well  in  symbiosis  with  staphyloeocci,  streptococci,  Micrococcus  candicans 
and  Bacillus  fecalis  alkaligencs  added  to  the  sheep  serum  agar  mixture  without 
tissue.  Addition  of  dead  staphylococci  had  the  same  eft'ect  as  symbiosis.  The 
gelatinized  horse  serum  or  sheep  serum  with  or  without  the  tissue  proved  to  be 
a  good  medium  for  the  growth  of  this  strain.  They  have  obtained  the  same 
results  with  two  other  strains  which  were  isolated  in  my  laboratory  several  years 
ago.  The  fact  that  during  the  first  few  years  after  isolation  all  my  pallidum  strains 
failed  to  grow  on  various  media  similar  to  those  now  successfully  used  by  Zinsser, 
Hopkins,  and  Gilbert  seems  to  indicate  that  rigid  parasitic  properties  of  the  organ- 
ism have  gradually  deteriorated  due  to  the  artificial  cultural  conditions,  some  un- 
dergoing the  changes  more  abruptly  than  others.  It  is  not  at  all  improbable  that 
in  time  the  saprophytized  strains  of  Treponema  pallidum  will  adapt  themselves  to 
still  simpler  ordinary  culture  media.  It  is  to  be  desired  that  eft'orts  be  directed 
toward  improving  the  condition  under  which  the  organisms  can  be  kept  as  nearly 
natural  as  those  in  living  tissues,  since  the  results  obtained  with  completely  de- 
natured material  might  l)e  fjuite  dift'erent  from  those  derived  with  the  less  modified 
material. 

In  summing  up  the  pallidum  cultivation  one  may  say  that  the  methods  hitherto 
proposed  are  still  imperfect  and  that  much  patience  is  still  demanded  in  order  to 
isolate  a  strain.  Some  strains  remained  ])ersistenlly  unculli\alabk'  in  luy  iiands. 
The  strains  isolated  by  Miihlens  may  have  been  Treponema  f^allidum;  but  there 
was  no  way  of  proving  tliis,  as  his  culture,  which  was  a\irulenl,  possessed  certain 
pro])crlies  inconsistent  with  those  of  the  iiallidum  as  subs(.'(|uently  (k'tincd  by  other 
investigators.  The  first  instance,  therefore,  of  a  successful  cultivation  of  'Trepo- 
nema pallidnm   was  that  which   was  carried  out  at  the  Rockefeller  Institute  in 
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1910-1911,  in  which  were  brought  out  not  only  the  demonstration  of  the  patho- 
genicity of  the  organism  isolated,  but  also  the  studies  of  other  biological  char- 
acteristics of  the  culture. 

Treponema  pertenue-*'^  was  also  successfully  cultivated  in  1911  by  the  same 
method  as  that  given  for  the  cultivation  of  the  pallidum.  The  material  used  for 
this  work  was  in  the  form  of  a  testicular  lesion  of  experimental  yaws  in  the  rabbit 
and  was  supplied  by  Captain  Nichols.  The  organism  possessed  the  same  cultural 
characteristics  as  the  pallidum,  but  it  was  probably  slightly  thicker  and  less  regu- 
larly curved.  Preliminary  attempts  to  produce  lesions  in  rabbits  ended  negatively, 
and  the  strain  was  lost  before  further  comparative  studies  could  be  undertaken. 

Several  spiral  organisms  were  isolated  from  unclean  lesions  around  the  gen- 
ital region.  Spironema  refringens-^-  and  Treponema  calligyrum^^*  (from  a  con- 
dyloma) were  cultivated  by  me  in  the  pure  state  by  methods  similar  to  those 
used  for  the  pallidum  and  pertenue.  Levaditi  and  Stanesco'^*^  obtained  impure 
cultures  of  S.  gracilis  and  S.  balanitidis  by  means  of  gelatinized  horse  serum. 
A  spiral  organism,  S.  phagedenis,  was  also  obtained  by  me  in  a  pure  culture  from 
a  phagedenic  ulcer  on  the  genitalia  of  a  woman,  but  its  systematic  afhnity  is  quite 
uncertain.®^  T.  calligyrum  is  slightly  coarser  than  the  pallidum,  but  is  apt  to  be 
mistaken  for  the  latter  in  cultures.     It  grows  easily  in  tissue-free  media. 

From  dental  deposits  of  normal  oral  cavity  Treponema  macrodentium  and 
T.  microdentium'^"-  were  cultivated  in  the  pure  state  by  means  of  the  same  meth- 
ods, and  Treponema  mucosum'^^'-^  from  the  scraping  of  the  pyorrheal  gum.  The 
microdentium  and  the  mucosum  appear  very  similar  but  can  be  distinguished  by 
the  production  of  a  thin  but  tenacious  mucin  in  the  culture  of  the  latter.  When 
the  culture  gets  old,  both  of  these  give  a  strong,  somewhat  offensive  odor.  This 
faculty  to  decompose  the  proteins  (thus  causing  a  slight  turbidity  in  the  fluid 
media)  makes  this  culture  readily  distinguishable  from  the  pallidum  cultures, 
because  the  latter  do  not  produce  such  an  odor.  Morphologically,  they  bear  a  great 
resemblance  to  the  pallidum,  although  their  curves  are  set  somewhat  more  closely 
than  in  the  pallidum.  The  macrodentium  is  more  difficult  to  cultivate  and,  accord- 
ing to  my  experience,  requires  fresh  tissue  in  the  culture  media.  Morphologically, 
it  is  coarser  than  the  pallidum  and  its  serpentine  movements  and  irregular,  stretch- 
able  and  wider  curves  are  characteristic  enough  to  distinguish  this  species  from 
other  varieties.    It  does  not  produce  an  odor. 

Miihlens  and  Hartmann-^*  succeeded  in  1906  in  obtaining  a  pure  culture  of 
S.  dentium  in  the  horse  serum  agar  medium  of  Miihlens.  In  their  culture  they 
recognized  a  minute  form  of  Koch's  S.  dentium  type  and  another  which  ap- 
proached the  dimension  of  Hoiifmann-Prowazek's  S.  media  type.  They  suggested 
the  possibility  of  these  representing  different  stages  of  development  or  even  a 
sexual  differentiation.  It  appears  as  though  their  so-called  pure  culture  may  have 
contained  more  than  one  species.  No  admixture  of  tiny  and  coarse  forms  has 
been  observed  in  the  culture  of  the  macrodentium  or  microdentium.  The  den- 
tium culture  of  Miihlens  produced  a  strong  offensive  odor. 

IMMUNITY   AND   IMMUNIZATION. 

The  very  name,  relapsing  fever,  suggests  the  possibility  of  the  development 
of  some  sort  of  protective  power  in  the  infected  hosts  against  a  third  attack.     In 
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fact,  the  second  attack  is  often  milder  than  the  first  and  a  third  relapse  is  rare. 
Persons  who  have  had  the   fever  are  usually  immune  to  subsequent  infection 
for  a  period  of  several  years.    The  same  is  true  of  the  African  tick  fever  although 
repeated  recurrences  are  more  frequent  in  this  instance.    Susceptible  animals,  such 
as  monkeys,  mice,  and  white  rats,  enjoy  a  period  of  immunity  extending  over 
about  three  months  after  recovering  from  the  second  attack.   In  rats  no  relapse  has 
been  observed.     In  the  fowl  and  geese,  similar  immunity  follows  recovery  from 
spironematosis.     The  studies  of  various  investigators,  especially  Gabritschewsky, 
Pfeiffer,  Novy  and  Knapp,  Manteufel,  Marchoux  and  Salimbeni,  Levaditi  and 
Manouelian,  Prowazek,  Neufeld,  and  others,  have  contributed  in  explaining  the 
mechanism  upon  which  the  immunity  depends.     Gabritschewsky-*^  demonstrated 
the  presence  of  a  specific  antibody  against  S.  rccurrcntis  in  the  blood  of  conva- 
lescent patients  by  mixing  it  with  the  spironema-containing  blood  //;  vitro.     The 
destruction  of  the  organism  occurred  within  a  short  time  when  the  mixture  was 
kept  at  a  temperature  of  37° C.    This  author  considered  that  the  development  of  a 
germicidal  substance  in  a  patient's  blood  was  the  cause  of  the  crisis  and  subse- 
quent immunity.    He  also  recognized  the  appearance  of  a  similar  specific  immune 
substance  in  the  geese  recovering  from  the  attack  of  S.  anseriiia.    The  convalescent 
recurrentis  blood  had  no  effect  upon  the  organisms  of  goose  fever  and  the  anserina 
blood  did  not  affect  the  organisms  of  the  relapsing  fever.     The  phenomena  ob- 
served were  agglutination,  immobilization  and  dissolution  of  the  organisms  when 
mixed  with  their  correspondingly  specific  bloods.     Gabritschewsky  produced  an 
immune  serum  by  injecting  the  horse  with  a  spironema-containing  blood.     It 
was  tested  by  Lowenthal  in  83  cases,  and  in  39  cases  (47%)  no  relapses  occurred, 
while  in  140  untreated  cases,  65  had  three  attacks  (46.5%).     Novy  and  Knapp^^ 
confirmed  and  greatly  extended  the  experimental  part  of  Gabritschewsky's  work 
and  pointed  out  that  the  protection  afforded  by  active  as  well  as  passive  immunity 
is  not  wholly  dependent  upon  the  germicidal  property,  but  also  upon  the  immune 
bodies,   since  a  comparatively   weak  germicidal   blood  may   protect   the   animal 
against  the  infection  in  small  quantities.    Besides.  Novy  and  Knapp  hold  the  role 
of  the  phagocytes   (mononuclear,  but  not  polynuclear )   to  be  very  important,  as 
they  ingest  the  dead  as  well  as  the  enfeebled  spironemata  under  the  influence  of 
immune  bodies.     Levaditi  and  Manouelian'-*''  suggest  the  existence  of  an  opsonin 
in  tliis  phenomenon.     Manteufel-'''   believes  the  lysis  of  the  spironemata  in  the 
immune  serum  to  be  due  to  the  cooperation  of  complement  and  a  specific  ambo- 
ceptor.    The  rapidity  and  intensity  with  which  the  spironemata  are  destroyed 
within  the  peritoneal  cavity  of  actively  or  passively  immunized  rats  is  variable.    In 
the  peritoneal  cavity  of  a  hypcrimniunized  animal  the  organisms  become  granular 
in  from  two  to  five  minutes,  while  in  rats  recently  recovered  from  the  attacks, 
the  organisms  are  ingested  in  fifteen  minutes.     In  passively  immunized  rats  the 
spironemata  are  first  agglomerated  and  temporarily  immobilized  and  this  is  fol- 
lowed by  the  appearance  of  some  leucocytes  on  the  scene ;  but  the  eftccts  of  the 
immune  substances  gradually  wear  off  within  about  an  hour.    The  leucocytes  dis- 
appear in  30  minutes    (Novy  and  Knapp).     The  germicidal   and   bacteriolytic 
actions  are  parallel.     The  duration  of  passive  imnumity  in  rats  is  less  than  forty 
days  while  that  of  the  active   immunilv   lasts   nearly    tour   months.      Xovy  and 
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Kiiapp  succeeded  in  preparing  in  rats  by  means  of  hyperinimunization  a  powerful 
immune  serum  which  contained  in  each  cubic  centimeter  500  immunity  units ;  that 
is,  0.002  c.c.  of  the  serum  was  able  to  protect  the  rat  against  0.1  c.c.  of  the  infec- 
tive blood  showing  10  to  50  spironemata  per  field  (2  mm.  objective).  In  ordi- 
nary recovered  rats  there  w-ere  only  about  2  immunity  units  per  cubic  centimeter. 
The  use  of  the  immune  blood  from  a  hyperimmunized  rat  prevented  the  infection 
in  the  rat  and  cured  it  on  its  onset,  but  a  greater  amount  is  found  necessary  in 
order  to  obtain  similar  results  in  monkeys  and  mice  as  these  animals  are  subject 
to  a  relapse  after  the  treatment.  Novy  and  Knapp  suggested  the  inoculation  of 
the  Spironema  during  the  apyretic  period  in  order  to  increase  the  amount  of 
immune  principles  in  the  victim's  system  and  thereby  ward  ofif  a  relapse.  They 
found  an  interesting  phenomenon;  i.  e.,  the  injection  of  too  much  immune  blood 
proved  to  be  less  efifective  than  a  moderate  quantity.  This  was  explained  by 
assuming  the  production  of  a  specific  precipitin  which  acted  as  an  anticomple- 
ment.  In  regard  to  the  use  of  hyperimmunized  blood  serum  in  human  relapsing 
fever,  they  calculated  that  about  375  c.c.  of  a  serum  such  as  mentioned  in  the 
experimental  part  would  be  necessary  and  that  the  future  of  a  serotherapy  much 
depended  upon  the  success  attained  in  cultivating  the  organism  in  an  artificial 
niedium  in  large  quantities.  As  a  matter  of  fact  we  have  been  able  to  collect  large 
quantities  of  comparatively  pure  organisms  from  each  of  the  cultures  of  S.  recur- 
rentis,  S.  duttoni,  S.  novyi,  S.  gaUinarum,  etc.,  for  various  purposes  (immuniza- 
tion, vaccinotherapy,  etc.).  In  the  serum,  of  those  wdio  had  just  recovered  from 
the  relapsing  fever,  a  complement  fixation  principle  was  demonstrated  by  Kolle 
and  SchatiloiY,-"*®  and  Korschun  and  Leibfried.-*°  The  reaction  was  said  to  be 
positive  after  the  second  attack. 

In  Weil's  disease  Inada  and  his  coworkers  found  the  presence  of  a  specific 
spironemalysin  in  the  serum  of  convalescent  man  or  guinea  pig.  The  immune 
bodies  develop  after  the  second  week  of  the  disease  and  may  be  still  present  in 
individuals  who  had  the  attack  more  than  four  years  previously.  The  Pfeiffer 
phenomenon  is  easily  demonstrated  by  using  the  organ  (liver  or  kidney)  emulsions 
rich  in  the  spironemata  or  a  culture  and  the  immune  serum  in  the  peritoneal  cavity 
of  the  guinea  pig.  These  investigators  immunized  goats  and  horses  with  the 
cultures  of  the  causative  agent  (vS".  icterohemorrJwgicr)  for  a  period  of  more  than 
a  year  and  succeeded  in  producing  a  serum  which  prevents  the  infection  against 
the  lethal  dose  in  guinea  pig  in  the  amount  of  about  0.001  cc  The  clinical  experi- 
ence of  this  serotherapy  which  has  now  extended  over  many  hundreds  of  cases 
proves  to  be  highly  encouraging.* 

The  question  of  immunity  in  .syphilis  is  rather  imperfectly  understood.  In 
human  subjects  it  was  once  assumed  that  after  the  first  infection,  complete  im- 
munity occurred  as  evidenced  by  the  extreme  rarity  of  a  reinfection.  Later 
investigators  seem  to  consider  this  assumption  as  incorrect  inasmuch  as  it  was 
based  upon  the  fact  that  the  syphilitic  individuals  do  not  a  second  time  contract 
a  chancre  or  show  a  general  skin  eruption  in  spite  of  exposure  to  such  an  in- 
fection. This  fact  does  not,  however,  necessarily  denote  immunity  in  the  usual 
sense  of  the  word.  This  state  of  refraction  to  the  second  infection  is  said  to 
be  due  to  the  pre-existence  of  the  same  virus  in  the  same  individual   who  no 
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longer  reacts  to  the  second  inoculation  with  the  original  intensity  or  vigor,  and 
the  condition  is  designated  by  Neisser  as  "Anergic."  At  the  same  time  Hutch- 
inson showed  the  possibility  in  rare  instances  of  an  autoinoculation,  while  Finger 
and  Landsteiner-^'''  '■■''^'  -^-  believe  that  a  superinfection  may  take  place  in  cer- 
tain syphilitics.  The  effect  of  a  superinfection  may  be  a  purely  local  manifesta- 
tion or  it  may  be  subsequently  followed  by  generalization;  or  it  may  again  cause 
a  general  mobilization  of  the  virus  without  a  local  manifestation.  The  character 
of  the  lesions  produced  by  superinfection  agrees  with  that  of  the  lesions  peculiar 
to  different  stages  of  the  disease.  If  it  occurs  during  the  secondary  stage,  the 
superinfected  lesion  will  be  a  papule  or  other  exudative  product,  and  if  during 
the  tertiaiy  stage,  the  result  will  be  a  gummatous  product.  This  alteration  of 
various  tissues  of  a  syphilitic  individual  in  their  reactivity  to  the  syphilitic  virus 
is  designated  as  "Unstiinjuung''  by  Neisser  wdio  regards  this  condition  as  a 
morbid  state  of  the  tissues  brought  about  by  the  pressure  of  Treponema  palli- 
dum. There  once  prevailed  a  vague  impression  that  when  cutaneous  tissues  are 
extensively  involved  there  is  less  likelihood  of  the  visceral  organs  being  invaded 
by  the  syphilitic  virus  and  vice  versa,'-"-  --•*  but  there  is  no  experimental  proof 
to  support  this  contention.  Since  the  introduction  of  salvarsan  and  its  de- 
rivatives in  the  treatment  of  syphilis,  the  instances  of  reinfection  with  typical 
or  sometimes  atypical  chancres  are  not  so  rare,  thus  indicating  that  after  a  cure 
has  been  effected  the  human  body  reacts  in  the  usual  or  nearly  usual  manner. -^^ 
This  also  points  to  the  absence  in  such  cases  of  any  lasting  immunity  after  the 
first  infection  has  been  eradicated.  A  thorough  investigation  is  required  in 
order  to  ascertain  whether  or  not  a  certain  degree  of  immunity  develops  in 
some  of  the  cured  cases,  thereby  affording  protection.  In  some  ways  the  ques- 
tion of  immunity  in  syphilis  is  comparable  to  that  in  protozoan  diseases,  in  which, 
though  latent,  no  typical  infection  can  be  reinduced  until  the  first  attack  is  com- 
pletely cured,  and  where  no  congenital  immunity  has  yet  been  demonstrated. 

Let  me  now  review  the  situation  of  the  immunity  question  in  experimental 
syphilis.  Metchnikoff  and  Roux,  Neisser  and  Firuck,  and  others  found  that 
monkeys  that  have  once  been  infected  with  Treponema  pallidum  may  prove 
refractory  to  subsequent  inoculation.  Metchnikoff-'''  thought  he  succeeded  in 
protecting  a  monkey  against  the  infection  by  inoculating  it  with  an  attenuated 
living  virus  which  was  no  longer  abl|  itself  to  produce  typical  reactions.  That 
the  vaccination  against  syphilis  was  not  equivalent  to  that  against  variola  in  its 
fundamental  principle  was  later  demonstrated  by  Neisser  and  others,  who  were 
able  to  sho.v  that  the  monkeys  that  had  been  '"vaccinated"  with  an  attenuated 
virus  and  which  were  rendered  "immune"  to  the  subsequent  inoculation  with 
a  fully  virulent  material  were  harboring  the  infection  in  various  hx'alities  es- 
caping the  usual  clinical  detections.  Thus  the  emulsion  i)rei)are(l  from  the  bone 
marrow,  spleen,  etc.,  of  the  "vaccinated"  animals  was  able  lo  infccl  new  sus- 
ce])tible  animals.  This  phenomenon  is  similar  to  the  state  of  anergy  observed  in 
syphilitic  human  subjects.  Fontana.-''^  Uhlenhuth  and  Weidanz. '-''■''  liertarclli.-"'" 
Truffi.^sn-  2fii  and  others,  ])ointed  out  that  a  rabbit  which  carries  syphilitic  kera- 
titis in  one  eye  is  not  refractor>'  or  immune  to  the  infection  in  the  other  eye.  A 
rabbit,   one  of  whose   testicles   is   infected    with    T.    pallidum,   offers   no  greater 
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resistance  in  the  other  which  may  be  infected  with  the  virus  at  any  stage  of 
orchitis  preceding  that  on  the  opposite  side.  Tomasczewski'-"-  thought  that  a 
skin  infection  produced  in  rabbits  in  which  scrotal  lesions  had  been  persisting 
for  about  two  months  was  much  milder  than  in  normal  animals.  According  to 
personal  observations,  a  rabbit  in  which  a  syphilitic  orchitis,  or  keratitis,  or 
scrotal  chancre  has  been  cured  either  spontaneously  or  through  the  administra- 
tion of  salvarsan  enjoys  no  perceptible  immunity  to  syphilis.  Trufti  repeatedly 
inoculated  rabbits  with  a  fetal  liver  emulsion  containing  an  abundance  of  T. 
pallidum,  but  found  no  immunity  to  develop.  Uhlenhuth  and  Mulzer  immunized 
rabbits  w-ith  the  testicular  pallidum  emulsion  without  obtaining  any  decisive 
result,  although  in  some  cases  they  thought  it  exerted  a  beneficial  influence  upon 
the  syphilitic  process.  In  my  personal  experience  it  has  been  found  that  the  sus- 
ceptibility of  the  rabbit  to  syphilis  is  decidedly  diminished  in  some  animals  by 
immunizing  them  with  T.  pallidum  for  several  months.  With  a  strain  which 
gave  100  per  cent  takes  in  normal  rabbits'  testicles,  only  about  60  per  cent  posi- 
tive results  were  obtained  in  the  immunized  animals.  This  tends  to  show  that 
the  lower  percentage  of  positive  takes  in  the  immunized  rabbits  may  be  due  to 
the  destructive  influence  of  the  treatment  upon  the  invading  pallida.  But  it  was 
also  found  that  in  the  immunized  rabbits  in  which  the  inoculation  succeeded,  the 
symptoms  were  not  any  milder.  In  fact,  not  only  were  the  local  reactions  just 
as  marked  as  in  the  control  animals,  but  there  was  a  tendency  to  the  formation 
of  generalized  lesions.  In  two  of  the  rabbits  scrotal  lesions  developed  after 
the  intravenous  inoculation  of  a  virulent  strain.  It  appears  that  an  incomplete 
immunization  exerts  an  adverse  influence  on  the  defensive  factors  of  the  rabl)it. 
This  phenomenon  finds  verification  in  the  work  of  Grouven  and  Sowade,^**^'  -*'■* 
who  recommended  for  the  animal  a  few  preliminary  intravenous  inoculations 
of  the  pallidum  in  order  to  insure  a  generalized  infection  through  a  subsequent 
intracardial  introduction  of  the  organisms  in  huge  quantity.  I  also  endeavored 
to  ascertain  whether  a  local  administration  of  devitalized  pallida  (killed  at  60" 
C.)  on  many  successive  occasions  will  not  bring  about  a  state  of  local  immunity  to 
Treponema  pallidum,  but  my  results  were  rather  unsatisfactory,  for  the  reason  that 
the  testicular  parenchyma  which  was  repeatedly  inoculated  with  the  pallidum  emul- 
sion underwent  gradual  atrophy,  and  the  resulting  hard  fibrous  structure  was  no 
longer  a  suitable  test  object  for  this  fastidious  parasite.  Nevertheless  I  was 
able  to  produce  small  nodular  lesions  in  two  out  of  several  rabbits  so  treated. 
Moreover,  reinfection  of  the  same  tissues  (cornea,  testis,  and  skin)  after  a 
spontaneous  or  chemotherapeutic  healing  has  been  found  possible  as  long  as  the 
suitable  structures  of  the  tissues  are  preserved. 

Our  knowledge  pertaining  to  the  immunity  phenomena  in  vitro  is  of  more 
recent  date,  for  the  test  tube  experiments  with  T.  pallidum  were  made  possible 
since  the  discovery  of  the  organism  and  were  particularly  favored  by  the  suc- 
cessful cultivation  of  the  parasites  on  artificial  media.  Attempts  to  demonstrate 
the  presence  of  a  specific  agglutinin  for  7\  pallidum  in  the  sera  of  human  and 
experimental  syphilis  were  made  by  Hoffmann  and  Prowazek,-'^"  Herxheimer 
and  Ivoser,-*^*^  Hofifmann,'-*'"  Bronnum  and  Ellermann,-'^*  Babes  and  Panea,-®* 
Metchnikofif  and  Roux,  Landsteiner  and  Mucha,-'°  Zabolotny  and  Maslakowetz,-'^ 
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and  others  with  the  palHda  derived  from  the  syphihtic  tissues.  Their  experi- 
ments were  indecisive,  owing  to  the  difficuUy  found  in  obtaining  a  pure  material 
free  from  various  tissue  constituents.  Uhlenhuth  and  Mulzer^*''  found  no  ag- 
glutinins to  be  formed  in  the  sera  of  the  rabbit,  goat  and  monkey  after  repeated 
intravenous  injections  of  the  rabbit's  testicular  emulsion  rich  in  the  pallidum. 
In  1910-1911,  soon  after  obtaining  pure  cultures  of  T.  pallidum,  we  started  the 
immunization  of  rabbits  with  different  strains  of  the  organism.  In  the  sera  ob- 
tained from  the  immunized  rabbits  we  were  able  to  demonstrate  the  presence  of 
the  specific  agglutinins  and  complement-binding  principles  for  the  cultivated  pal- 
lidum strains.  We  were  unable  to  produce  with  the  sera  any  unmistakable  ag- 
glutination of  the  pallidum  derived  directly  from  the  syphilitic  orchitis  of  the 
rabbit,  but  I  considered  this  to  be  due  to  the  simultaneous  presence  of  tissue 
debris  and  other  cellular  elements  which  may  have  interfered  with  the  agglutina- 
tion phenomenon.  These  sera  were  not  strictly  specific,  but  contained  a  small 
quantity  of  agglutinins  for  other  treponemata  obtained  in  pure  cultures.  There 
were  also  a  sufficient  number  of  specific  complement-binding  bodies,  but  there 
was  at  the  same  time  a  more  or  less  definite  group  reaction  for  other  treponemata. 
The  work  was  continued  later  by  Akatsu  at  my  laboratory  with  similar  results. 
He  was  able  to  obtain  a  serum  which  could  agglutinate  the  pallida  in  a  dilution 
of  1  :50,000. 

In  order  to  know  whether  syphilitic  human  sera  have  any  definite  aggluti- 
nating and  complement-binding  properties,  a  nurnber  of  sera  obtained  from  va- 
rious stages  of  syphilis  were  examined  with  pure  cultures  as  well  as  with  the 
tissue  pallidum  derived  from  rabbit  testicles.  All  the  experiments  were  unsatis- 
factory, owing  to  the  difficulty  experienced  in  reading  the  reaction  in  the  case 
of  agglutination  and  also  owing  to  the  high  anticomplementary  powers  of  the 
antigens  and  the  feebleness  of  the  reaction  in  the  case  of  the  complement  fixa- 
tion test,  except  in  the  case  of  the  pure  culture  antigens  which  fixed  complement 
with  the  immune  rabbit  as  well  as  with  some  of  the  .syphilitic  human  sera 
(chiefly  late  and  tertiary  cases).  According  to  our  experiments,  there  is  a  cer- 
tain degree  of  group  reaction  for  the  other  treponemata  (T.  caJluiyruiu,  T.  micro- 
denthim,  T.  mucosum,  and  S.  rejringens). 

Kolmer^^-  first  described  the  agglutination  of  a  pure  culture  of  Treponema 
\  pallidum  by  the  sera  of  rabbits  injected  with  a  living  and  heat-killed  culture 
!  furnished  by  our  laboratory.  His  results  show  that  normal  rabbit  sera  do  not 
I  agglutinate  tlie  culture  pallidum  in  dilutions  as  low  as  1  :20,  while  the  sera  of 
!  immunized  animals  ])roduced  agglutination  in  dilutions  as  high  as  1  :1,280.  No 
definite  agglutination  was  obser\ed  with  luiman  sy])hilitic  sera  in  a  diliuioii  of 
\  1  :20  or  higher.  Nakano-' '  also  reported  the  ])rescnce  of  agglutinins  in  liie  sera 
j  of  rabbits  injected  intravenously  with  a  pure  culture  in  dilutions  from  1  :10  to 
1 :70.  Kissmeyer'-''*  immunized  rabbits  with  a  pure  culture  of  T.  pallidum  and 
was  able  to  obtain  agglutinatitjns  in  dilutions  as  high  as  1  :200,000  to  1  :500.000  of 
the  immune  sera,  while  the  sera  from  individuals  with  i)rimary.  secondary,  ter- 
tiary and  congenital  syphilis  contained  agglutinins  for  ibe  pallidum  in  dilutions  of 
1 :100  and  higher  in  a  percentage  of  fn.m  40  to  60  out  of  59  cases.  Normal  human 
•^era  may  agglutinate  the  pallidum  in  dihuions  as  high  as  1  :50.     Zinsser  and  Hop- 
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kins-""'  state  that  normal  rabbit  serum  may  agglutinate  the  pallidum  in  dilutions 
lower  than  1  :10.  but  the  sera  of  their  immunized  rabbits  (intravenous  injections 
of  the  pallidum  cultures)  agglutinated  it  in  dilutions  as  high  as  1  :2,000.  They 
added  that  the  normal  as  well  as  certain  syphilitic  human  sera  may  agglutinate 
the  culture  pallidum  in  emulsions.  Zinsser,  Hopkins,  and  McBurney-^^  failed 
to  observe  any  agglutination  when  the  pallida  from  human  lesions  were  mixed 
with  the  immune  sera  (rabbits  and  sheep)  produced  with  the  culture  pallida. 
Zinsser  and  Hopkins"''  demonstrated  the  treponemicidal  bodies  for  T.  pallidum 
(cultivated)  in  the  immune  serum  produced  by  them. 

In  the  sera  of  animals  experimentally  infected  with  syphilis  the  presence 
of  specific  complement-binding  antibodies  for  T.  pallidum  has  not  been  satis- 
factorily proved.  It  is  true  that  we  were  able  to  demonstrate  the  positive  com- 
plement fixation  in  ihe  sera  of  animals  immunized  with  cultivated  treponemata, 
but  this  does  not  hold  good  when  dealing  with  the  syphilitic  animal  sera  and  the 
virulen.t  pallidum  strains  found  in  tissues.  On  the  other  hand,  these  syphilitic 
sera  do  bind  complement  when  mixed  with  pure  cultures,  not  only  of  T.  pal- 
lidum, but  also  of  various  bacteria,  such  as  colon  bacilli  (Zinsser  and  Hopkins). 
Undoubtedly  the  phenomenon  is  nonspecific  but  pathognomonic  as  is  the  Was- 
sermann  reaction  which  is  caused  by  certain  lipoidal  substances.  These  cultures 
must  serve  as  the  containers  of  the  similar  lipoids.  Indeed,  Craig  and  Nichols-^^ 
long  ago  showed  that  tlie  alcoholic  extracts  of  the  pure  pallidum  and  pertenue 
cultures  produced  almost  equally  strong  complement  fixation  when  mixed  with 
the  human  syphilitic  sera,  giving  a  positive  Wassermann  reaction  with  pure 
lipoidal  antigens  derived  from  other  tissues.  In  a  word,  a  syphilitic  animal  may 
give  a  positive  complement  fixation  with  various  lipoids  without  at  the  same 
time  containing  any  specific  antibody  for  7\  pallidum.  In  human  syphilitic  sera 
the  same  is  also  true,  except  in  the  sera  of  certain  late  and  tertiary  cases  in 
which  there  may  be  a  positive  reaction  due  to  the  specific  antigens  and  antibodies 
in  the  strict  sense  of  Bordet-Gengou's  phenomenon."'^ 

The  nature  of  the  Wassermann  reaction  in  the  sera  of  human  and  experi- 
mental syphilitic  subjects  is  still  unexplained,  but  one  fact  has  been  established; 
viz.,  that  it  is  due  to  a  peculiar  change  of  the  sera  not  specific  for  syphilis; 
it  occurs  in  yaws,  leprosy,  trypanosomiasis,  malaria  (febrile  period),  and  some- 
times in  malignant  tumors.  The  fact  that  so  many  lipoidal  substances  as  well 
as  certain  salts  (sodium  taurocholate,  sodium  cholate,  etc.)  derived  from  dif- 
ferent sources  can  bring  about  a  positive  fixation  precludes  any  strict  specific 
antigen-antibody  reaction.  According  to  personal  observations  the  lipotropic 
complement  fixation  reaction  is  not  present  in  immune  rabbit  sera  which  have 
been  obtained  by  injecting  the  pallida  repeatedly,  and  which  contain  a  large  num- 
ber of  specific  complement  fixation  bodies  from  the  pallidum  strains  employed 
for  their  production. 

Closely  related  to  immunity  is  the  question  of  allergy  in  syphilis.  From 
the  chronic  nature  of  the  disease  many  investigators  considered  the  possibility 
of  its  occurrence  at  one  stage  or  another.  Jadassohn,  Meirowsky,  Ciufife.  Fon- 
tana,  Neisser  and  Bruck,  and  others  made  numerous  observations  which  ren- 
dered  the   presence   of  allergy   still   more   probable.       These   investigators   were 
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handicapped  by  not  ha\'ing  a  pure  culture  of  T.  palliduiit.  Soon  after  the  iso- 
lation of  the  pallidum  strains,  study  of  this  subject  was  made  in  human  syphilis 
with  the  pure  material.  In  the  meanwhile  it  was  ascertained  experimentally 
that  the  prolonged  treatment  of  rabbits  with  intravenous  injections  of  the  pure 
pallidum  culture  as  well  as  \vith  the  organisms  obtained  direct  from  the  rabbit 
orchitis  lead  to  the  production  of  a  state  of  hypersensitiveness  of  the  skin  to  the 
inoculation  of  the  extract  of  a  pure,  heat-killed  pallidum  culture. -®°  The  reac- 
tion was  found  to  be  apparently  specific  for  T.  pallidum.  There  was  no  in- 
jurious effect  following  the  injection  into  the  rabbits  of  the  heat-killed  pallidum 
emulsion.  The  emulsion,  since  known  as  luetin.  was  employed  as  a  means  of 
diagnosing  human  syphilitic  cases,  with  the  result  that  the  luetin  reaction  was 
found  to  be  most  frequently  present  in  the  latent,  tertiary,  and  congenital  syph- 
ilis cases  where  one  would  naturally  expect  most  constantly  to  find  the  allergetic 
or  hypersensitive  state  of  the  skin.  As  an  auxiliary  or  supplementary  factor  in 
producing  a  positive  luetin  reaction,  I  have  already  pointed  out  that  the  patho- 
logical state  of  the  skin  of  chronic  syphilitic  patients  designated  by  Neisser  as 
"Umstimmung'"  played  a  role  in  nearly  10  per  cent  of  tertiary  cases  in  which 
the  skin  reacted  intensely  to  the  inoculation  of  the  control  emulsion  without 
the  pallida.  No  efforts  were  made  to  explain  this  peculiarity  of  hypersensitive- 
ness of  the  skin  of  certain  syphilitics.  But  recent  work  of  Camp-^^  points  out 
that  the  administration  for  many  days  of  potassium  iodide  to  a  nonsyphilitic 
individual  produces  in  the  skin  a  hypersensitiveness  to  any  trauma,  including 
the  inoculation  of  the  luetin.  Probably  this  finding  may  furnish  the  solution  of 
the  problem  of  Neisser s  "Umstimmung,"  or  at  least  of  one  of  the  contributing 
factors.  The  clinical  evidence  thus  far  accumulated  seems  to  show,  however, 
that  in  a  large  number  of  cases  the  luetin  reaction  was  positive  in  spite  of  the 
fact  that  no  iodide  had  been  given  during  the  period  when  the  test  was  ap- 
plied. Recently  Akatsu,--'-  at  my  laboratory,  carried  out  several  series  of  ex- 
periments regarding  the  influence  of  potassium  iodide  upon  the  reactivity  of  the 
skin  of  rabbits  to  the  intradermal  inoculation  of  the  luetin.  control  fluid,  and 
plain  bouillon.  The  iodide  was  administered  intravenously  for  a  period  of  from 
7  to  9  days,  given  in  increasing  doses  of  0.5  to  2  c.c.  of  a  10  per  cent  aqueous 
solution.  At  the  end  of  seven  days  or  later  the  skin  was  tested  for  the  luetin. 
control,  and  ])lain  bouillon.  It  was  found  that  the  skin  of  normal  rabbits  did 
not  react  to  the  injections  after  the  iodide  treatment.  There  was  no  change 
in  its  reaction  to  the  trauma.  The  skin  of  the  rabbits  which  had  been  previously 
rendered  hypersensitive  to  the  luetin  by  means  of  prolonged  immunization  with 
pure  pallidum  cultures  mostly  remained  the  same,  that  is,  it  reacted  to  the  luetin 
with  the  same  intensity  as  it  did  before  the  administration  of  potassium  iodide. 
I  Only  in  a  few  instances  was  the  reaction  somewhat  inten>ified.  There  was  no 
j  definite  reaction  to  the  control  emulsion  df  ])lain  louillnn.  In  -ome  rabbits,  m 
'  which  the  testicular  orchitis  after  several  months  had  shrunk  to  a  small  fibrous 
nodule,  the  luetin  reaction  was  mildly  positive,  but  the  intensity  of  the  reaction 
I  was  but  little  influenced  after  the  injection  of  iiotassiuni  iodide,  except  in  a  few 
rabbits  where  the  second  te.sts  came  out  more  distinctly.  The  alxnc  (indings 
j  show  that  the  potassium  iodide  has  no  noticeable  intluence  u])on  the  reactivity 
j  of  the  skin  of  normal  as  well  as  of  syphilitic  rabbits.     It  would  be  interesting  to 
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Study  whether  in  other  spironematoses  (relapsing  fever,  tick  fever,  rat-bite  dis- 
ease, and  infectious  jaundice)  there  appears  any  skin  allergy  comparable  to 
that  described  for  other  bacterial  infections  (typhoid,  gonorrhea,  etc.).  In  cases 
of  yaws,  the  skin  reacts  to  the  intradermal  inoculations  of  the  luetin  and  of  the 
framboesin  with  equal  intensity  and  cannot  be  differentiated  by  this  method 
(Baermann  and  Heinemann).-®^ 

The  last  and  probably  the  most  important  field  for  medicine  is  chemotherapy. 
The  inauguration  of  modern  chemotherapy  by  Ehrlich  is  as  interesting  as  it  is 
romantic.  It  can  be  traced  back  to  Schaudinn's  suggestive  but  unsupported 
theory  that  the  spirochetes  represent  a  stage  of  the  life  cycle  of  trypanosomes, 
or  at  least  were  closely  related  to  the  latter.  The  introduction  of  organic  com- 
pounds of  arsenic  into  the  treatment  of  tr^^panosomiasis  was  promising  much 
when  Schaudinn  discovered  T.  pallidum,  which  he  regarded  as  a  protozoon  allied 
to  the  trypanosomes.  Ehrlich  took  up  experimental  chemotherapy  in  connection 
not  only  with  the  latter,  but  also  with  the  newly  discovered  spirilloses,  as  he 
called  them,  including  syphilis  and  the  fowl  fever  caused  by  S.  gallinarum .  The 
achievement  of  Ehrlich  and  his  collaborator  Hata,  in  discovering  salvarsan  for 
the  treatment  of  these  two  diseases,  marks  a  new  era  in  modern  chemotherapy. 
To  review  this  phase  of  the  spirochiete  problem  would  be  out  of  the  scope  of 
my  present  paper.  Suffice  it  to  say' that  to  the  great  pioneers,  Schaudinn.  Ehr- 
lich, Metchnikofif.  and  Neisser,  we  owe  an  inestimable  debt,  not  merely  for  their 
own  researches,  but  also  for  re-kindling  in  us  the  sublime  stimuli  which  have 
already  inspired  so  many  investigators  to  discover  new  facts,  and  which  will 
continue  to  urge  us  still  more  to  take  up  this  task  and  to  extend  our  knowledge 
regarding  the  classification,  morphology,  biology,  pathogenesis,  and  experimental 
as  well  as  clinical  aspects  of  the  microorganisms  known  as  spirochaetes. 

BiBLiOGRAPH  Y —  ( Continued ) . 

i^oKarlinski.  T. :     Zar  Kenntnis  des  fieberhaftcn  Icterus,  Fortschr.  der  Med.,  1890,  viii,  161 ; 

Ibid.,  1891.  ix,  456. 
i^^Tictin,  J.:     Zur   Frage  iiber  die  Bedeutung  der  Milz  bei  Febris   recurrens,  Centralbl.   f. 

Bakteriol..  1894,  xv.  840;  Zur  Lehre  von  Riickfalltyphus,  Ibid.,   1897,  xxi,   179. 
i^-Klodnitzk\',  N.  N. :     tJber  die  Vermehrung  der  Riickfallspirochaete  im  Korper  der  Wan- 

zen,  Centralbl.  f.  Bakteriol.,  1908,  xlv,  126. 
i33Bi-einl,  A.,  and  Kinghorn,  A.:     Observations  on  the  Animal  Reactions  of  the  Spirochete 

of  the  African  Tick  Fever.  Lancet,  London,  1906,  i,  668. 
i3*Neumann,  R.  O. :     Quoted  bv  Miihlens  in  Handb.  d.  Patliog.   Mikroorganismen,  2nd  ed., 

1913,  vii,  881. 
i^^Manteufel :      Weitere    L'ntersuchungen    iiber    Riickfallfieber,    Arb.    a.    d.    k.    Gsndhtsmte, 

1908,  xxvii,  ZZ7 ;   Experimentelle  L'ntersuchungen  zur   Epidemiologic  des  europaischen 

Ruckfallfiebers,    Ibid.,  355. 
iseggi-gent,  E.,  and   Foley,  H. :     Fievre  recurrente  du   Sud-Oranais  et  Pediculus  vestimenti. 

Note  preliminaire,  Bull.  Soc.  Pathol.  Exot.,  1908,  i,  174. 
i3"Uhlenhuth,    and    Haendel :      Vergleichende    L^ntersuchung    iiber    die    Spirochaten    der    in 

Afrika  und  Europa  vorkommende  Recurrenserkrankungen,  Arb.  a.  d.  k.  Gsiidhtsamte., 

1907,  xxvi,   1. 
i38Schellack,   C. :     Versuche   zur   tjbertragung    von    Spirochaeta   gallinarum   und    Spirochaeta 

obermeieri,   Arb.  a.   d.   k.  Gsndhtsamte.,    1909,  xxx,   351  ;   Centralbl.    f.   Bakteriol.,   Abt 

1,   1908,  xlvi,  486. 
i39Dutton,  J.  E.,  and  Todd,  J.  L. :     The  Nature  of  Human  Tick  Fever  in  the  Eastern  Part 

of  the  Congo  Free  State,  Memoirs  xvii,  Liverpool  School  of  Tropical  Medicine,  1905. 
Koch,    R.  :      Vorlaiifige    Mitteilungen    iiber    die    Ergebnisse    eine    Forschungsreise    nach 

Ost-Africa,    Deutsch.    med.   Wchnschr.,    1905,   xxxi,    1865;   IJber   afrikanischen    Recur- 
rens, Berl.  klin.  Wchnschr.,  1906,  xlvii,  185. 


SPIROCH.'KTES  495 

^''Carter,  R.  M. :     The  Presence  of  Spirochseta  duttoni  in  the  Ova  of  Ornithodoros  Moubata- 

Ann.  Trop.  Aled.,  1907,  i,  155. 
■*iWolbach,   S.   B. :      On   the   Filterabihtv   and   Biologv   of    Spirochsta,   Amer.    Tour.    Trop. 

Dis.  and  Prev.  Med.,   1915,  ii,  494." 
*-Wittrock,  O. :     Beitrag  zur  Biologie  der   Spirochsete  des  Ruckfallfiebers,  Ztschr.   f.  Hyg. 

u.   Infectionskrankh.,   1913,   Ixxiv,   55. 
*3Wellman,   F.  C. :     Relapsing  Fever :      Its  Occurrence  in  the   Tropics  and  Its  Relation  to 

Tick  Fever,  Am.  Med.,   1905,  x,   151. 
**Breinl,  A.,  and  Kinghorn,  A. :     On  the  Specific  Nature  of  the  Spirochaeta  of  the  African 

Tick  Fever,  Lancet,  London,  1906,  i.  1690. 
■^•''Leishman,  W.  B. :     Preliminary  Note  on  Experiments  in  Connection  with  the  Transmis- 
sion of  Tick  Fever,  Jour.   Roy.   Army  Med.   Corps,   London,   1909,  xii,   123. 
4CLeishman,  W.  B. :     Relapsing  Fevers,  Tr.   Internat.  Congr.  of  Med.,   London,    1913,  xxi, 

282. 
*'Sergent,  E.,  Gillot,  V.,  and  Foley,  H. :     Typhus  Recurrent  Algerien,  Sa  Transmission  pas 

les  Poux,  Compt.  rend.  Soc.  de  biol,  1911,  Ixx,   1039. 
*®Sergent,  E.,  and  Foley,  H. :     De  la  periode  de  latence  du  Spirille  chez  le  pou  infecte  de 

fievre  recurrente,   Compt.  rend.  Acad.  d.  sc,   1914,  clix,   119. 
*9Mackie,  F.  P. :     A  Preliminary  Note  on  Bombay  Spirillar  Fever,   Lancet,  London,   1907, 

ii,  832;  and  The  Part  Plaved  bv  Pediculus  Corporis  in  the  Transmission  of  Relapsing 

Fever,  Brit.  Med.  Jour.,  1907,  ii,  1706. 
^oFiilleborn,    F.,    and    Mayer,    M.:      Ubertragung    der    Spirochaeta    obermeieri    auf    Mause, 

Med.  Klin.,  1907,  iii,  487. 
s^Castellani,  A.,  and  Chalmers,  A.  J. :     Experimental  Investigations  on  Framboesia  Tropica 

(Yaws),  Jour.  Hvg.,   1907,  vii,"  558. 
52Modder,  E.   E. :     Transmission  of  Yaws  by  Ticks,  Jour.   Trop.   Med.,   1907,  x.   187. 
^^Noguchi,  H.:     Decouverte  du  treponeme  pale  dans  ies  cerveaux  de  paralytique  generaux, 

Compt.  rend.  Soc.  de  biol.,   1913,  Ixxiv,  349. 
5*Nonne,  M. :    Der  heutige  Standpunkt  der  Lues-Paralvsefrage,  Deutsch.  Ztschr.  f.  Nervenh., 

1913,  xlix,  38. 
^^Mott,  F.  W. :     An  Address  on  the  Degeneration  of  the  Neurone  in  the  Light  of  Recent 

Research,   Especially  in  Relation   to   Svphilis   and   General   Paralysis,   Lancet,    London, 

1913,  ii,  1367. 
^^Mott,    F.    W. :      The    Diagnosis    and    Treatment    of    Parenchvmatous    Svphilis,    Tour,    of 

Ment.  Sc,  1915,  Ixi,  175. 
^^Wright,  J.  H.,  and   Richardson,   O. :     Treponemata    (Spirochietae)    in   Svphilitic   Aortitis, 

Publ.  of  the  Mass.  Gen.  Hosp.,  1908-09,  ii,  395. 
s^Schmorl,    G. :      Die   Farbung   der    Spirocha^te    pallida    im    Schnittpraparat.    nach    Giemsa, 

Deutsch.  med.   Wchnschr.,   1907,  xxxiii,  876. 
^''Reuter :      Neue   Befunde   von   Spirochaete   pallida    (Schaudinn)    im  menschlichen,  Korper 

und  ihre  Bedeutung  fiir  die  Atiologie  der  Syphilis,  Ztschr.   f.  Hyg.,   1906.  liv,  49. 
^"Bender,  K. :      Spirochaetenbefund  bei   tertiarer   Syphilis,   Deutsch.   med.    Wchnschr.,    1906, 

xxxii,   1318. 
®^Warthin :     Papers  read  at  dififerent  meetings. 
^^Hoffmann,  E. :     Nachtrag  zu  der  Arbeit  von  Schaudinn  und  Hoffmann  nber   Spirochaeta 

pallida   bei    Syphilis,   Berl.   klin.   Wchnschr.,    1905,   xxiii,   726. 
^^Jacquet,  L.,  and   Sezary.  A. :      Surrenalite  syphilitique  de  rAdulle,   Bull,  dc  la  Soc.   med. 

des  hopiteaux,   1906,  xxiii,  314 ;   Des   formes  atvpiques  et  degenerativcs  du  Treponema 

pale.  Ibid.,  1907,  xxiv,   114 
^^Hoffmann,  E. :     Uber  das  Vorkommcn  von  Spirochaetcn  bei  ulzcrierten  Karzinonun.  I')crl. 

klin.  Wchnschr..  1905,  xxviii,  811. 
^^Hoffmann,  E. :     Weitcre  Mitteilungen  fiber  das  Vorkonunon  von   Sp.  pallida  bei   Sv])lii]is, 

Berl.   klin.   Wchnschr.,   1905,  xxxii,   1022. 
*8Nichols,  H.  J.,  and  Hough,  W.  H.:     Demonstration  of   Sp.   pallida  in  the  Cerebrospinal 

Fluid   from  a  Patient   with   Nervous   Relapse   Following    L'pon   the    L'sc  of   Salvarsan, 

Jour.  Am.  Med.  Assn.,  1913,  Ix,  108. 
'^Sezary,    A.,   and    Paillard.    H.:      Preponcmo    dans    Ic    liquidc    ccplialornciiidiin    au    course 

de  I'hemiplegic  syphilitique,  Cnmjjt.  rend.  Soc.  de  biol.,  1910,  Ixviii,  295. 
^^Uhlcnhuth,  P.,  and  Mulzcr,   P. :     Bcitriige  zur  cxpcrimcntellcn   Pathologic   und    TiuT.ipie 

der  Syphilis  mit  bcsonderer   Berucksicliti^ung  der    Imiif-Sviiiiiii^  der    Kaiiinclun,    Arb. 

a.  d.  k.  Gsndhtsmtc,  1913,  xliv,  307. 
•"Graves,   W.   W. :      Can    Rabbits   be   Infected    with    Syphilis    Directiv     from    the    Bloods   ot 

General   Paretics?     Jour.    .'\m.   Med.    Assn.,    1913,   Ixi,    1.S04. 
"Igcrsheimcr,    J.:      Experimentelle    l^iUersuchungen    /iir    Svi)liilis    des    -\iigcs,     Munchcii. 

med.   Wchnschr.,   1912,   lix,   ii,   20S9. 
^^Dunlap,  C.  B. :    Personal  communication. 


496  THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

^'^-Noguchi,    H.,   and    Moore,   J.    W. :      A    Demonstration   of    T.    pallidum   in    the    Brain   in 

Cases  of  General   Paralysis,  Jour.   Exper.   Med.,    1913,   xvii,  232. 
^''^Marinesco,    G.,   and    Minea :      Relation   entre   les    Treponema   pallidum   et   les   lesions    de 

la  paralysie  generale,   Compt.   rend.   Soc.   de  biol.,   1913,   Ixxv,  231. 
^"^Levaditi,   C,  Marie,  A.,   and  Bankowsky :     Le  treponeme  dans  le  cerveau  des  paralyti- 

ques  generaux,  Ann.  de  I'lnst.  Pasteur,   1913,  xxvii,  577. 
^"■"Rosanoff,  A.  J. :     Personal  communication. 
i^^Tomasczewski,  E.,"  and  Forster,  E. :     Nachweis  von  lebenden  Spirochaeten  im  Gehirn  von 

Paralytikern,  Deutsch.  med.  Wchnschr.,  1913,  xxxix,   1237. 
^"^Wile,   U.  J.:     Exper.   Syphilis   in   the   Rabbit   Produced   by   the   Brain   Substance   of   the 

Living  Paretic,   Jour.   Exper.   Med.,   1916,   xxiii,   199. 
i^^Noguchi,   H. :      Hautallergie   bei   Syphilis,   Miinchen   med.   Wichnschr.,    1911,   Ivii,   2372. 
i^''Verse,    M. :    tjber    das    Vorkommen    der    Spirochseta    pallida    bei    friih-    und    spatsyph- 

ilitischen    Erkrankungen    des    Centralnervensvstems,    Miinchen.   med.    Wchnschr.,    1913, 

Ix.   2446. 
isoBertarelli,    E.,    and    Volpino,    G.  :      Spiroch«ta    pallida    in    den    Schnitten    primarer,    se- 

kundiirer  und  tertiiirer  Syphilis,  Centralbl.  f.  BakterioL,  1906,  xli,  74. 
isiRanke,   O. :     Gehirnveranderungen  bei  der  angeborenen   Syphilis,  Ztschr.   f.   Erf.   u.  Beh. 

d.  jugendl.   Schwachsinns,   1908,  ii.  ZZ. 
issLevaditi,  C. :     Le  cil  du  Treponema  pallidum,  Compt.  rend.  Soc.  de  biol.,   1911,  Ixxi,  156. 
i83Metchnikoflf,  E.,   and   Roux,   E. :     Etudes  experimentales   sur   la   Svphilis,   Ann.   de  I'lnst. 

Pasteur.  1903,  xvii,  809;  Ibid.,  1904,  xviii,  1  and  657;  Ibid.,  1905,  xix,  673;  Ibid.,  1906, 

XX,  785. 
^^^Schultze,  W. :     Impfung  an  Kaninchenaugen  mit  Leusmaterial,  Klin.  Monatsbl.  f.  Augenh., 

1905,  xliii,  253;  and   Impfunger  mit  Cytorhystes  luis  an  Kaninchenaugen,   Med.  Klin., 

1905,  i,  466. 
i85Bertarelli,   E. :      Uber    die    Transmission   der    Syphilis   auf    das   Kaninchen,    Centralbl.    f. 

BakterioL,  Abt.  1,  1906,  xli,  321. 
is^Parodi,  U. :     Uber  die  tJbertragung  der  Syphilis   auf  den  Hoden  des  Kaninchens,   Cen- 
tralbl. f.  BakterioL,  Abt.  1,   1907,  xliv,  428. 
^s^Neisser,  A.:     Erforschung  der  Syphilis,  Arb.  a.  d.  k.  Gsndhtsamte,  1911,  xxxvii. 
issHoflfmann,   E.,    Loehe,   H.,    and   Mulzer,   P.:      Syphilitischer    Initialaffekt    der    Bauchhaut 

an  der  Einstichstelle  nach  Impfung  in  die  Hoden  von  Aflfen  und  Kaninchen,  Deutsch. 

med.  Wchnschr.,   1908,  xxvii,   1183. 
isoUhlenhuth,  P.,  and  Mulzer,   P. :     tJber  Experimentelle  Kaninchensyphilis  mit  besonderer 

Beriicksichtigung    der    Impfsyphilis    des    Hodens,    Arb.    a.    d.    k.    Gsndhtsamte.,    1909, 

xxxiii,   183. 
i^oQrouven,  C. :     Uber  positive  Syphilisimpfung  am  Kaninchenauge,  Med.  Klin.,   1907,  xxvi, 

774. 
i^^Grouven,  C. :     Zur  sekundarsvphilis  niederer  Affen  und  des  Kaninchens,  Miinchen.  med. 

Wchnschr.,  1911,  xvii,  909.' 
i^^Grouven,    C. :      Uber    bemerkenswerte    Resultate    der    Svphilisimpfung   beim    Kaninchen, 

Med.  Klin.,  1908,  iv,  267. 
i93]sJichols,    H.   J.;      Further   Observations   on   Certain    Features    of    Experimental    Syphilis 

and  Yaws  in  Rabbits,  Jour.  Exper.  Med.,  1911,  xiv,  196. 
i9*Tomasczewski,  E. :    Uber  eine  einfache  Methode  bei  Kaninchen  Primaraffekte  zu  erzeugen, 

Deutsch.   med.   Wchnschr.,    1910,   xxii,    1025. 
i95Tomasczewski,  E. :     Uber  die  Ergebnisse  der  Superinfektion  bei  der  Svphilis  der  Kanin- 
chen,  Berl.   klin.  Wchnschr.,   1910,   xlvii,   1447. 
i96Toma.sczewski,  E. :     Uber  Kaninchen-  und  Meerschweinchensyphilis,  Dcrmat.  Ztschr.,  1911, 

xviii,   1. 
lo^Tomasczewski,   E. :      Impfungen   an   Afifen   mit  maligner   Svphilis,   Berl.   klin.  Wchnschr., 

1911,  XX,  890. 
i^sBrown,  W.  H.,  and  Pearce,  L. :     Personal  communication. 

^''''Nichols,  H.  J. :     Observations  on  a  Strain  of  Spirochaeta  pallida  Isolated   from  the  Ner- 
vous System,  Jour.  Exp.  Med.,  1914,  xix,  362. 
200Reasoner,  M.  A.:     Early  Death   from  Cerebral  Syphilis  with   Successful  Rabbit  Inocula- 
tion, Jour.  Am.  Med.  Assn.,  1916,  Ixvi,  1917. 
20iNoguchi,  H. :     Morphological   and   Pathogenic  Variations  in   Treponema  pallidum.    Tour. 

Exper.  Med.,  1912,  xv,  201. 
^osfomasczewski,  E.,  and  Forster:     Personal  communication  in   1913  after  publishing  their 

work  referred  to  under  reference  176. 
203\Yile,    U.    J. :      Cultural    Experiments    with    the    Spirochaeta    pallida    Derived    from    the   , 

Paretic  Brain,  Jour.  Am.   Med.  Assn.,   1916,  Ixvi,  646.  1 

20*Neisser,  A.,  Baermann,  G.,  and  Halberstadter,  L. :     Experimentelle  Versuche  iiber  Fram- 

boesia  tropica  an  AfFcn,  Munchen.  med.  Wchnschr.,   1906,  liii,   1337. 


SPIROCHETES  497 

20"'Castellani,    A.:      Experimental    Investigations    on    Framboesia    Tropica     (Yaws),    Jour. 

Hyg.,  Cambridge,  1907,  vii,  558. 
206Nichols,  H.  J. :     Experimental  Yaws  in  the  Monkey  and  Rabbit,  Tour.  Exper.  Med.,  1910, 

xii,  616. 
207Halberstadter,    L. :      Weitere   Untersuchungen    iiber    Framboesia    tropica   an   Affen,    Arb. 

a.  d.  k.  Gsndhtsamte.  1907,  xxvi,  47. 
208Todd,  J.   L.,   and  Wolbach,    S.   B.:      Concerning  the  Filterability   of   Spirochseta  duttoni. 

Jour.   Med.   Research,   1914,   xxv,  27. 
-"^Huebener  and  Reiter :     Beitrage  zur  Aetiologie  der  Weil'schen  Krankheit,  Deutsch.  med. 

Wchnschr.,   1915,  xli,   1275. 
2ioKlingmiiller  and  Baermann  :     1st  das  Svphilisvirus  filtrierbar?  Deutsch.  med.  Wchnschr., 

1904,  XXX,  766. 
2iiCasagrandi.   O.,   and   de   Luca,    R. :      Se   nei   filtrati    di    manifestazioni    sifilitiche   ottenuti 

attroverso  candele  Berkefeld,  etc.,  Ann.  d'ig.   sper.  u.  ser.,  1906,  xvi,  23. 
2i2Nakano,  H. :     tjber  die  Reinziichtung  der  Spirochaeta  pallida,   Deutsch.  med.   Wchnschr., 

1912,  xxxix,   1333. 
2i3Wolbach,   S.   B.,   and   Binger,    C.   A.    L. :      The    Cultivation   of   a    Free   Living   Filterable 

Spirochaeta,   (  Spirocha-ta  elusa,  n.  s.),  Jour.  Med.  Research,  1914,  xxx,  9. 
2i*VV'olbach,   S.   B.,  and   Binger,   C.  A.   L. :      Notes  on  a   Filterable   Spirochaete   from   Fresh 

Water  Spirochaeta  biflexa,  Jour.  Med.  Research,  1914,  xxv,  23. 
^i^Norris,   C,   Pappenheimer,   A.   M.,   and   Flournoy,   T. :      Spirochrete   from  a   Case  of   Re- 
lapsing  Fever,   Tour.   Infect.   Dis.,   1906,  iii,  266. 
2i6]vjoguchi,    H. :      The   Pure    Cultivation   of    Spirochaeta    duttoni,    etc..    Jour.    Exper.    Med., 

1912,  xvi,  109. 
-I'Noguchi,   H. :     Cultivation  of  Spirochaeta  gallinarum,  Jour.   Exper.   Med.,   1912,  xvi,  620. 
^ispiotz,  H.:     Personal  communication. 
2i9Hata,   S. :      A  Contribution   to   Our  Knowledge  of  the   Cultivation  of   Spirochaeta   recur- 

rens,  Centralbl.  f.  Bakteriol.,  Abt.  1,  1913,  Ixxii,  107. 
220Tunnicliflf,  R. :     The  Identitv  of   Fusiform   Bacilli  and   Spirilla,   Jour.   Infect.   Dis.,   1906, 

iii,  148. 
22iIto,    T.,   and    Matsuzaki,   H. :      The    Pure    Cultivation    of    Spirochaeta   icterohemorrhag-ae, 

jour.  Exper.  Aled.,  1916,  xxiii,  557. 
222Volpino,  G.,  and  Fontana,  A. :     Einige  Voruntersuchungen  fiber  kiinstliche  Kulturvierung 

der   Spirochaete  pallida,   Centralbl.    f.   Bakteriol.,   Abt.    1,   1906,   xlii,   666. 
223Lebaillv,  C. :     Multiplication  in  vitro  du  Treponema  pallidum,  Compt.  rend.  Acad.  d.  sc, 

1908^  cxivi,  312. 
2^*Levaditi,  C,  and  Mcintosh,  J. :     Contribution  a  I'etude  de  la  culture  de  Treponema  pal- 
lidum, Ann.  de  ITnst.  Pasteur,  1907,  xxi,  784. 
225Miihlens,  P.,  and  Loehe:     Uber  Ziichtungsversuche  der  Spirochaeta  pallida,   Centralbl.   f. 

Bakteriol.,  Abt.  1,  1908.  xlvii,  487. 
226Schereschewsky,  J. :     Ziichtung  der   Spirochaeta  pallida,   Deutsch.   med.   Wchnschr.,    1909, 

xxxv,  835. 
227Schereschev.sk->',   J. :      Weitere    Mitteilungen   fiber   die   Ziichtung   der    Spirochaeta   pallida, 

Deutsch.  med.   Wchnschr.,  1909,  xxxv,  1260. 
22SMiihlens,  P. :     tJber  Ziichtungsversuche  der  Spirochaeta  pallida  und  Spirochata  refringens 

sowie  Tierversuche,  Klin.  Jahrb.,  1910,  xxiii,  339. 
229No^uchi,   H. :     Zur  Ziichtung  der   Spirochata  palHda,   Berl.   klin.   Wchnschr.,    1912,   xlix, 

1554. 
23oNo?uchi,  H. :     Kulturelle  und  immunisatorische  Diffcrcnzicrung  zwischcn  Spirochata  re- 
fringens und  Spirochata  pallida,  Ztschr.  f.  Tmmunitatsf.,  1912,  xiv,  412. 
23iSowade,    H. :      Eine    Mcthodc   zur    Reinziiclitung   der    Svphilisspirochate,    Deutsch.    med. 

Wchnschr.,  1912,  xxxviii,  797. 
232Tomasczewski,  T. :     Ein  Beitrag  zur  Ziichtung  der  Spirochata  pallichi,  Ik^rl.  klin.  Wchnschr.. 

1912,  xlix,  792. 
"^Baslack,   F.  W. :     On  tlie  Cultivation   of   Treponcmia  pallidum,   jour.    Infect.    Dis..    l'>13, 

xii,  155. 
23*Zinsser,   H.,   Hopkins,  J.   G.,   and    Gilbert,    R. :      Notes   on    the   Cultivation    of   Treponem.i 

pallidum.  Jour.  Exper.  Med.,  1915,  xxi,  213. 
"•'■Hoffmann,  W.  H.:     Reinziichtung  der  Spirochata  pallida,  Ztschr.    i,   llv.i;.  u.   Infections- 

krankh.,  1911,  Ixviii,  2160. 
'^"Hoffmann,  W.  H.:     Ubertrag  der   Syphilis  auf   K.ininrluii   mittcls  rcingeziichteter   Spiro- 

chatcn  vom  Mcnschcn,  Deutsch.  mod.  Wchnschr.,   1911,   x.wvii,   1450. 
'^^Schereschewsky,    J.:      \'ercinfachung   dcs    Vcrfahrens    zur    Zitchtun.i    der    Syphilis-Spiro- 

chatcn,  Deutsch.  nie<l.  Wchnschr.,  1913,  xxxix.  1408. 
2*sBruckner,  J.,  and  Galascsco,   P.:     Orchitc  sypliihtique  chez   le  lapin   par  culture   impiires 

de  spirDchetcs,  Compt.  rend.  Soc.  de  biol.,  1910,  Ixviii.  684. 


498  THE    JOURXAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

239Smith.   Th. :     Das  Gahrungskolbchen  in  der  Bakteriologie,   Centralhl.    f .   Bakteriol.,    1890, 

vii,  502. 
2*fHoflfmann.   E. :      Spirochseta  pallida,   Handb.    d.    Geschlechtsk,   Holder,   Wien,   1912. 
-^^Xoguchi,  H. :     Gewinnung  der  Reinkulturen  von  pathogener  Spirochgeta  pallida  und  von 

Spirochseta  pertenius,  Miinchen.  med.  Wchnschr.,  1911,  Iviii,  1550. 
242Xoguchi,  H. :     Pure   Cultivation  of   Spirochseta  refringens,    Tour.   Exper.   Med.,   1913,  xv, 

466. 
2-*3Levaditi,  and  Stanesco,  V. :     Culture  de  deux  spirochaetes  de  riiomme,  Compt.  rend.  Sor. 

de  biol,  1909,  Ixvii,  188. 
2*4Muhlens,   P.,    and   Hartmann.    M. :      Uber   bacillus    fusiformis    und    Spirochseta    dentium, 

Ztschr.   f.  Hyg.  u.   Infectionskrankh.,   1906,  Iv,  81. 
-i^Gabritschewsla-,  G. :     Les  bases  de  la  serotherapie  de  la  fievre  recurrente,  Ann.  de  I'lnst. 

Pasteur,  1896,  x,  629. 
-*6Levaditi,  C.,  and  Manouelian :     Recherches  sur  la   spirillose  provoquee  par  le  spirille  de 

la  Tick  Fever,  Compt.  rend  Soc.  de  biol.,  1906,  Ixi,  566. 
-^"Manteufel :      Untersuchungen    iiber    spezifische    Agglomeration    und    Komplementbindung 

bei  Trypanosomen  und  Spirochseten,  Arb.  a.  d.  k.  Gsndhtsamte.,   1908,  xxviii.  172 ;  Ex- 

perimentelle   Beitrage  zur   Kenntnis   der   Rekurrensspirochaeten   und   ihrer   Immunsera, 

Arb.  a.  d.  k.  Gsndhtsamte,  1908,  xxvii,  327. 
-^^Kolle,  W..  and  Schatiloff,  P. :     Untersuchungen  iiber  Komplementbindung  bei  Recurrens- 

erkrankungen   des   Menschen   und   experimenteller   Recurrens-Spirochaetese   der   Maiise 

und  Ratten,  Deutsch.  med.  Wchnschr.,  1908,  ii,  1176. 
Z'l^Korschun,  S.,  and  Leibfried:     Uber  Komplementbindung  bei  Tvphus  recurrens,  Deutsch. 

med.  Wchnschr.,  1909.  ii,  1179. 
^sopinger,  E. :     Studien  iib'er  Immunitat  und  Atiologische  Therapie  der  Syphilis,   Sitzungsb. 

d.  k.  Akad.  d.  Wissenschr.  Math.-naturw.  Kl.,  1905,  Abt.  3,  cxiv,  547;  Weitere  Studien 

iiber    Immunitat    bei    Svphilis    und    bei    der    Vakzination    gegen    Variola,    Wien.    klin. 

Wchnschr.,  1906.  xix,  620. 
25ipinger,  E.,  and  Landsteiner,  K. :     Syphilis  an  Aft'en,  Arch.  Dermat..  1906,  Ixxxi,  147. 
^•''SLandsteiner.  K.,  and   Finger,   E. :      Immunitat  bei   Svphilis,   Centralbl.   f.   Bakteriol.,   Abt. 

1,   1906,  xxxviii,   107. 
253Kraus,  R. :     Studien  uber  Immunitat  und  Atiologische  Therapie  der  Syphilis,  Sitzungsb. 

d.   k.  Akad.   d.   Wissenschr.   Math.-naturw.   Kl.,    1905,   cxiv.   Abt.   3,   547;   and   Weitere 

Studien   uber   Immunitat  bei   Svphilis  und  bei   der  Vakzination   gegen  Variola,   Wien. 

klin.  Wchnschr.,  1906,  xix,  620.' 
25*Spitzer,  L. :    Aetiologische  Therapie  der  Syphilis,  Wien.  klin.  Wchnschr.,  1905,  xviii,  1171. 
2-^nohn,   F. :     Reinfactio   syphilitica,   Samml.'klin.   Vortr..   1909,   n.    f..   No.   525-532. 
256Metchnikoff,   E.,   and   Roux,   E. :     Etudes  experimentales  sur  la   Svphilis,   Ann.  de  ITnst. 

Pasteur,  1903.  xvii,  809;  Ibid.,  1904,  xviii,  1.  657;  Ibid.,  1905.  x'ix,  673. 
25'Fontana,   A. :     Contribute   alio   studio   della   sifilide   corneale   del   coniglio.   Rev.   d'Igiene, 

1907,  646. 
258Uhlenhuth,  P.,  and  Weidanz,  O. :     Praventive  Wirkung  des  Atoxyls  im  Vergleich  mit 

Hg  bei  der  experimentelle  Kaninchensvphilis,  Deutsch.  med.  Wchnschr.,   1908,  xxxiv, 

862. 
-^^Bertarelli,   E. :     Uber   die  Immunisierung  des   Kaninchens   gegen   Hornhautsvphilis,   Cen- 
tralbl. f.  Bak-teriol.,  Abt.  1,  1908,  xlvi,  51. 
260'Pruffi,    M.:      Immunisierungsversuchen    gegen    Svphilis    beim    Kaninchen,    Centralbl.    f. 

Bakteriol.,  Abt.  1,  1910,  liv,  145. 
-^^Truffi,    AI. :      Uber    die    Empfanglichkeit    des    Kaninchens    gegeniiber    syphilitischen    Re- 

infektionen.,  Centralbl.   f.  Bakteriol.,   Abt.  1,  1910,  liv,  337. 
'^^Xomasczewski,   E. :     Ergebnis  der   Superinfektion  bei  der  Svphilis   bei   Kaninchen,   Berl. 

klin.  Wchnschr.,  1910,  xlvii,  1447. 
-^^Sow^ade,    H. :      Syphilitische    Allgemeinerkrankung    beim   Kaninchen    durch    intracardiale 

Kulturimpfung,  Deutsch.  med.  Wchnschr.,   1911,  xv,  682. 
2fi'*So\vade,   H. :     Uber    Spirochaeta  pallida   Kulturimpfungen,   nebst   Bemerkungen   iiber   die 

Wassermann    Reaktion   beim    Kaninchen,    Deutsch.    med.    Wchnschr.,    1911,   xlii,    1934. 
265Hoffmann,  E.,  and  Prowazek,  S.  v. :     Cited  by  Neisser  and  Bruck  in  Beitrage  zur  Path- 
ologic   und    Therapie    der    Syphilis,    Berlin.    1911;    Arb.    a.    d.    k.    Gsndhtsamte,    1911, 

xxxvii,  205. 
-*®Herxheimer,    K.,    and    Loser :      L'ber    den    Bau   der    Spirochaete    pallida,    Miinchen.    med. 

Wchnschr.,    1905,   lii,  2212. 
-^'Hoffmann,  E. :     Mitteilungen  und  Demonstrationen  iiber  experimentelle   Syphilis,   Spiro- 
chaeta pallida  und  andere  Spirochaetenarten,  Dermat.  Ztschr.,   1906,  xiii,  561. 
268Bronnun,  A.,  and  Ellermann,  V. :     Spirochaeta  pallida  in  den  inneren  Organen  bei  Syphilis 

hereditaria,  Deutsch.  med.  Wchnschr.,  1905,  xxxi,  1757. 
-^^Babes,   V.,   and   Panea,   J.:     Uber   pathologische   \'cranderungen   und    Spirochaete   pallida 

bei  congenitaler   Syphilis,   Berl.   klin.   Wchnschr.,   1905,   xlii,   865. 


SPIROCHETES  499 

-'■^Landsteiner,  K.,  and  Mucha,  V. :  Beobachtune;en  iiber  Spirochaete  pallida,  Centralbl.  f. 
Bakteriol,   Ref.,   1907,  xxxix,   540. 

2"iZabolotny,  D.,  and  Maslakowetz :  Beobachtungen  iiber  Beweglichkeit  und  Agglutina- 
tion der  Spirochsete  pallida,  Centralbl.   f.  Bakteriol..   1907,  xliv,  532. 

272Kolmer,  J.  A. :  Concerning  Agglutinins  for  Treponema  pallidum.  Jour.  Exper.  Med., 
1913,  xviii,  18. 

2"3N^]^j^j^Q^  Y[  ■  Uber  Immunisierungsversuche  mit  Spirochaeten  Reinkulturen,  Arch.  Der- 
mat.  u.  Syph.,  1913,  cxvi,  265. 

2'*Kissmever,  A. :  Agglutination  der  Spirochaeta  pallida,  Deutsch.  med.  Wchnschr.,  1915, 
xli,  306. 

275Zinsser,  H.,  and  Hopkins,  J.  G. :  Antibody  Formation  Against  Treponema  pallidum 
Agglutination,  Jour.  Exper.  Med.,  1915,  xxi,  576. 

276Zinsser,  H.,  Hopkins,  J.  G.,  and  McBurney,  M. :  The  Diiiference  in  Behavior  in  Immune 
Serum  Between  Cultivated  Nonvirulent  Treponema  pallidum  and  Virulent  Trepone- 
mata  from  Lesions,  Jour.  Exper.  Med.,  1916,  xxiii,  341. 

^"^Zinsser,  H.,  and  Hopkins,  J.  G. :  Spirochaeticidal  Antibodies  Against  Treponema  pal- 
lidum,  Jour.   Exper.   Med.,   1916,  xxiii,   323. 

2'8Craig.  Chas.  P.,  and  Nichols,  H.  J. :  A  Study  of  Complement  Fixation  in  Syphilis  with 
Spirochaeta  Culture  Antigens,  Jour.  Exper.  Med.,  1912,  xvi,  336. 

^"^Noguchi,  H. :  Experimental  Research  in  Syphilis  with  Especial  Reference  to  Spiro- 
chaeta pallida,  Jour.  Am.  Med.  Assn.,  1912,  Iviii,  1163. 

^sc'Noguchi,  H.  :     A  Cutaneous  Reaction  in  Syphilis,  Jour.  Exper.  Med.,  1911,  xv,  557. 

28iCamp :      Personal   communication. 

282Akatsu :     To  be  published  in  the  near  future. 

283Baermann,  G.,  and  Heinemann :  Die  Intracutanrcaktion  bei  Syphilis  und  Framboesie, 
Miinchen.  med.  Wchnschr.,  1913,  Ix,  1537. 


THE    EFFECT  OF  EXTENSIVE   VENESECTION   AND  TRANSFUSION 

ON  KIDNEY  LESIONS   IN  SEVERE  ACUTE   MERCURIC 

CHLORIDE  POISONING* 


By  W.  H.  Burmeister,  Chicago,  III. 


THE  manner  in  which  the  destructive  changes  found  in  kidney,  colon,  and 
liver  are  induced  in  mercuric  chloride  poisoning  is  at  this  date  still  a  subject 
of  controversy.  \\'hatever  the  mechanism,  it  is  true  that  death  in  man,  in  a 
large  majority  of  cases,  results  from  the  destructive  action,  direct  or  indirect, 
on  renal  parenchyma.  McNally  and  P  have  shown  that  irreparable  kidney 
parenchyma  degenerations  (as  far  as  the  life  of  individual  renal  cells  is  con- 
cerned) can  be  produced  within  3  minutes  after  the  administration  per  os  of  a 
massive  toxic  dose  of  mercuric  chloride.  Chemically  the  mercury  can  be  detected 
and  is  present  in  the  circulating  blood  in  amounts  that  can  be  determined  quan- 
titatively within  a  short  period  of  time.  Renal  cells,  like  other  tissue  cells,  die 
and  are  replaced  many  times  in  conditions  of  normal  health  or  in  disease.  Even 
in  sublimate  poisoning,  heroic  attempts  at  extensive  regeneration  and  substitu- 
tion of  the  destroyed  renal  cells  are  made  by  the  kidney  as  has  been  shown  by 
Heineke-  and  many  others.  When,  however,  the  destruction  of  the  renal  epithe- 
lium involves  tubules  practicall}'  en  masse,  and  when  the  remaining  undestroyed 
excretory  cells  have  undergone  such  severe  degeneration  that  they  are  unable  to 
functionate,  the  individual  is  usually  doomed  to  death  from  the  resulting  uremia 
before  new  cells  capable  of  functioning  can  regenerate,  or  before  the  injured 
cells  can  rehabilitate  themselves  sufficiently  to  again  take  up  their  own  and  the 
added  work  of  their  destroyed  neighbors. 

Modern  therapy  in  the  treatment  of  acute  mercurial  poisoning  has  concerned 
itself  principally  with  atten^pts  at  the  removal  of  the  unabsorbed  poison  from 
the  gastrointestinal  tract.  Lieb  and  Goodwin-^  have  shown  that  mercury,  after 
its  absorption,  is  excreted  into  the  stomach  only  to  be  reabsorbed  unless  removed 
by  aspiration.  Flexner  and  Sweet^  have  shown  that  mercury  absorbed  from  the 
gastrointestinal  tract  is  in  part  excreted  by  the  liver  into  the  bile  which  conveys 
it  to  the  small  intestine  where  it  is  again  absorbed  and  taken  back  to  the  liver. 
Thus  the  brunt  of  the  fmal  elimination  is  borne  by  such  organs  as  the  kidney  and 
colon.  It  is  because  of  this  repeated  reabsorption  by  some  organs  that  the 
complete  elimination  of  the  mercury  is  such  a  long  extended  process.  Clinicians 
have  profited  by  past  experimental  work,  and  at  present,  frequently  repeated  gas- 
tric lavage  and  colonic  flushing  or  continuous  irrigation  are  yielding  most  gratify- 
ing results  as  evidenced  by  the  work  of  Lambert  and  Patterson''  and  many  others. 
Despite  the  fact  that  the  lives  of  some  individuals  are  saved  in  this  way,  the 
prognosis  in  many  cases  must  still  be  considered  dubious.  The  fact  that,  within 
a  few  moments  after  the  ingestion  of  a  massive  toxic  dose  of  mercuric  chloride, 
sufficient  mercury  has  been  taken  into  the  circulating  blood  to  produce  most  ex- 
tensive kidney  degeneration  would  indicate  that,  in  conjunction  with  our  present 
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therapeutic  measures,  an  adtlitional  therapeutic  method  which  would  aid  in  the 
removal  of  the  mercury  already  absorbed  and  present  in  the  blood  would  be  of 
inestimable  value.  Its  value  would  be  proportionately  enhanced  if  this  removal 
could  be  accomplished  speedily  and  through  some  other  portal  than  an  excre- 
tory organ.  As  has  been  indicated  the  vicious  circle  established  by  the  continued 
reabsorption  following  elimination  by  other  organs  increases  and  prolongs  the 
task  set  for  the  kidney.  Rosenbloom,"  in  extensive  separate  analyses  made  of 
the  organs  and  body  of  a  girl  suicide  who  died  ten  days  after  taking  15  grams 
of  mercuric  chloride,  found  that  there  was  still  present  in  the  entire  body  175.39 
mg.  of  mercury.  Almost  13  of  this  amount,  52  mg.,  was  contained  in  the 
blood  alone.  Almkvist"  has  found  experimentally  the  greater  bulk  of  mercury 
contained  in  the  animal  body  to  be  present  in  the  blood,  lymph,  and  "tissue 
juices."  If  then  one  could  remove  from  the  blood  all  of  the  absorbed  mercury 
in  addition  to  preventing  further  absorption  of  the  mercury  at  its  portal  of  en- 
trance (most  frequently  the  stomach),  the  kidney  and  other  vital  organs  would 
be  spared  the  further  onslaught  of  the  toxic  agent  contained  in  this  blood  and 
they  would  recuperate  more  rapidly.  That  this  thought  has  occurred  to  many 
workers  is  evidenced  by  a  large  volume  of  experimentation  recounted  in  the 
earlier  literature.  In  most  instances  it  was  attempted  to  render  the  mercury 
contained  in  the  blood  inert  by  changing  it  to  an  in-soluble  compound.  Various 
chemicals  have  been  injected  intravenously  or  administered  by  mouth  for  this 
purpose.  Results  have  been  variously  reported.  Therapeutically  all  of  these 
methods  have  been  abandoned  by  most  clinicians  who  ha\e  atttmpted  them.  If, 
as  it  would  seem,  it  is  impossible  to  remove  mercury  satisfactorily  in  this  way, 
one  other  method,  to  date  apparently  untried,  still  remains  open  to  us.  Recent 
successes  and  simplifications  in  the  methods  of  transfusion  would  seem  to  indicate 
the  way  to  this  last  avenue  of  approach — complete  substitution  of  the  mercury- 
containing  blood  by  nonmercury-containmg  blood.  Alternating  copious  vene- 
section followed  by  transfusion  of  normal  blood  would  assuredly  aid  in  removing 
the  toxic  substance.  W'hether  the  degree  to  which  the  kidney  could  be  spared 
would  warrant  such  a  procedure  seems  on  the  surface  problematical,  even  doubt- 
ful. Viewed  in  its  most  favorable  light,  little  could  be  hoped  for  unless  one 
were  certain  that  there  would  be  no  further  absorption  of  mercurj'  to  contaminate 
the  newly  transfused  blood.  At  best,  then,  this  procedure  could  be  only  a  supple- 
mentary therapeutic  aid.  Incidental  factors  such  as  the  initial  damage  done  to 
the  kidney  and  the  completeness  and  rapidity  of  the  remo\al  of  tlie  circulatmg 
j  mercury  must  assuredly  be  of  much  moment  in  a  problem  of  this  type.  W  itli  an 
i    hypothesis  of  this  character,  admittedly  of  dubious  prospect,  yet  not  without  its 

ray  of  promise,  the  following  experiments  were  undertaken  : 

I  A  series  of   14  dogs  and  24  rabbits  were  used.     One-half  of   this  number 

I    were  used  as  controls.    For  each  animal  transfused  a  sej^irato  control  of  approx- 

1    ittiately  the  same  size,  weight,  and  sex,  was  chosen.     Where  there  was  a  dif- 

I    ference  in  weight,  the  larger  animal   was  chosen  as  the  control,     ^'oung  dogs 

weighing  from  4  to  7  kilos  were  used.     In  our  previous  work  McXally  and   I' 

found  that   mercury   is  absorbed   and    taken    into   thi."   blood    very    rapidly    when 

I   administered  by  mouth  to  an  empty  stomach,  and  that  ])ractically  simultaneously 

tissue  changes  in  remote  organs  appear.     It  was  therefore  decided   to  admin- 
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ister  the  mercuric  chloride  to  these  animals  subcutaneously.  This  assured  ab- 
sorption as  rapid  as  that  from  an  empty  stomach.  In  addition,  complete  anesthe- 
sia to  prevent  loss  of  mercuric  chloride  by  vomiting  could  be  eliminated.  Mer- 
curic chloride  in  a  slightly  acid  water  solution  (15  to  20  c.c.)  was  administered 
in  amounts  varying  from  0.25  to  0.5  grams.  This  was  injected  subcutaneously 
in  amounts  from  2  to  5  c.c.  in  various  parts  of  the  body  thus  promoting  most 
rapid  absorption.  The  injections  in  the  controls  were  in  the  same  amounts  and 
in  corresponding  subcutaneous  locations.  Blood  corpuscles  which  had  been 
previously  obtained  from  normal  dogs'  blood,  had  been  washed  free  from  their 
plasma  and  had  been  kept  in  a  solution  of  2)4  per  cent  dextrose  in  'Ringer's  solu- 
tion at  4"  C.,^  were  used  in  the  transfusion.  The  blood  treated  in  this  way  was 
obtained  from  1  to  3  days  before  it  was  transfused.  The  animal  was  transfused 
from  2  to  3  hours  after  the  administration  of  the  mercuric  chloride.  No  pre- 
liminary examination  was  made  to  determine  the  presence  of  isoagglutinins  or 
isohemolysins  on  the  part  of  donor  or  recipient.  The  animal  was  transfused  un- 
der ether  anesthesia.  Bleeding  and  transfusion  was  done  by  means  of  a  100 
c.c.  Luer  syringe  and  glass  cannula,  via  the  right  jugular  vein.  From  100  c.c. 
to  200  c.c.  of  blood  were  withdrawn  at  one  time  and  followed  immediately  by 
slow  indirect  transfusion  of  an  equal  volume  of  the  washed  corpuscle  suspen- 
sion. This  ^yas  continued  until  400  to  700  c.c.  of  blood  had  been  removed.  In 
the  smaller  dogs  the  ultimate  volume  removed  in  this  manner  was  equal  to  1^ 
times  the  total  normal  blood  volume  for  the  animal.  In  the  larger  dogs  this  rep- 
resented usuailly  slightly  less  than  the  total  amount  of  blood.  From  1)^  to  2 
hours  were  usually  occupied  in  making  this  blood  substitution.  The  vein  was 
tied  and  the  skin  was  closed.  The  control  animal  received  no  treatment.  Death 
invariably  occurred  within  18  to  24  hours.  With  one  exception  all  of  the  trans- 
fused animals  died  2  to  8  hours  earlier  than  the  controls.  In  the  former  instance 
the  death  of  the  control  occurred  8  hours  prior  to  that  of  the  transfused  animal. 
In  the  rabbit  series  blood  from  normal  rabbits  was  obtained  and  washed  as  was 
the  dogs"  blood.  Rabbits  weighing  from  1500  gm.'  to  2500  gm.  and  equally  heavy 
control  animals  were  used.  Mercuric  chloride  in  amounts  of  0.01  gm.  to  0.06 
gm.  was  injected  subcutaneously  similar  to  the  manner  in  which  it  was  adminis- 
tered to  the  dogs.  Because  of  the  difficulty  experienced  in  obtaining  generous 
amounts  of  blood  by  venesection,  the  rabbits  were  bled  by  cardiac  puncture. 
They  were  then  transfused  through  a  marginal  ear  vein  with  a  suspension  of 
washed  corpuscles  from  an  equal  volume  of  normal  rabbits'  blood.  In  five  rab- 
bits and  their  five  controls  death  occurred  within  2  to  4  days.  Three  of  the  trans- 
fused animals  lived  from  10  to  20  hours  longer  than  their  controls;  the  remaining 
2  were  found  dead  in  their  cages  4  to  8  hours  before  the  death  of  their  controls 
occurred.  Three  rabbits  died  within  a  few  hours  following  cardiac  puncture  and 
transfusion.  At  necropsy  death  was  found  to  be  due  to  a  heart  tamponade 
secondary  to  intrapericardial  hemorrhage  from  the  cardiac  puncture  wound. 

A  comparative  study  of  the  kidneys  of  these  animals  and  their  controls  which 
seemed  to  warrant  a  continuance  of  the  work  will  be  discussed  later.  Had  the 
mortality  rate  in  these  experiments  been  less  discouraging  there  would  still  have 
been  a  most  serious  drawback  to  the  practical  application  of  this  method  of 
therapy,  i.  e.,  the  difficulty  experienced  in  obtaining  donors  for  such  large  quan- 
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tities  of  blood.  I  therefore  decided  to  attempt  a  removal  in  vitro  of  the  mercury 
from  the  blood  obtained  by  venesection,  and  to  utilize  this  blood  in  a  subsequent 
transfusion.  In  medico-legal  investigations  the  presence  of  mercury  is  fre- 
quently determined  quantitatively  by  electrolytic  methods.  A  modification  of  the 
Wolff-Schneider^  apparatus  for  this  purpose  was  kindly  designed  for  me  by 
W.  D.  McNally.  This  consisted,  as  will  be  noted  from  the  accompanying  illus- 
tration, of  a  glass  container  for  the  blood.  In  this  were  immersed  a  funnel- 
shaped  gold,  and  a  spiral-shaped  platinum  electrode.  Two  dry  cells  in  series, 
or  a  4  volt  storage  battery  were  used.  The  platinum  electrode  was  connected  to 
the  cathode,  and  the  gold  to  the  anode.  In  a  series  of  preliminar}-  experiments, 
blood  from  dogs  poisoned  with  mercuric  chloride  was  washed  by  the  method 
previously  cited.  Fifty  to  70  c.c.  of  such  washed  corpuscles  when  tested  for 
mercurv'  always  gave  a  most  marked  positive  Reinsch  test.     An  equal  quantity 


Kig.  1. — A.  Kidney  of  control  dog  which  received  no  treatment.  Grossly  the  changes  of  fatty  de- 
generation located  in  the  epithelium  of  the  ascending  limbs  of  the  loops  of  Henle  are  very  evident. 
B.  Kidney  of  dog  treated  by  venesection  and  transfusion.  This  dog  was  approximately  of  the  same  age, 
of  equal  weight,  and  the  same  sex  as  the  dog  from  which  A  was  taken.  He  received  a  dose  of  mercuric 
chloride  subcutaneously  c<|ual   to  that   of  A. 


of  such  blood  placed  in  this  apparatus  was  negative  for  mercury  by  the  Reinsch 
test  after  a  current  had  been  passed  through  it  for  45  minutes.  In  careful  hands 
it  has  been  found  that  the  Reinsch  test  will  yield  ]i()sitive  results  where  as  little 
as  0.00001  gm.  of  mercuric  chloride  is  present  in  100  c.c.  of  suspected  material. 
During  this  mercury-removal  process  bubbles  of  chlorine  and  other  gases  were 
liberated  and  rose  to  the  upper  surface  carrying  along  some  clumps  of  erythro- 
cytes enmeshed  in  a  small  amount  of  (il)rin-like  material.  .'Xfter  45  minutes  the 
contents  of  the  reservoir  were  drawn  off  and  filtered  under  sterile  precautions 
through  8  to  10  layers  of  surgical  gauze.  When  examined  microscopically,  the 
erythrocytes  appeared  decidedly  crenated.  'Phero  were  no  blood  shadows,  no 
fragments  of  corpuscles,  and  the  cori)uscles  were  not  cluin])ed.  It  was  tound, 
however,  that  from  30'/(  to  50'/v'  of  the  corpuscles  were  lost  during  iIk-ni"  manipu- 
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lations.  Because  of  this  the  corpuscles  were  again  washed  and  recentrifugahzed. 
By  withdrawing  a  sufficient  quantity  of  the  upper  clear  fluid  after  centrifugaliza- 
tion,  the  total  volume  of  the  corpuscle  suspension  was  reduced  until  counts  yield- 
ing from  7,000,000  to  8,000,000  erythrocytes  per  c.mm.  were  obtained.  Three 
rabbits  poisoned  with  mercuric  chloride  were  exsan- 
guinated and  their  blood  treated  in  this  way.  Three 
normal  rabbits  weighing  from  1400  gm.  to  1500  gm. 
were  then  bled  by  cardiac  puncture  and  50  c.c.  to  60 
c.c.  of  blood  was  removed  from  each.  These  rabbits 
were  immediately  transfused  through  a  marginal  ear 
vein  with  an  equal  volume  of  the  corpuscle  suspension 
obtained  from  the  blood  of  the  poisoned  rabbits.  There 
were  no  untoward  results.  The  rabbits,  in  collapse 
following  the  cardiac  puncture,  were  on  their  feet 
within  half  an  hour  and  during  the  following  20  days 
were  apparently  normal.  They  were  subsequently  used 
in  other  work.  To  each  of  three  rabbits  weighing 
1500  gm.  to  1600  gm.  was  then  administered  0.01  gm. 
of  mercuric  chloride  hypodermatically.  After  one  hour 
they  were  bled  by  cardiac  puncture  to  the  extent  of 
50  c.c.  of  blood  and  immediately  transfused  through 
a  marginal  ear  vein  with  an  equal  quantity  of  blood 
from  normal  rabbits.  The  blood  removed  by  cardiac 
puncture  from  each  rabbit  was  washed  and  freed  of 
its  mercury  by  the  method  described ;  the  volume  was 
adjusted  to  an  8,000,000  per  c.mm.  erythrocyte  count. 
Enough  normal  rabbits'  blood  was  added  to  each  por- 
tion to  bring  the  volume  to  40  c.c.  One  to  two  hours 
following  the  first  cardiac  puncture  the  animals  were 
again  and  similarly  bled  to  the  extent  of  40  c.c.  of 
blood  and  immediately  transfused  as  before,  this  time, 
each  with  its  own  blood.  This  was  the  blood  which 
had  been  obtained  at  the  previous  bleeding  and  freed 
of  its  mercury  in  the  interim.  Death  in  all  three  in- 
stances ensued  within  the  next  hour.  Apparently  the 
shock  attendant  upon  two  cardiac  punctures  was  too 
great.  The  three  control  animals  died  within  two  to 
three  da}'s. 

At  necrops}-  in  the  rabbit  series  no  striking 
differences  were  noted  grossly  in  a  comparison  of 
the  kidneys  of  the  control  and  of  those  of  the  trans- 
fused animals.  In  the  dog  kidneys,  however,  rela- 
tively marked  dififerences  were  apparent.     The  light 

ray-like  streaks  of  fatty  degeneration  (microscopically  usually  limited  to  the  as- 
cending limbs  of  the  loop  of  Henle)  so  characteristic  of  acute  mercuric  chloride 
poisoning  in  the  dog,  were  in  all  instances  less  numerous  and  decidedly  fainter 
in   the   transfused  animals   than   in   their   controls.       This   was   equally   striking 


Fig.  2. — Apparatus  for  remov- 
ing mercury  electrolytically  from 
the    blood. 
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microscopically  in  Sudan  III  stained  sections.  In  most  instances  fewer  as- 
cending limb  tubules — numerically  Y^  to  ^ — were  involved,  and  the  degree  of 
fatty  degeneration  of  the  epithelium  was  far  less  advanced.  Frequently  onlv 
a  few  cells  in  the  entire  tubule  presented  these  changes,  whereas  in  the  con- 
trol animal  every  cell  in  an  entire  tubule  was  found  involved,  and  this  was 
practically  uniform  for  all  tubules  of  this  type.  No  material  dififerences,  how- 
ever, were  found  in  the  degree  of  degenerative  change  in  the  convoluted  tubule 
epithelium.  In  both  transfused  and  control  animals  severe  parenchymatous 
degenerations  were  usually  present  in  these  tubules.  The  minute  black  globules 
and  granules  described  by  Almkvist"  and  others  which  are  to  be  seen  in  paren- 
chyma cells  and  blood  and  lymph  channels  in  the  kidney  of  mercuric  chloride 
poisoned  animals,  were  quite  as  abundant  in  the  kidney  of  the  transfused  as 
in  the  nontreated  animals. 

CONCLUSIONS. 

1.  Copious  venesection  followed  by  transfusion  of  normal  blood  inhibits 
both  qualitatively  and  quantitatively  the  characteristic  degeneration  usually  found 
in  the  epithelium  of  the  ascending  loop  of  Henle  in  the  kidneys  of  dogs  acutely 
poisoned  by  mercuric  chloride. 

2.  In  desperate  and  other  cases  of  acute  mercurial  poisoning,  venesection 
followed  by  transfusion  should  be  practiced  in  addition  to  other  therapeutic 
measures  now  in  use. 

3.  Erythrocytes,  from  the  blood  of  rabbits,  when  suspended  in  Ringer's 
solution  are  apparently  not  injured  by  a  3  to  4  volt  electrical  current  passed 
through  the  solution  for  5^  to  ^  hour  periods. 

•i.  In  this  way  metallic  mercury  can  be  removed  in  vitro  from  the  blood  of 
animals  poisoned  by  mercuric  chloride  and  this  blood  qualitatively  freed  from 
its  corrosive  contamination  can  again  be  utilized  in  subsequent  transfusions. 
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RECENT  ADVANCES  IN  THE  STUDY  OF  AUTOLYSIS* 


By  Max  Morse,  Ph.D.,  Chicago. 


THE  purpose  of  this  brief  communication  is  to  present  some  of  the  more 
recent  work  concerning  the  behavior  of  intracellular  enzymes,  which  is 
of  more  definite  interest  to  the  clinician.  An  exhaustive  account  of  modern  in- 
vestigations in  this  field  would  involve  lines  of  work,  which,  while  of  the  greatest 
importance  in  themselves,  are  of  lesser  importance  to  the  medical  man.  As  an 
example,  wc  may  mention  yeast  autolysis,  where  the  problem  of  hydrolysis  and 
synthesis  is  being  considered.  Meager  reports  have  been  made  concerning  the 
role  of  yeast  proteolytic  enzymes  in  synthesizing  proteins  for  human  food ;  but 
interesting  as  these  matters  are,  we  shall  confine  the  following  pages  to  a  more 
circumscribed  field.  For  general  considerations,  the  reader  is  referred  to  the 
excellent  summary  of  W'ells,^  to  the  book  of  Carl  Oppenheimer,-  and  to  Ver- 
non's article.^ 

It  is  widely  accepted  as  a  matter  of  demonstrated  fact  that  autolysis ;  that 
is,  the  process  of  functionating  of  intercellular  enzymes,  plays  a  major  role 
in  pathology.  Thus  we  find  the  statement  made  that  "all  absorption  of  dead 
or  injured  tissues  seems  to  be  accomplished  by  means  of  digestion  by  the  en- 
zymes of  the  cells  and  tissue  fluids,"'^  The  removal  of  infarcted  tissues,  diges- 
tion of  necrotic  areas,  involution  of  the  uterus,  liquefaction  of  nervous  tissue, 
dissolution  of  pus,  disappearance  of  pneumonic  exudates,  atrophy  of  the  liver, 
and  many  other  pathological  phenomena  are  assigned  to  autolysis  in  causal 
relations. 

Upon  what  basis  do  we  rest  our  belief  that  intracellular  enzymes  are  re- 
sponsible for  these  processes?  The  evidence  is  a  posteriori  in  each  case.  Ligate 
an  organ  from  its  blood  supply  and  estimate  the  amino-acid  content  of  the  or- 
gan; amino-nitrogen  has  markedly  increased.*  Study  newly  formed  pus  and 
compare  it  with  that  which  has  existed  for  some  time ;  amino-acid  increase 
again  in  the  latter  case.'^  Excise  an  organ,  say,  the  spleen.  Grind  it  up,  suspend 
it  in  water,  and  cover  with  chloroform  and  toluene,  permit  to  stand  a  few  days 
in  a  temperature  of  37°  C;  dissolution  and  an  increase,  again,  of  amino-acids.'' 
The  evidence,  then,  is  that  inasmuch  as  there  is  an  appearance  of  the  end  prod- 
ucts of  erepsin-like  digestion,  erepsin-like  digestion  has  taken  place. 

However  willing  we  may  be  to  accept  this  analysis  as  final,  we  must  answer 
the  following  questions  before  we  may  legitimately  relegate  the  processes  enum- 
erated above  to  autolysis,  as  the  term  is  defined : 

1.  Why  is  it  that  there  is  a  wide  discrepancy  in  rate  between  ///  vitro 
autolysis  of  brain,  muscle,  etc.,  and  the  instances  referred  to  autolysis  involving 
these  tissues,  mentioned  above?  The  liquefaction  of  brain  tissue  is  remarkable 
for  its  rapidity,  yet  brain  tissue  is  the  slowest  in  rate  to  autolyze*  out  of  the 
body.  The  same  statements  may  be  applied  to  muscle,  except  that  the  discrep- 
ancy is  less  marked. 


*From   the  Nelson   Morris   !N[einorial   Institute   for    Medical   Research    of   the   Michael    Reese   Hospital. 
Presented  at  the  January,   1917,  meeting  of  the  Clinical   Society  of  the   Hospital. 
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2.  \\'hy  is  it  that  an  actual  acidity  (pH  <  7.07)  is  necessary  for  in  vitro 
autolysis,  "'  ^'^,  while  in  no  instance  has  a  true  acid  reaction  been  attained  in  the 
organism  save  in  the  stomach  and  in  the  urinary  bladder  ?^°  Certainly  we  can- 
not align  uterine  involution  with  autolysis,  for  the  blood  supply  is  intact  and 
anv  tendency  toward  pH  <  7.07  is  met  by  bufifer  salts,  as  Henderson^f  has  shown. 
We  may  say  the  same  of  certain  types  of  carcinomata,  of  hemorrhagic  infarcts 
where  total  occlusion  of  the  blood  has  not  occurred,  etc. 

Until  these  discrepancies  are  explained,  we  must  apply  the  Scots'  verdict 
of  not  proved. 

Modern  studies  of  autolysis  have  approached  more  and  more  closely  to  the 
factors  fundamental  to  the  process.  Up  until  the  present  time,  for  instance,  it 
has  been  believed  that  the  effect  of  acid,  long  known  to  accelerate  in  vitro 
autolysis,  was  directly  upon  the  enzymes,  activating  them  as  we  believe  pepsin 
is  activated  by  hydrochloric  acid.^^  and  as  other  enzymes  are  affected  by  reac- 
tion of  medium.  Bradley.^-  however,  has  shown  that  the  effect  of  adding  acids 
or  "acid"  salts  concerns  not  only  the  rate  but  the  point  of  equilibrium  of  the 
reaction;  that  is,  not  only  is  the  rate  accelerated,  but  the  total  quantity  of  end 
products  of  hydrolysis  is  greater  than  in  the  control.  Now,  Ostwald  has  demon- 
strated that  a  true  catalyzer  does  not  affect  the  point  of  equilibrium,  but  the 
rate  alone,  and  for  this  reason  Bradley  has  been  led  to  examine  the  matter 
further.  He  has  found  that  the  addition  of  foreign  proteins  to  an  autolyzing 
digest  gives  the  same  picture  as  a  digest  where  acid  has  been  added.  He  like- 
wise finds  that  when  acid  is  added  to  such  a  digest,  the  rate  and  the  point  of 
equilibrium  are  not  affected,  meaning,  as  he  believes,  that  no  enzymic  effect  is 
obtained.  Other  reasons  are  given  in  the  original  papers,  to  which  the  reader  is 
referred.  The  matter  is  important  because  there  is  no  essential  difference  be- 
tween the  natural  accumulation  of  acids  in  dying  tissues  (hydroxy  acids,  ketone 
acids,  etc.)  and  the  addition  of  acid  from  without,  artificially.  Bradley  has  at- 
tempted to  formulate  an  explanation  of  starvation  metabolism,  acidosis,  and 
other  pathological  states  in  terms  of  intracellular  enzymes.  To  this  theory  the 
writer  has  objected  as  far  as  interpretation  is  concerned.^'"  ^* 

Another  theory  concerning  autolysis  is  that  w'hich  has  been  erected  to  ex- 
plain the  acceleration  at  the  inception  of  autolysis  where  oxygen  supply  is  elim- 
inated. W.  E.  and  E.  L.  Birge,^^'  on  studying  the  effects  of  oxygen  upon  pepsin 
and  trypsin,  found  that  the  action  of  these  enzymes  was  suppressed  in  an  at- 
mosphere of  oxygen  gas  and  purely  as  a  matter  of  analogy,  they  assumed  that 
autolyzing  enzymes  reacted  similarly.  That  there  is  no  basis  for  such  an  as- 
sumption has  been  shown  b\-  tlie  writer,"'  who  studied  the  effects  of  oxygen 
gas,  oxides  and  peroxides  upon  autolysis.  If  oxygen  or  other  oxygen-bearing 
reagents  affect  intracellular  enzymes  in  any  way,  it  is  an  acceleration  rather 
than  a  retardation,  so  that  any  thcor}-  based  u]ion  the  belief  that  owgen.  w  lien 
present,  as  in  normal  tissues,  inhibited  the  action  of  these  enzymes,  while,  on 
interfering  with  the  blood  supply,  oxygen  supply  is  interrupted  and  the  inhibi- 
tory mechanism  removed,  is  untenable.  I'rom  the  time  of  Iiopi)e  Seyler  and 
his  pupil  Lubavin,^"  who  first  recognized  autolysis  as  a  ferment  action,  this  er- 
roneous theory  of  oxygen  relation  has  been  held. 
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\\'hat  really  happens  when  the  blood  supply  is  cut  off  from  an  organ  is  the 
accumulation  of  HoCO:^  and  perhaps  of  acids  of  incomplete  combustion,  pro- 
duced intramolecularly,  such  as  hydroxy  acids  (lactic,  etc.),  ketone  acids, 
etc.,  so  that  autolysis  proceeds  in  an  acid  medium. 

Regarding  the  factors  operating  to  permit  autolysis  in  some  tissues  at  a  much 
greater  rate  than  in  others,  the  writer  has  eliminated  two.  In  the  first  p^.ace,  in- 
asmuch as  the  number  of  nuclei  per  cubic  millimeter  in  gland  tissue  is  much 
greater  than  the  number  in  tissues  such  as  muscle,  nervous,  etc.,  which  autolyze 
more  slowly,  it  is  a  tempting  hypothesis  that  this  factor  of  nuclear  components 
may  be  a  potent  one.  To  solve  at  least  one  portion  of  the  problem,  the  wnter^^ 
added  nucleic  acid  salts,  such  as  sodium  nucleate  to  autolyzing  tissue  and  de- 
termined that  there  is  no  acceleration  in  the  presence  of  the  nuclear  compounds. 
There  remains,  of  course  the  possibility  that  the  enzyme  component  of  the  tis- 
sues autolyzing  at  faster  rate  is  greater  than  that  of  the  more  slowly  digesting 
material  and  the  writer  is  at  present  attempting  to  determine  this  point. 

Again,  it  is  possible  that  some  of  the  tissues  which  undergo  autolysis  at 
greater  rate  produce  more  acid  in  a  given  time  than  those  autolyzing  more  slow- 
ly. The  writer  has  studied  this  in  a  preliminary  way,  but  to  an  extent  sufficient 
to  warrant  the  statement  that  as  far  as  brain  compared  with  liver  is  concerned 
there  is  no  basis  for  the  assumption.  Using  the  Sorensen  colorimetric  method 
with  Hynson-Wescott-Dunning  tubes  with  phenolsulphonphthalein  as  indicator, 
the  tii:sues  were  dialyzed  within  5  seconds  after  their  excision  from  the  rabbit 
which  had  been  killed  by  an  occipital  blow,  against  0.8%  NaCl.  pH=7.0.  The 
results  in  both  instances  ran  parallel  and  approximated,  essentially,  the  findings 
reported  before. '^  At  the  end  of  an  hour,  the  reaction  gave  approximately  the 
same  in  both  cases,  pH  =  6.4.  Inasmuch  as  the  rate  of  autolysis  during  this  time 
is  a  function  of  the  concentration  of  hydrogen-ions  to  at  least  a  considerable 
extent,  it  seems  unlikely  that  acid  development  affects  the  quantitative  results 
in  a  differential  way  among  the  tissues. 

It  must  be  admitted,  then,  that  much  remains  to  be  accomplished  in  the 
study  of  the  fundamental  factors  in  autolysis  before  we  are  at  liberty  to  as- 
sign limitations  of  the  participations  of  this  process  in  pathology. 

BIBLIOGRAPHY. 

iWells,  H.  G. :     Chemical  Pathology,  1917,  3rd  in  press,  Philadelphia. 

^Oppenheimer,  Carl :     Die  Fermente,  1910,  3rd  ed..  Jena. 

^Vernon,  H. :     Ascher-Spiro,  Ergebnisse  der  Phvsiologie. 

•*Jacoby,  M. :     Ztschr.  f.  physiol.  Chem.,  1900,  xxx,  148. 

sMorris  and  Boggs :     Arch.  Int.  Med.,  1911,  viii,  806. 

eOpie,  E.  L. :    Jour.  Exper.  Med.,  1910,  v,  541. 

^Salkowski,  E. :     Ztschr.  f.  physiol.  Chem.,  1905,  xix,  349. 

sMorse,  M. :    Jour.  Biol.  Qhem.,  1916,  xxiv,  163. 

^Bradley,  H.  C:     Jour.  Biol.  Chem.,  1916,  xxv,  261. 
loHarvey  and  Bensley :     Biol.  Bull.,  1912,  xxiii,  2. 

Henderson,  L.  J.:     Ascher-Spiro,  Ergebnisse  der  Physiologic. 
^iHedin  and  Rowland:     Ztschr.  f.  phvsiol.  Chem.,  1901,  xxxii,  341. 

^2Bradley,  et  al. :     Jour.  Biol.  Chem.,'  1915-16,  xxi,  209;  Ibid.,  xxii,  113;  Ibid.,  xxv,  261,  363.  | 
i^Morse,  M. :     Communicated  to  the  New  York  Meeting,  Am.  Soc.  Biol.  Chem.,  1916. 
^•*Morse,  M. :     In  press. 

i^Birge,  W.  E.,  and  E.  L. :     Am.  Jour.  Physiol.,  1914,  xxxiv,  140.  ! 

i^Morse,  M. :     Biochem.  Bull.,  1916,  v.  143.  f 

^''Seyler,  Hoppe,  P.:     Mediciner-chem.  Untersuchungen,  1877,  iv,  499. 


PERNICIOUS  VOMITING  WITHOUT  ACIDOSIS  ASSOCIATED  WITH 
A  DISTURBANCE  OF  THE   AMMONIA-UREA 
QUOTIENT  OF  THE  BLOOD  * 


By  H.  L.  McNeiIv,  M.D.,  and  M.  D.  Levy,  M.D., 
Galveston,  Texas. 


OEVERAL    forms   of   persistent    vomiting,    not    connected    with   any   definite 

0  demonstrable  pathological  lesions  have  been  described  at  different  times. 
Many  of  these  attacks  have  been  attributed  to  a  condition  of  acidosis,  as  for 
example,  the  cyclic  vomiting  of  children.  Others  have  been  explained  by  preg- 
nancy, pelvic  disorders  in  women,  and  still  others,  the  so-called  idiopathic 
vomiting  of  adults,  for  example,  remain  unexplained. 

It  has  been  the  privilege  of  one  of  us,  during  the  past  few  years  to  have  ob- 
served two  cases  of  pernicious  vomiting  in  adults,  not  associated  with  any  dem- 
onstrable lesions  of  the  body  which  could  account  for  the  condition,  nor  with 
any  acidosis  so  far  as  was  determined.  Since  these  patients  presented  practi- 
cally identical  clinical  pictures,  and  since  one  of  them  came  to  autopsy,  while 
the  other  was  made  the  subject  of  a  limited  metabolic  study  by  means  of  some 
of  the  newer  methods  recently  placed  at  the  disposal  of  the  clinician,  we  feel 
that  these  cases,  taken  together,  may  be  worthy  of  report. 

The  symptoms  of  both  of  these  patients  were  practically  identical,  consisting 
in  each  case,  primarily,  of  severe  and  persistent  periodic  vomiting  associated  with 
a  certain  degree  of  mental  unrest,  irritability,  and  towards  the  termination  of  the 
disease,  of  stupor.  Delirium  was  not  noted.  No  fever,  chills,  jaundice,  nor  ab- 
dominal tenderness  or  rigidity  was  noted  in  either  case.  Death  terminated  ihe 
disease  in  one  case,  while  the  other  recovered  after  a  serious  and  prolonged 
illness. 

The  cases  in  detail  are  as  follows : 

F.  S.,  39  years  of  age,  single,  a  seamstress  by  trade.  Entered  the  hospital 
complaining  of  vomiting  which  had  come  on  suddenly  without  apparent  cause. 
Family  history  negative.  Past  history  negative,  except  for  the  continuous  use 
of  alcohol  in  the  form  of  both  whiskey  and  beer  for  aljout  ten  years.  The  pres- 
ent illness  had  come  on  three  days  before  admission,.  api)arently  without  any 
exciting  cause. 

Physical  examination  on  admission  revealed  nothing  of  note.      Ko  alxlom- 

inal  tenderness  or  rigidity  was  noted.     Liver  apparently  not  enlarged.     Patient 

was  rather  dull  and  stupid  mentally,  but  became  irritalile  and  (|uerulous  when 

I  aroused.     Gastric  analysis  showed  an  absence  of  free  MCI  w  ilh  :in  a\  I'rage  total 

1  acidity  of  10.     Xo  other  abnormalities.     Duodenal  contents  and  stools  repeatedly 

1  negative.  lUood  showed  a  slight  relative  anemia  (red  blood  cells.  4.000.(X)()) 
•and  a  white  count  of  9,000  with  a  normal  differential  count.     W  assennann  nega- 

i  live.  Urine  showed  a  sjjecific  gra\it\-  of  from  \i)\?  to  1030.  Reaction  faintly 
j  acid  to  litmus.      No  albumin,   casts,   or  acetone   lioilics   ui)on    repeated   examina- 

*From  neiiartnient  of  Intciiial    .MLMliciiu-,   L'nivi.-r.sity   of  'rc\a.s   .Medical   SiIukiI.   Calviviini.    ■I'ls.i'.. 
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tions.  Death  occurred  two  weeks  after  admission,  the  patient  gradually  becom- 
ing weaker,  and  the  vomiting  continuing  at  intervals  throughout  the  course  of 
the  disease.  Death  was  apparently  caused  by  gradual  cardiac  failure.  No  de- 
lirium noted  at  any  time. 

Autopsy  showed  absolutely  nothing  to  account  for  death,  a  rather  marked 
degree  of  cloudy  swelling  of  the  liver  being  the  only  gross  abnormality  noted. 
Microscopic  sections  of  brain,  kidneys,  pancreas,  and  liver  failed  to  add  any  in- 
formation as  to  the  cause  of  death. 

The  second  case,  seen  only  recently,  who  has  apparently  recovered,  is  that 
of  a  man,  white,  60  years  of  age,  a  railroad  conductor  by  occupation.  Entered 
the  hospital  complaining  of  persistent  vomiting.  Family  history  negative.  Past 
history  negative  except  that  like  the  preceding  case,  he  has  been  a  steady  drinker 
for  a  long  period  of  years,  averaging  according  to  his  statement,  from  four  to 
five  drinks  of  whiskey  per  day  for  forty  years.  The  present  illness  began  one 
week  before  admission  with  an  attack  of  faintness  and  dizziness  which  was  so 
severe  as  to  cause  him  to  fall  to  the  floor  (but  not  to  lose  consciousness).  Sub- 
sequent to  this  attack,  periodic  vomiting  made  its  appearance  and  has  persisted 
ever  since,  coming  on  at  irregular  intervals.  According  to  the  patient,  he  has  to 
lie  on  his  right  side  constantly  in  order  to  prevent  vomiting. 

Physical  examination  shows  a  fairly  well  nourished  individual.  Heart 
and  lungs  negative;  peripheral  arteries  sclerosed;  liver  apparently  not  enlarged. 
Xo  abdominal  tenderness  or  rigidity.  Systolic  pressure  150;  diastolic  105. 
Mentally,  the  patient  was  rather  irritable  and  querulous,  although  his  reasoning 
power  seemed  to  be  fairly  normal.  Pulse  rapid  on  admission,  averaging  110. 
No  fever  noted  at  any  time.  Gastric  contents  showed  an  absence  of  free  hydro- 
chloric acid  on  several  occasions  wath  an  average  total  acidity  of  eighteen.  No 
other  abnormalities.  Duodenal  contents  and  stools  negative.  Numerous  urine 
examinations  showed  a  specific  gravity  of  from  1010  to  1025,  no  casts,  albumin, 
or  acetone  bodies  at  any  time.  Twenty-four  hour  output  averaged  from  1,000 
to  1,200  c.c.  Phenolphthalein  excretion  55  per  cent  in  two  hours.  Blood  ex- 
amination showed  a  total  red  count  of  4,700,000  and  a  white  count  of  10,000. 
Differential  normal.  Wassermann  negative.  Examination  of  the  spinal  fluid 
revealed  no  abnormality. 

The  patient  remained  in  practically  the  same  condition  for  about  two 
weeks,  vomiting  at  frequent  intervals  throughout  this  time.  Vomiting  gradually 
became  less  severe  until  the  attacks  ceased  entirely.  Nausea  without  vomiting 
then  ensued  for  several  weeks  but  gradually  disappeared.  The  patient  is  still 
rather  weak  and  emaciated,  but  is  now  able  to  eat  freely  of  almost  any  food 
and  is  bright  and  cheerful  mentally. 

In  view  of  the  fact  that  a  case  had  been  observed  previously,  which  was 
very  similar  to  this  one  clinically,  and  that  no  lesions  had  been  found  at  autopsy 
which  could  account  for  the  symptoms,  although  the  disease  was  so  severe  as  to 
cause  death,  we  determined  to  investigate  the  metabolism  of  this  case  as  thor- 
oughly as  possible  with  the  methods  at  our  command.  Inasmuch  as  Williams^ 
has  shown  that  in  the  pernicious  vomiting  of  pregnancy  a  definite  increase  of 
the  ammonia  percentage  in  the  urine  is  noted,  as  compared  with  the  total  nitro- 
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gen  output,  we  were  particularly  interested  in  the  urea-ammonia  quotients  of 
the  blood  and  urine  in  this  case. 

The  following  tests  for  blood  and  urine  urea  were  carried  out  by  means  of  the 
Van  Slyke-  method.  Ammonia  was  tested  for  by  means  of  the  Folin  aeration 
method.  The  COo  content  of  the  aheolar  air  was  determined  by  means  of  the 
Fridericia  method. ■•  ^ 

The  following  results  were  obtained : 


Blood :        Urea 

36  mg.  per  100  c.c. 

(October 

26) 

•'. 

34    "        "     "      " 

(November 

3) 

" 

39     "        "     "      " 

(November 

22) 

" 

36    "        "     "      " 

(December 

3) 

" 

35     "        "     "      " 

(December 

14) 

Ammonia 

Z3  mg.  per  100  c.c. 

(October 

26) 

" 

17     "        "     "      " 

(November 

3) 

" 

12    "        •'     "      " 

(November 

22) 

" 

8    "        "     "      " 

(December 

3) 

" 

0    "        "    "      " 

(December 

14) 

Urine :         Urea 

13.6  gm.  output  in  24  hour.;. 

(October 

28) 

" 

13.2      "          "         ■'     •' 

" 

(November 

3) 

12.8      " 

" 

(December 

3) 

Ammonia 

0.8     gm.   in  24  houi 

s 

(October 

28) 

0.5      "          "     " 

( November 

3) 

'• 

0.38    "         "     •' 

(Decemlier 

3) 

Alveolar  Air : 

October  26,  45  mm. 

of  Hg. 

(CO,  Tension) 

Xovember  3,  43  mm. 
Xovember  26,  46  mn- 

of  Hg. 
.  of  Hg 

An  analysis  of  the  abo\e  examinations  reveals  a  very  marked  increase  in 
the  ammonia  percentag'e  of  the  blood.     While,   according  to  Folin  and  Denis^' 
as  well  as  all  others  who  have  worked  upon  this  subject,  only  slight  traces  should 
be  found  in  the  blood  normally — such  slight  traces,  in  fact,  as  to  be  scarcely 
perceptible  by  means  of  the  ordinary  quantitative  test;   in  this  case  almost  as 
much  of  ammonia  as  of  urea  was  present  in  the  blood.     The  urea  percentage  of 
I  the  blood  was  found,  however,  to  be  only  slightly  above  the  limits  of  normal.    The 
I  urine  showed  a  slightly  diminished  urea  output   with  a   slightly   increased   am- 
monia excretion.*     Examination  of  the  CO^  content  of  the  alveolar  air  revealed 
i  absolutely  no  suggestion  of  acidosis,  nor  did  the  examination  of  the  urine  for 
j  acetone  bodies  reveal  any  sign  of  their  increase  at  any  time.     Apparently,  there- 
'  fore,  acidosis  could  be  eliminated  as  a  cause,   per  sc,   of  the  blood  ammonia. 
I  Since  it  is  in  the  liver  that  much,  if  not  all,  of  the  ammonia  caused  by  protein 
!  metabolism  is  believed  to  be  changed  into  the  nontoxic  urea,"'  '•  "  the  question 
I  suggests  itself  to  us  as  to  the  possibility  of  a  functional  derangement  of  that 
'organ  being  a  factor  in  accounting  for  the  svmptoms  and  metabolic  abnnrnird- 
ities  found  in  this  case. 

Feeling  that  it  would  be  desirable  to  appl\-  tlu'  sanu'  methods  which  we 
had  used  in  studying  this  case,  to  other  indi\iduals,  both  normal  and  abnormal. 
we  have  carried  out  similar  studies  routinely  upon  twenty  ditYerent  indi\iduals. 
An  analysis  of  this  list   reveals  several   pathological   cimdiiions  associated   witji 

*While  these  findings  according  to  Aniliard'.s  law  indicitcd  a  sHkIu  dt-ricicncy  of  llic  kiiincy--.  (ln- 
deficicncy  was  certainly  not  sufficit-nt   for  the  symptoms  noted   in   this  case. 
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an  increase  of  blood  ammonia;  this  increase  being  found  particularly  in  in- 
dividuals suffering  from  failure  of  cardiac  compensation.  Acidosis  has,  how- 
ever, been  present  at  the  same  time  in  all  of  these  cases.  None  of  our  normal 
cases  (seven)  have  shown  any  demonstrable  quantities  of  ammonia  in  the  blood 
by  the  Folin  method. 

While  we  do  not  feel,  from  this  limited  study,  that  any  sweeping  conclusions 
can  be  drawn  as  to  the  origin  and  significance  of  an  increased  ammonia  content 
of  the  blood,  we  feel  that  at  least  three  facts  have  been  demonstrated : 

First :  Increased  amounts  of  ammonia  appear  in  the  blood  in  certain 
pathological  conditions  independent  of  any  condition  of  acidosis,  and  are  pre- 
sumably due  to  functional  disturbances  of  the  liver. 

Second :  In  the  estimation  of  blood  urea  as  a  diagnostic  procedure,  simul- 
taneous estimations  of  the  blood  ammonia  should  be  carried  out,  since,  other- 
wise, a  considerable  error  in  the  urea  readings  may  be  produced  in  certain 
pathological  conditions. 


TABLE  I 


Alger  Co. 


t^    ►J 

<  ^ 

"i 

^! 

< 

is 

TOTAL  OUTPUT  OF  UREA 
IN  URINE  IN  24  HOURS 

IN    GM. 

TOTAL    OUTPUT    OF  AM- 
MONIA IN  URINE 
IN  24  HOIRS  IN    GM. 

> 
< 

'J 

O    PS 

i  ^ 

o 

ACETONE 

BODIES 

IN    URINE 


REMARKS 


8 
9 

10 

11 
12 
13 

14 

15 

16 

17i 

18^ 

10 
20 


>\ormal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Nephritis 

Nephritis 

Uremia 

Nephritis 

Myocarditis  Nephritis 
Nephritis  with  Uremia 

Myocarditis.^ 

Myocarditis? 

Myocarditis."* 

Alcoholic  Cirrhosis  (  f 

liver 

Carcinoma    head    ( t' 
pancreas.    Marked 

jaundice 

Catarrhal  jaundice.. .  , 
Syphilis  of  liver 


U.U2 

0.027 

0.018 

0,02 

0.0^8 

0 .  022 

0.014 

0.068 

0.095 

0.12 

0.068 

0.13 

0.131 

0.031 

0.021 

0.014 


0.03C 
f 
■j  0.012 

0.015 
0.024 


None 

None 

None 

None 

None 

None 

None 

0.003 

None 

0.006 

None 
None 
None 

0.017 

0.0015 

0.006 


0.01 

None 

None 
None 


7.2 
4.8 

2.3 

3. 
4. 


8.5 
3.3 

12.2 


0.6 
0.3 

1.3 

0.5 
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0.5 
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46 
42 
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26 
40 

20 

22 
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27 
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46 


39 
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None 
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None 

Acetone  and 
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Acetone. . . . 

None 


Arteriosclerosis. 


None. 


Dyspnea. 

No  dyspnea. 

1  Cheyne-Stokes 

J    lespiration. 

Dyspnea    maiked. 

Dyspnea  marked. I 

Moderate  dyspnea 

(Pulsating 

\Liver 

Dyspnea. 

[Chronic  Passive 
Congestion  of 
Liver  I 

I 
No  dyspnea. 

No  dyspnea. 

No  dyspnea.  , 

!No  dyspnea. 
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Third :  A  case  is  reported  characterized  by  nausea,  vomiting  and  mental 
abnormalities  (irritability, -depression )  in  whose  blood  a  large  amount  of  am- 
monia was  constantly  found  in  spite  of  an  absence  of  acidosis.  This  phenomenon 
we  believe  to  have  been  due  to  a  functional  insufficiency  of  the  liver. 
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LABORATORY  METHODS 


THE  USE  OF  FEHLING'S  SOLUTION  IN  THE  DETERMINATION  OF 

BLOOD  SUGAR* 


By  Hugh  McGuigan,  Ph.D.,  M.D.,  Chicago. 


UP  to  tlie  present  time  no  agent  has  been  so  much  used  in  blood  sugar  deter- 
minations as  FehHng's  solution.  If  one  examines  the  Fehling  solutions 
made  up  by  the  various  formulas  recommended,  a  great  variation  in  the  alkalinity 
is  found.  For  example,  the  United  States  Pharmacopeia  VII  used  125  grams  of 
KOH  in  500  c.c. ;  United  States  Pharmacopeia  VIII  reduced  this  to  75  grams; 
and  the  present  United  States  Pharmacopeia  IX  reduces  this  to  50  grams.  This 
makes  the  alkalinity  of  the  mixed  fluid  vary  from  12.5%  to  5%KOH.  The  U.  S. 
Department  of  Agriculture  Bureau  of  Chemistry,  1910,  No.  107,  revised,  used 
125  grams  to  500  c.c. ;  Mathews'  Physiological  Chemistry  uses  the  same  strength; 
Fehling's  original  solution,  final  mixture  was  about  5.6%  which  he  afterwards 
reduced  to  about  4.75%  NaOH.  Claude  Bernard  first  used  about  11.5%  and 
later  about  6%  NaOH  of  the  mixed  fluids.  Many  other  examples  might  be  cited. 
On  the  whole,  however,  the  final  mixed  fluid  in  common  use  varies  from  5%  to 
12.5%  KOH,  and  these  limits  may  be  extended. 

If  one  examines  the  percentage  of  sugar  reported  in  the  literature  purport- 
ing to  be  the  normal  level  of  the  blood  sugar,  it  will  be  found  ranging  all  the  way 
from  about  .03%.  or  .05%  to  0.150%)  for  dogs. 

In  recent  work  in  which  was  used  both  Benedict's  method  and  the  Bertrand 
method  the  author  and  his  coworkers  were  struck  by  the  differences  in  the  yield. 
When  for  instance  the  Bertrand  method  gave  .02%  the  Benedict  method  gave 
0.1%.  The  explanation  for  this  difference  was  found,  and  it  is  believed,  also 
for  the  variations  in  the  normal  sugar  concentration  of  the  blood  reported  in  the 
literature. 

Our  recent  method  of  preparing  the  blood  for  the  Bertrand  titration  was  to 
remove  the  protein  with  picric  acid.  The  picric  does  not  interfere  with  Fehling's 
solution,  and  need  not  be  removed  until  the  precipitated  cuprous  oxid  is  filtered 
off,  when  the  picric  can  be  washed  out  readily.  In  precipitating  the  blood  we 
used  10  c.c.  of  blood,  laked,  and  made  this  to  150  c.c.  with  saturated  picric  solu- 
tion. This  w^as  then  filtered  and  an  aliquot  part  used.  We  used  100  c.c.  of  the 
filtrate  =  6.66  c.c.  of  blood. 

The  Fehling  solution  most  used  was  the  Allihn  modification  of  Fehling  solu- 
tion, except  that  NaOH  was  used  for  KOH,  and  the  solution  was  diluted  with 
an  equal  quantity  of  water,  as  used  by  Morris,  t 

*From    the    Department    of   Pharmacology,   Northwestern   t'niversity   Medical    School. 
tMorris:      Clinical    Laboratory   Methods,    d.    39. 
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The  following  is  the  exact  formula  : 

I.     Copper  sulphate  34.65  gm. 

Water  to  1000.      c.c. 

II.     Rochelle    salt  173.0    gm. 

Sodium  hvdrate  125.0     gm. 

Water  to'  1000.      c.c. 

A\'hen  these  are  mixed,  the  NaOH  concentration  is  6.25%  which  is  approxi- 
mately that  recommended  by  Hammersten,  Remsen,  and  others.  Sixty  c.c.  of 
this  mixed  fluid  and  100  c.c.  of  the  picric  filtrate  were  heated  to  boiling  and  then 
the  Fehling  poured  into  the  picric  solution,  and  the  mixture  kept  boiling  for  two 
minutes.  With  these  volumes  there  is  no  bumping,  and  the  changes  due  to  evapo- 
ration are  reduced  to  a  negligible  quantity.  This  solution  used  on  known,  dextrose 
solutions  in  zvater  will  give  good  results  so  it  is  considered  satisfactory  in  blood 
sugar  work. 

In  seeking  for  the  reason  of  the  great  difference  between  this  method  and 
the  Benedict  colorimetric  method,  we  naturally  suspected  a  sugar  of  the  maltose 
type  and  so  hydrolysed,  as  we  thought,  and  obtained  theoretical  results.  There 
w'ere  many  facts,  however,  especially  the  short  time  necessar}^  to  complete  the 
"hydrolysis"  which  made  us  doubt  this  explanation,  and  w-e  finally  found  that 
the  addition  of  the  acid  directly  to  the  Fehling  solution,  i.e.,  lessened  alkalinity, 
gave  the  same  result.  This  striking  fact  was  fully  confirmed  by  the  use  of  a 
Fehling  solution  in  which  the  alkali  strength  approximates  that  given  in  the 
present  United  States  Pharmacopeia  which  is  the  approximate  strength  used  by 
most  investigators  who  have  reported  the  higher  levels  of  the  normal  blood 
sugar. 

There  is  a  striking  diflr'erence  between  a  blood  filtrate  and  a  water  solution 
of  sugar.  In  a  water  solution  of  0.1%  dextrose  we  have  never  found  more  than 
10%  to  15%  variation  no  matter  what  the  alkali  concentration  of  the  Fehling 
solution  used.  In  blood  filtrates,  however,  the  strong  alkalies  in  Fehling  prevent 
the  precipitation  of  the  copper. 

Similarly  dextrose  added  by  glycolyscd  blood  or  to  yeast  fermented  sugar 
filtrates  cannot  be  recovered  completely  when  strongly  alkaline  Fehling's  solu- 
tions are  used,  but  can  be  recovered  completely  when  the  final  strength  is  alx^ut 
the  equivalent  of  5%  KOH,  as  recommended  in  the  present  Pharmacopeia.  In- 
creasing the  copper  has  much  the  same  influence  as  decreasing  the  alkalinitx'.  It 
is  apparent,  therefore,  that  the  relation  of  the  copper  to  the  alkali  is  inii)ortant. 
It  is  usually  only  the  alkali,  however,  that  is  changed. 

An  example  of  the  differences   due   to  the   variations   in   the  alkalinity   of 

I   Fehling's  solution  will  suffice:     A  dog  was  bled  from  the  jugular,  no  anesthesia. 

j   the  blood  was  oxalated  and  precipitated  as  above : 

I 

'  I.     1.  Lewis-Benedict    method    gave  0.106% 

2.  Fehhng   6.257^    XaOH    in    the    mixed  sohition    gave  0.0187r 

3.  Fehling  2.57o      NaOH    in    the   mixed  sohition   gave  0.0907r 

4.  Fehling   2.0%      NaOH    in    tlie    mixed  solution    gave  0.105% 

i  The  dilutions  here  were  made  liy  adding   Koclielle  salt   solution  to   vSohition    1 1    ahove. 

I  In  this  way  tiie  alkali  only  varied. 
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II.     Dog  bled  in  same  way: 

In  this  solution  the  copper  is  about  double  that  in  I. 

1.  KOH  in  Fehling's   10%   CuSO^  7%  0.09% 

2.  KOH    "  •'  5%        ■'        7%  0.157% 

III,     In  water  solutions,  the  copper  concentration   remaining  the   same: 

5%  KOH  =  0.115 
12.5%  KOH=i    .106 
or  a  variation  of  relatively  slight  importance. 

This  variation  in  the  alkalinity  of  Fehling's  solution  seems  to  be  the  main 
cause  of  the  great  differences  in  the  literature  regarding  the  level  of  the  normal 
blood  sugar.  The  error  is  due  to  the  assumption  made  by  all  writers ;  viz.,  that 
the  sugar  in  a  protein-free  blood  filtrate  will  act  toward  Fehling's  solution  as  a 
solution  of  dextrose  in  water.  Such  an  assumption  is  apparently  untenable. 
W'hy  a  weaker  alkaline  Fehling  should  give  a  greater  yield  than  a  strong  one  is 
hard  to  explain.  It  seems  to  be  because  such  a  solution  is  more  sensitive.  It  is 
not  because  the  stronger  alkali  destroys  the  sugar,  for  two  reasons :  first,  in  a 
water  solution  of  dextrose  the  difference  between  the  stronger  and  weaker  alka- 
line Fehling  is  relatively  slight ;  second,  if  blood  filtrate  and  stronger  Fehling  be 
boiled  for  two  minutes  and  then  the  alkalinity  be  reduced  by  the  addition  of  acetic 
acids,  the  yield  of  the  weaker  alkaline  Fehling  can  be  obtained.  These  results 
obtain  no  matter  what  agent  is  used  to  remove  the  proteins.  Alcohol,  sodium 
sulphate,  colloidal  iron,  and  picric  acid  all  give  a  higher  blood  sugar  yield  when 
a  5%  KOH  Fehling  is  used  than  when  12.5%  KOH  is  used.  The  weaker  solu- 
tion gives  results  which  agree  more  closely  with  Benedict's  colorimetric  method, 
and  is,  I  thiiik,  much  more  accurate  than  that  obtained  from  the  more  strongly 
alkaline  fluid. 


THE   PRESERVATION  OF    ERYTHROCYTES  OF  A  KNOWN    GROUP 
FOR   ISOAGGLUTININ  GROUP  DETERMINATION* 


By  M.  G.  Wohl,  Omaha,  Nebr. 


THE  most  efficient  method  for  testing  donors  and  recipients  for  blood  trans- 
fusion is  that  of  Moss  as  modified  by  Minot.     A  complete  and  accurate 
account  of  the  technic  employed  has  been  given  recently  by  Brem. 

I  have  found  this  procedure  very  simple  and  practicable.  However,  a 
great  difficulty  that  one  encounters  is  the  necessity  of  having  on  hand  serum 
and  red  blood  corpuscles  of  a  known  group,  two  or  three.  The  serum,  if  kept 
sterile,  will  retain  its  agglutinative  power  for  a  month  or  longer.  The  suspen- 
sion of  red  blood  corpuscles,  however,  will  not  keep  longer  than  forty-eight  hours. 
The  preservation  of  the  red  blood  corpuscles  then  is  a  desideratum  of  great  im- 
portance. With  this  aim  in  view  the  various  methods  devised  for  preservation 
of  sheep  cells  for  the  W'assermann  reaction  have  been  applied  to  citrated  suspen- 
sion of  human  red  blood  corpuscles  of  known  groups,  two  and  three.     The  ad- 

*From   the    Pathological    Department.    Nicholas    Semi    Hospital. 
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dition  of  formaldehyde  to  sodium  citrate  solution  has  given  us  xtxy  satisfactory 
results.  The  formalized  cells  preserved  as  long  as  four  weeks  showed  neither 
hemolysis  nor  lost  the  property  of  becoming  agglutinated  with  the  serum  of  the 
proper  grovip.  The  serum  of  the  known  group  was  preserved  in  sterile  Wright's 
blood  capsules. 

The  stock  solution  is  made  up  by  adding  0.5  c.c.  of  40  per  cent  formaldehyde 
solution  to  500  c.c.  of  0.85  per  cent  salt  solution  containing  2  per  cent  sodium 
citrate.  To  1  c.c.  of  this  solution  is  added  three  drops  of  blood  and  the  suspen- 
sion is  preserved  in  cotton  stoppered  test  tubes.  \Mien  needed,  the  corpuscles 
are  brought  into  suspension  by  gently  shaking  the  test  tube. 
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CONSTRUCTION  OF  APPARATUS  USING  THE  STRUCTURAL 

STEEL  TOY 


By  Si.mox  B.  KeEixer,  M.D.,  New  Havex,  Coxx. 


THE  piece  of  apparatus  illustrated  is  for  holding  slides  while  they  are  being 
stained  for  microscopic  examination.  It  is  of  practically  the  same  design 
as  those  found  in  many  pathological  and  clinical  laboratories,  but  it  has  been 
constructed  from  the  most  inexpensive  outfit  of  miniature  structural  steel,  the 
entire  cost  of  the  apparatus  being  only  ten  cents. 


-0/\s  Micro  BUHSE.R. 


The  mode  of  construction  of  the  apparatus  is  self-evident.  It  consists  es- 
sentially of  a  base  (A)  with  four  ui)rights  (  Ii )  which  support  two  parallel  bars 
(C).  Small  elbows  (I))  hold  two  of  the  uprights  rigid,  if  desired,  tlie  uprights 
may  be  bent  slightly  to  approximate  the  parallel  bars  to  within  a  space  of  about 
one  and  a  quarter  inches  of  each  other. 
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The  slides  to  be  stained  are  placed  upon  the  parallel  bars  and  can  then  be 
stained  and  heated.  The  apparatus  is  small  enough  to  be  placed  in  a  pan  to 
catch  the  stain  and  washings. 

The  author  does  not  claim  any  originality  for  this  apparatus,  but  wishes 
rather  to  suggest  the  use  of  the  structural  steel  toy  to  construct  laboratory  ap- 
paratus, surgical  splints,  and  orthopedic  appliances.  This  toy  can.  be  purchased 
in  any  city,  at  a  very  moderate  price,  and  working  models  of  apparatus,  or  ap- 
paratus itself,  of  neat  design,  can  be  easily  constructed  with  it. 

Moreover,  any  design  found  unpractical  can  be  taken  down  quickly,  and  an 
entirely  different  model  can  be  as  readily  built  again. 


CLARIFICATION  OF  COMPLEMENT  IN  RELATION  TO 
ITS  PRESERVATION* 


By  Norman  E.  Williamson,  M.D.,  Stockton,  Calif. 


THE  usual  directions  for  the  preparation  of  complement  include  the  pipet- 
ting of  the  clear  (?)  serum  after  its  separation.  Such  a  serum  will  of 
course  contain  millions  of  cells.  It  is  well  known  that  human  serum  may  contain 
amboceptors  for  the  guinea  pig  cells.  Guinea  pig  complement  would  not  be 
particularly  active  against  guinea  pig  cells.  Nevertheless,  in  order  to  prevent  the 
possibility  of  a  false  positive  from  such  an  action,  I  am  in  the  habit  of  centri- 
fugating  my  complement  to  perfect  clearness,  that  is  from  twenty  minutes  to 
half  an  hour. 

I  find  that  complement  so  clarified  will  preserve  its  properties  with  slight 
gradual  loss  for  days  in  the  ice  box  without  freezing.  It  will  lose  about  one- 
third  of  its  strength  in  five  days.  I  arbitrarily  discard  complement  which  is 
weaker  than  two-thirds  of  the  strength  of  average  complement,  that  is  0.02 
CO.  for  a  unit  in  the  Noguchi  system.  Thus,  if  the  material  proves  to  be 
stronger  than  average  on  titration,  it  is  still  useful  for  many  days.  Titration 
at  time  of  use  is,  of  course,  necessarv. 


•From  the  State  Hospital,  Stockton,  Calif. 
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EDITORIALS 


Resolutions    Passed    by    the    Faculty   of  the    University    of  Michigan 
Medical  School,  April  2,  1917 

THE  Faculty  of  the  University  of  Michigan  MecHcal  School  asseml)le(l  on  the 
above  mentioned  date  and  passed  the  following  resolutions : 

1.  It  is  the  opinion  of  the  Faculty  of  the  University  of  Michigan  Medical 
School  that  in  meeting  the  demands  for  medical  officers  in  the  National  service, 
the  military  authorities  should  give  first  preference  for  enlistment  to  the  mem- 
bers of  the  medical  classes  of  the  past  two  years,  viz. :  1915  and  19U). 

Note. — These  yoiin,<4-  men  have  recently  fiiiislied  their  im-dieal  courses  and  liaxiiiii 
taken  in  part  or  altogether  tlieir  liospita!  training,  should  have  tlie  latest  and  \k'<{  intdnna- 
tion  in  scientific  medicine,  and  not  having  as  yet  estahlished  themsel\es  in  practice,  are 
best  fitted  to  he  selected   for  mihtary  service. 

2.  In  view  of  the  probably  urgent  demands  for  tr;iincd  nictlical  men.  the 
Faculty  of  the  University  of  Michigan  Medical  Scbool  dcsiics  to  i)lacc  itself 
on  record  as  being  ready  and  willing  to  make  its  courses  of  iuslniclion  contin 

j   uous  through  the  summers  of  1917  and  191S.     This  proposition  will  he  submitted 
!   to  the  various  State  Boards  of  Licensure  for  their  approval. 
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Note. — If  this  provision  goes  into  effect,  a  week  after  tlie  close  of  the  present  session, 
the  session  of  1917-18  will  begin.  Those  who  are  now  Juniors  will  become  Seniors  and  may 
be  graduated  in  January,  1918. 

Xotc. — In  taking  this  step,  not  only  the  military  demands  upon  the  medical  profession, 
but  civil   demands   as   well   are   taken   into   consideration. 

3.  Taking  into  consideration  the  future  needs  of  the  country  for  trained 
medical  men,  it  is  the  opinion  of  the  Faculty  of  the  University  of  Michigan 
Medical  School  that  it  is  advisable  for  the  undergraduate  medical  students  to 
complete  their  course  of  instruction  and  not  to  enlist. 

4.  The  Faculty  of  the  University  of  Michigan  Medical  School  recommends 
that  not  less  than  two  hours  per  week  be  set  aside  for  the  military  drill  of 
undergraduate  students,  and  that  in  addition  to  the  ordinary  infantry  drill,  we 
recommend  training  along  the  lines  developed  by  the  Clinical  Society  of  Albany, 
and  known  as  the  "Albany  Plan." 

Xofc. — The  medical  officer  should  first  of  all  be  a  soldier.  This  is  necessary  in  order 
to  make  him  most  efficient  as  a  medical  officer. 

5.  That  copies  of  these  resolutions  be  furnished  for  suggestions  of  approval 
or  disapproval  to  the  following  bodies : 

(1 )  The  Surgeons  General  of  the  Army  and  Navy. 

(2)  The  National  Medical  Committee  on  Preparedness. 

(3)  The  National  Research  Council. 

(4)  The  Faculties  of  other  medical  schools. 

6.  That  a  list  of  the  graduates  of  the  classes  of  1915  and  1916,  with  their 
standing  while  in  the  school  and  their  present  addresses,  be  sent  immediately  to 
the  Surgeons  General  of  the  Army  and  Navy. 

In  compliance  with  the  above  resolutions  I  am  hereby  submitting  them  to 
you,  and  will  be  grateful  for  immediate  expressions  of  opinion  concerning  them. 
I  have  the  honor  to  be,  yours  most  respectfully, 

Victor  C.  Vaughan,  Dean, 
University  of  Michigan  Medical  School. 


The  Toxemias  of  Pregnancy 

THE  strain  to  which  the  metabolic  functions  of  the  maternal  organism  is  sub- 
jected in  pregnancy  is  frequently  so  great  that  toxic  substances  accumulate 
to  such  an  extent  as  to  produce  symptoms  not  infrequently  ending  in  death.  In 
the  earlier  months  these  manifest  themselves  on  the  digestive  functions,  produc- 
ing the  vomiting  of  pregnancy,  a  symptom  that  is  so  common  as  to  be  considered 
as  a  more  or  less  normal  sign  of  the  condition.  Sometimes,  however,  the  toxemia 
even  at  this  stage  is  so  severe  that  the  voiniting  becomes  intractable — the  so-called 
pernicious  vomiting.  Later  in  pregnancy  the  maternal  organism,  as  a  rule,  de- 
velops some  means  of  defense  against  the  toxemia,  and  the  digestive  symptoms 
disappear;  but  sometimes  this  defensive  mechanism  seems  suddenly  to  break 
down  so  that  the  toxemic  symptoms  again  assert  themselves,  affecting  now,  how- 
ever, not  so  much  the  digestive  apparatus  as  the  nerve  centers,  and  thus  producing 
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eclamptic  convulsions.  The  defensive  mechanism  against  the  development  of 
these  later  symptoms  seems  to  break  down  often  with  great  suddenness.  A  case 
that  is  apparently  running  a  perfectly  normal  course  may  unexpectedly  develop 
eclampsia,  although  usually  the  accumulation  of  the  toxic  substances  in  the 
mother  manifests  itself  by  the  gradual  rise  in  diastolic  pressure  and  often  by  the 
presence  of  albumin  in  the  urine.  Such  a  picture  of  the  functional  pathology 
of  the  toxemias  of  pregnancy  may  not  at  first  seem  to  fit  in  with  all  the  observed 
facts,  but  it  does  so  closely  enough  to  make  it  serve  as  a  useful  hypothesis  from 
which  to  attack  this  most  difficult  problem. 

The  first  question  that  presents  itself  concerns  the  nature  of  the  toxic  sub- 
stance. According  to  the  above  hypothesis,  this  toxin  acts  over  a  long  period  of 
time;  its  action,  in  other  words,  is  a  cumulative  one,  so  that  it  is  not  surprising 
to  find  that  only  negative  results  are  obtained  when  an  attempt  is  made  to  cause 
the  symptoms  to  develop  in  a  normal  animal  into  which  the  blood  of  an  eclamptic 
patient  is  injected.  If  positive  results  could  be  obtained  in  such  an  experi- 
ment, it  would  be  rational  to  attempt  the  isolation  of  the  toxic  substance  from  the 
maternal  blood,  but  since  this  is  not  the  case,  the  only  procedure  open  to  us  lies 
in  patiently  searching  for  possible  metabolic  abnormalities  in  the  maternal  organ- 
ism. Three  of  these  have  recently  received  a  considerable  degree  of  attention; 
namely,  a  faulty  metabolism  of  the  amino  acids ;  an  improper  relationship  be- 
tween ammonia  and  urea ;  and  an  increase  in  the  H-ion  concentration  of  the  blood 
—in  other  words,  a  condition  of  acidosis.  Losee  and  Van  Slyke  have  recently 
contributed  a  most  important  article  bearing  on  these  possibilities.  With  regard 
to  amino  acid  metabolism,  they  found,  in  twenty-three  cases,  that  the  amino 
nitrogen  of  the  urine  did  not  exceed  the  amount  present  in  normal  individuals 
(i.  e.,  3.6  per  cent  of  the  total  N)  except  in  three  of  the  cases,  but  even  in  these 
the  increase  was  not  beyond  that  found  in  normal  pregnancy,  where  there  is  a 
tendency  for  the  amino  nitrogen  to  be  a  little  above  the  physiological  level. 

Since  it  is  possible  that  a  failure  in  amino  acid  metabolism  might  exist  with- 
out going  so  far  as  to  appreciably  afifect  the  amino  acid  content  of  the  urine,  the 
blood  was  also  examined  for  an  accumulation  of  these  bodies,  and  again  with 
negative  result.  "Not  a  single  one  of  the  ten  eclamptic  women  whose  blood  was 
examined  for  amino  nitrogen  showed  a  figure  outside  the  range  of  4-8  mg.  per 

100  c.c.  noted in  a  series  of  normal  men."     Quite  clearly,  then, 

faulty  metabolism  of  amino  acids  is  not  responsible  for  the  toxemia  of  pregnancy, 
and  the  question  naturally  arises  as  to  whether  the  excretion  of  the  end  products 
of  protein  metabolism,  namely,  ammonia  and  urea,  might  not  be  abnormal.     The 
urea  of  the  blood  and  urine  and  the  ammonia  of  the  urine  were  therefore  de- 
termined, and  with  significant  results.     Thus,  the  urea  of  the  urine,  in  relation- 
ship to  the  total  nitrogen,  was  usually  below  the  average  normal ;  indeed,  except 
in  cases  in  which  the  examination  was  made  one  or  more  days  post  f>artuni,  it 
I     was  below  70  per  cent  of.  the  total  nitrogen,  values  as  low  as  about  50  per  cent 
i     being  obtained  in  a  considerable  number  of  the  cases.     The  relative  amount  of 
I     ammonia  was  also  higher  than  normal,  although  not  so  strikingly  so  as  that  of 
j     the  urea.     Very  high  ammonia  figures  were,  however,  obtained  in  six  cases  of 
j     pernicious  vomiting,  namely,  always  above  16.9  and  sometimes  as  high  as  30.  the 
1    figures  for  normal  men  being  usually  given  as  varying  between  3  and  11  per  cent, 
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according  to  diet.  The  relatively  high  ammonia  excretion  may  in  part  be  due 
to  the  influence  of  starvation  which  in  itself  is  well  known  to  raise  the  am- 
monia ratio;  but  even  admitting  this,  there  can  be  no  doubt  that  considerable 
diagnostic  value  attaches  to  an  observation  of  the  ammonia.  It  is  pointed  out 
that  the  relatively  low  urea  and  high  ammonia  is  suggestive  of  the  condition  found 
by  Nencki  and  Pavlov  in  the  urine  of  dogs  in  w^hich  the  liver  had  been  partly 
removed  from  the  circulation  by  the  establishment  of  the  Eck  fistula.  It  is  of 
further  significance  that  such  animals  often  suddenly  develop  symptoms  which 
have  some  similaritv  to  those  of  eclampsia,  especially  when  the  animals  are  fed 
exclusively  on  meat. 

To  investigate  the  possibility  that  acidosis  might  be  responsible  for  the  symp- 
toms, Losee  and  Van  Slyke  examined  the  carbon  dioxide  combining  power  of  the 
plasma  by  the  method  already  described  by  them.^  Sufficient  results  have  now 
been  collected  to  permit  us  to  state  that  the  blood  of  normal  persons  does  not 
take  up  less  than  55  c.c.  nor  more  than  75  c.c.  CO.,  per  100  c.c.  of  plasma;  still 
narrower  normal  limits,  but  at  a  somewhat  higher  level,  being  possible  when  the 
method  described  by  Austin  and  Jonas'-  is  employed.  The  general  average  may 
be  taken  as  65  c.c.  COo  per  100  c.c.  plasma.  Using  the  CO^  tension  of  alveolar 
air  as  an  indicator  Hasselbalch  and  Gammeltoft  have  shown  that  a  slight  degree 
of  acidosis  exists  in  normal  pregnancy.  Values  below  the  normal  minimum  (55) 
w^ere  obsened  by  Losee  and  Van  Slyke  on  at  least  one  day  in  ten  of  fourteen 
cases  of  pregnancy  examined.  In  cases  of  toxemia,  whether  of  the  eclamptic 
or  vomiting  type,  no  greater  a  degree  of  acidosis  than  that  present  in  normal  preg- 
nancy was  observed  to  occur.  The  CO.,  combining  power  of  the  plasma  never 
approached  anywhere  near  the  low  values  of  30  c.c.  COo  per  100  c.c.  of  plasma 
found  to  be  present  in  cases  of  typical  acidosis  as  met  with  in  diabetes  and 
nephritis. 

The  great  importance  of  this  investigation  lies  in  the  perfectly  definite  and 
final  evidence  which  it  supplies  that  neither  faulty  metabolism  of  the  amino  acids 
nor  a  condition  of  acidosis  is  accountable  for  the  symptoms  of  the  toxemia  of 
pregnancy.  The  results  indicate,  however,  that  something  is  radically  wrong 
with  that  stage  in  the  metabolism  of  nitrogen  which  is  responsible  for  the  final 
balance  between  the  urea  and  ammonia  excretions.  One  other  very  important 
outcome  of  the  investigation  goes  to  show  that  there  is  not  necessarily  any  rela- 
tionship between  the  ammonia  excretion  and  the  degree  of  acidosis.  Thus,  in  the 
cases  of  pernicious  vomiting  where  the  NHg  excretion  was  abnormally  high,  the 
plasma  did  not  absorb  any  less  CO,  than  that  found  in  cases  of  normal  pregnancy. 

'Losee.  J.  R.,  and  \'an  Slyke,  D.  D. :  The  Toxemias  of  Pregnancy.  Am.  Tour.  Med.  Sc,  1917. 
cliii,   94. 

^The  modification  referred  to  consists  in  drawing  the  blood  directly  from  the  patient's  vein  through 
tubing,  which  passes  to  the  bottom  of  a  centrifuge  tube  containing  some  oxalate  crystals  and  paraffin  oil. 
The  latter  floats  on  the  surface  of  the  blood  and  thus  prevents  loss  of  CO2  during  the  centrifuging. 
The  experimental  error  can  be  still  further  cut  down  by  saturating  the  oxalated  blood  with  CO2  at  6  per 
cent  of  an  atmosphere.  The  rationale  for  these  precautions  is  that  the  COo  combining  power  of  plasma 
is  influenced  by  the  CC^  tension  of  the  blood  existing  at  the  time  when  the  corpuscles  and  plasma  are 
separated.     Austin,  J.   IL,  and  Jonas,  L. :     Clinical  Studies  in  Acidosis,   Am.  Jour.   Med.    Sc,   1917,   cliii.  81. 

— /.  /.  R.  M. 
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Hodgkin's  Disease 

FOR  about  eight  years  Bunting  and  Yates  have  been  engaged  in  an  intensive 
study  of  Hodgkin's  disease,  which  they  believe  is  an  infectious  disease 
caused  by  an  organism,  R.  hodgkini,^-  -•  ^  a  pleomorphic  diphtheroid,  which 
stains  by  Gram's  method.  Beside  being  an  infectious  disease,  the  complex 
has  also  the  destructive  potentialities  of  the  malignant  neoplasm,  and  these 
two  facts  have  been  fundamental  in  the  method  of  treatment  which  these  two 
workers  have  perfected. 

For  the  purpose  of  comparing  the  effects  of  treatment  in  dififerent  cases 
Bunting  and  Yates*  have  grouped  them,  using  a  classification  which  is  an 
amplification  of  Trousseau's  earlier  one.  Trousseau  classified  Hodgkin's  dis- 
ease into  latent,  progressive,  and  cachetic  cases.  Bunting  and  Yates'  modifica- 
tion is  as  follows   (the  schema  indicates  the  number  of  cases  they  report)  : 


All  cases 
(63) 


cute  cases  (5) 

Group  1 

5  cases 

Stage  1 

j  Early 
1  Late 

Group  2 

5      " 

(8) 

Group  3 

3      " 

ironic  cases 
(58) 

Stage  2 
(25) 

1  Early 
iLate 

Group  4 
Group  5 

11      " 
14      '• 

Stage  3 
(25) 

1  Early 
iLate 

Group  6 
Group  7 

14      " 
11      " 

In  the  acute  cases  the  blood  picture,^  the  most  reliable  single  diagnostic 
evidence,  is  often  obscured  by  the  leucocytosis.  "It  is  fortunate,"  say  the 
authors,  "that  the  incidence  of  this  form  of  the  disease  is  comparatively  slight, 
for  it  is  about  as  amenable  to  treatment  as  is  the  mastitis  carcinomatosa  of 
lactation  or  melanoma." 

Group  2,  composed  of  incipient  cases,  has  a  blood  picture  that  is  char- 
acteristic, and  this  picture  appears  early.  In  these  cases  the  portal  of  entiy 
has  been  recently  established  and  only  a  few  adjacent  glands  are  beginning 
to  be  palpable.  The  only  difficulty  is  that  the  diagnosis  at  this  stage  is  fortuitous 
and  depends  largely  upon  careful  physical  examination,  routine  blood  count- 
ing, and  accurate  interpretation  of  tuberculin  tests. 

Group  3,  in  which  the  early  cases  are  placed,  has  the  characteristic  blood 
I  picture.  In  these  there  is  unmistakable  in\()l\ement  of  a  primary  group  of 
j  glands  but  without  demonstrable  extension.  In  this  group  and  every  other 
j  more  advanced  one  the  occurrence  of  a  specific  bacleriemia  of  some  extent 
is  virtually  certain  at  one  or  more  of  the  positive  phases. 

Group  4.  In  this  group  are  the  moderately  adz'anced  cases  in  which  the 
blood  picture  is  positive  but  not  of  an  early  ty])c.  In  thcni  more  than  one  of 
the  main  superficial  gland  groups  are  involved  but  extension  to  the  mediastinal 
or  peritoneal  glands  can  not  be  more  than  suspected. 

Group    5.    In    tliese,    the    adj-anced    cases,    the    blddd    picture    may    be    like 


'Bunting  and   Vatts:      Jour.    Am.    Mc.l.    .'Xssii.,    ]')].'..    Ixi,    1S(H;    llii( 
'Bunting,   Vatis.   an(i    Kristjansdii :      Iliid.,    1914,    Ixiii,    2225'. 
'I'.unting  and   ^'atl•s:      Arch.    Int.    Med.,    Aug.,    191.V 
'HuntinR  and    Vates:     Jour.    Am.    Med.    Assn.,    1917,    Ixviii,    7-47. 
''Hunting:      Hull.   Johns    Hopkins   llosp.,    1911,    xxii,    24K. 


l')H.   Kii,    S\i,. 
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that  of  Group  4,  or  it  may  show  a  reduction  in  nearly  all  the  cell  forms.     In 
them  there  is  always  demonstrable  involvement  of  deep  structures. 

Group  6  is  composed  of  cases  ivhich  are  probably  hopeless,  but  capable  of 
palliation.     The  blood  picture  is  of  the  late  type. 

Group  7  is  made  up  of  cases  with  lethal  involvement  and  probably  beyond 
palliation. 

The  treatment  used  by  Bunting  and  Yates  is  based  upon  the  belief  that  the 
disease  is  a  chronic  infection  of  lymphoid  tissue,  and  that  there  is  evidence  that 
the  affected  persons  are  incapable  of  a  permanent  protective  reaction  without 
assistance.  They  therefore  attempt  to  assist  the  patient  by  thorough  excision 
of  as  much  infected  tissue  as  possible;  to  remove  or  heal  possible  portals  of  en- 
try (tonsils,  teeth,  dermatitides,  bronchitides,  etc.)  ;  to  add  to  the  patient's 
resistance  by  the  use  of  immune  sera ;  and  to  reduce  or  remove  as  much  po- 
tential or  existing  lymiphoid  tissue  as  may  be  possible  by  the  use  of  the  x-ray. 

The  results  attained  are  of  exceeding  interest  when  taken  in  conjunction 
with  the  previous  mortality  expectancy  figure  of  100  per  cent. 

Group   1.      Estimated   possibility  of   recovery,   less   than       5% 

2.  "  "  "  "  from  80  to  90% 

3.  "  "  "  "  from  60    "  70% 

4.  "  "  "  "  from  30    "  40% 

5.  "  "  "  "  from     5    "  10% 

6.  "  mortality  100% 

7.  "  '•  100% 

These  figures  mean  that  in  its  early  stages  Hodgkin's  disease  is  a  very 
curable  disease,  in  which  respect  it  is  quite  like  carcinoma.  In  each  case  early 
recognition  demands  patient  care. 

—P.  G.  W. 
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ORIGINAL  ARTICLES 


CASES  OF  UNUSUAL  ANEURISMS* 

By  Paul  G.  Woolley,  M.D.,  Cincinnati,  Ohio. 


ANEURISMS  are  most  frequently  encountered  in  connection  with  aortic 
lesions,  especially  syphilitic  ones,  and  are  less  frequent  occurrences  in  the 
other  vessels  of  the  body,  with  the  possible  exception  of  the  smaller  arteries  of 
the  brain.  Also,  with  the  exception  of  traumatically  produced  ones,  and  an 
occasional  one  resulting  from  pure  atheroma,  they  are  the  consequences  of  in- 
fection of  the  arterial  walls.  Even  in  the  cases  of  pure  atheroma  there  is  a 
question  whether  or  not  that  process  is  not  fundamentally  infectious.  Aneurisms 
appear  at  sites  of  high  arterial  pressure  and  in  situations  where  the  arterial  walls 
are  weakened  to  a  degree  which  permits  of  "giving  way."  In  the  aorta  and  in 
the  cerebral  circulation  increases  of  blood  pressure  are  less  easily  accommodated, 
other  things  being  equal,  than  in  the  peripheral  vessels  where  a  larger  area  is 
available  for  taking  care  of  increased  pressures.  Also  in  the  peripheral  vessels 
the  arteriosclerotic  processes  are  more  apt  to  be  diffuse,  less  apt  to  be  focal, 
and  therefore  the  common  tendency  to  form  a  saccular  aneurism  is  absent.  There 
are,  however,  certain  instances  in  which  arteries  of  moderate  dimensions  are 
focally  damaged  to  such  a  degree  that  a  saccular  aneurism  (le\cl()i>s.  In  some 
such  cases  the  cause  lies  in  some  lesion  outside  the  vessel,  but  gra(luall\-  en- 
croaches upon  it  until  it  is  weakened  and  bulges.  Such  a  process  is  common  in 
'  tuberculosis.  In  such  cases  the  vessel  wall  becomes  involved  in  a  tuberculous 
process  which  leads  to  focal  dilatation,  and  sometimes  rupture  and  hemorrhage. 
There  are  other  cases  in  which  the  aneurism  appears  to  be  duo  entirel\-  to  a 
l)r()cess  which  commences  in  the  arterial  wall  itself,  a  proci'ss  which  is  essen- 
tially the  same  as  that  appearing  in  the  acjrta  in  cases  of  aneurism.  Next  to  the 
aorta,  the  popliteals,  femorals,  carotids,  sul)cla\ians  and  innoniiuatt'  are  the  com 

•From    the    Mary    M.    Emery    Department    of    I'atlu>logy    of    the    ITiiivcrsity    of    Ciiu-iiinali,    and    the 
'''atholowic    Institute  of  the   Ciiu-inn.ili    (".(  iicr.-il    Ho-'pital. 
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men  seats  of  spontaneous  aneurisms.    Other  vessels  are  less  frequently  affected.' 

The  following  statistics  indicate  the  location  of  aneurisms  in  530  cases  tabulated 

by  Crisp.- 

Thoracic  aorta    175 

Popliteal   artery    137 

Femoral    artery    66 

Abdominal  aorta    59 

Carotid   artery    25 

Subclavian   artery    23 

Axillary    artery ' 18 

External  iliac   artery 9 

Cerebral   artery    7 

Common   iliac   artery 2 

Posterior  tibial  artery 2 

Gluteal  artery   2 

Pulmonary  artery    2 

Brachial    artery    1 

Subscapular  artery    1 

Ophthalmic    artery    1 

The  following  series  of  cases  illustrates  these  more  unusual  types  of 
aneurism. 

CASE  I. 

Not  infrequently  the  innominate  artery  is  involved  in  dilatations  affecting  the 
contiguous  parts  of  the  aortic  arch.  Less  commonly  the  innominate  artery  alone 
is  the  source  of  the  condition.  The  following  case  illustrates  the  latter  cir- 
cumstance : 

J.  K.,  Hospital  No.  A- 1400,  a  colored  man  51  years  old,  was  admitted  to  the  Cincinnati 
General  Hospital  on  Feb.  25,  1916.  He  died  two  days  later.  He  complained  of  shortness 
of  breath.     The  family  history  was  negative. 

P.\ST  History. — He  had  had  measles,  smallpox  and  chills  and  fever.  He  denied  gonor- 
rhea, but  admitted  lues.     Except  for  these  illnesses  he  had  been  a  healthy  man. 

Prp:sent  Illness. — On  March  18.  1915,  the  patient  was  at  work  when  he  felt  a  pain 
in  his  shoulder,  upon  which  he  could  feel  a  little  "knot."  He  says  that  on  that  day  he 
had  carried  a  pine  board  over  his  shoulder  and  this  he  thought  accounted  for  the  pain. 
.•\t  this  time  he  could  not  open  or  close  his  right  hand.  He  went  to  a  physician  who  told 
him  he  had  an  aneurism.  Later  he  went  first  to  one  hospital  and  then  to  another  and 
then,  finally,  he  came  to  the  Cincinnati  General  Hospital.  Since  then  he  has  been  ad- 
mitted twice.  He  says  that  he  has  a  cold  sweat  on  the  left  side  and  that  the  left  side 
of  his  throat  feels  cold  and  that  he  has  a  sensation  as  though  phlegm  is  in  his  throat. 
He  is  dyspneic  and  does  not  speak  easily. 

Physical  Condition. — The  patient  is  a  well  developed,  somewhat  emaciated  colored 
man  about  fifty  years  old,  sitting  in  bed  bent  forward  with  his  arms  on  his  knees.  He 
has  marked  inspiratory  and  expiratory  dyspnea,  with  a  harsh  brassy  sound.  He  coughs 
frequently,  and  the  cough  has  a  very  metallic  ring.  The  voice  is  likewise  harsh  and 
metallic.  The  left  pupil  is  larger  than  the  right.  Both  pupils  are  regular  in  outline.  The 
left  reacts  to  light  and  accommodation,  the  right  slightlj^  if  at  all.  to  light.  The  con- 
junctivae are  pale.  The  teeth  are  in  fair  condition.  There  is  some  pyorrhea.  The  tongue 
is  furrowed  in  the  center  and  is  covered  with  a  thick  yellowish  coat.  The  throat  is  mod- 
erately injected.  The,  tonsils  are  not  enlarged.  (During  this  part  of  examination  the 
patient  asked  for  water  which  he  had  a  great  deal  of  difficulty  in  swallowing.  None  was 
regurgitated  through   the   nose.) 

The  veins  over  the  right  arm  and  chest  anteriorly  and  the  veins  in  the  right  side  of 
the  neck  are  dilated.  The  base  of  the  neck  on  the  right  side  at  the  right  supraclavicular 
space  is  prominent,  more  so  at  the  sternal  end.  On  palpation  there  is  a  hard  mass  oc- 
cupying this  space  over  which  the  skin  is  freely  movable.  This  mass  extends  over  the 
junction   of  the   outer  and   middle   third   of   the   clavicle   to   the   left   border  of   the   supra- 
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sternal  space.  It  is  apparently  continuous  with  the  right  carotid  and  right  supraclavicular 
arteries.  It  pulsates  visibly  and  palpably,  raising,  the  clavicle  with  each  pulsation.  Xo 
thrill  can  be  felt.  The  chest  is  somewhat  thin;  the  supra-  and  infra-clavicular  spaces 
and  also  the  intercostal  spaces  are  marked  on  both  sides.  There  is  retraction  of  the  left 
apex  and  all  of  the  intercostal  spaces, and  epigastrium.  During  inspiration  the- respira- 
tory excursion  is  apparently  equal  on  the  two  sides.  On  percussion  over  the  right  supra- 
clavicular space  there  is  marked  ■  absolute  dullness  over  the  mass  described  above.  This 
dullness  extends  to  the  2nd  rib.  Below  this  the  percussion  note  on  the  right  seems  slightly 
higher  pitched  and  shorter  in  duration  than  that  on  the  left  which  is  hyperresonant.  The 
lower  lung  border  on  the  right  is  at  the  6th  rib  in  the  midclavicular  line.  Posteriorly  a 
faint  pulsation  can  be  felt  at  the  upper  part  of  the  supraspinous  fossa  on  the  right.  Above 
the  level  of  the  spine  of  the  scapula  on  the  right  percussion  is  less  resonant  than  on  the 
left.  Below^  this  the  percussion  tones  are  about  equal  on  the  two  sides,  and  somewhat 
hyperresonant.  The  lung  borders  below  are  at  the  level  of  the  12th  dorsal  spine.  Below 
this  on  each  side  there  is  about  an  inch  of  impaired  resonance  and  then  tympany  extend- 
ing down  to  the  sacrum.  On  auscultation  the  breath  sounds  on  both  sides  of  the  chest 
anteriorly  and  posteriorh*  are  very  distant.  Inspiratory  and  expiratory  sounds  in  the 
trachea  are  transmitted  over  the  whole  chest,  interfering  with  the  satisfactory  auscultation. 

The  apex  beat  is  seen  in  the  6th  interspace  10.5  cm.  to  the  left.  Relative  cardiac  dull- 
ness, 12.5  cm.  to  the  left  in  the  6th;  11.5  cm.  to  the  left  in  the  5th;  7.5  cm.  in  the  4th; 
3.5  cm.  in  the  3rd.  Retrosternal  dullness  7.75  cm.  broad.  Retrosternal  dullness  on  the 
right  is  slightly  greater  than  the  dull  area  described  above  as  extending  down  over  the 
clavicle  to  the  2nd  rib.  With  the  patient  in  a  sitting  position  the  abdomen  is  lower  than 
chest.  Liver  dullness  extends  about  3  fingerbreadths  below  the  costal  margin.  The 
spleen  is  not  felt.  There  is  retraction  of  the  abdomen  on  inspiration  and  bulging  on 
expiration,  especially  in  the  epigastrium.  No  rigidity.  '  No  hernia.  No  masses  and  no 
tenderness  palpable.  Extreme  knee  kicks  present.  There  are  scars  on  both  shins.  There 
has  been  apparent  recent  loss  of  flesh. 

The  hands  are  cold.  The  pulse  is  scarcely  palpable  in  the  right  l:)rachial  artery, 
and  is  absent  al  the  radial,  though  well  marked  at  the  left  wrist.  The  right  arm  is 
larger  than  the  left  and  is  apparently  the  seat  of  a  very  soft  edema  which  pits  only  very 
slightly. 

On  auscultation  over  the  apex  the  heart  sounds  are  rather  weak  tliough  clear.  Xo 
murmurs  are  heard.  At  the  base  the  sounds  are  still  weaker.  The  pulmonic  second  is 
soft.  The  aortic  second  is  almost  inaudible.  There  are  no  murmurs  over  the  aortic 
area.  Over  the  mass  in  the  neck  the  heart  sounds  were  heard  superimposed  upon  a  sort 
of  continuous  roaring  noise  not  definitely  related  to  any  part  of  the  cardiac  cycle.  The 
blood   pressure   was   the   same   in   each   arm,   namely,    190    systolic,    110   diastolic. 

Urine,  Feb.  26,  1916.  Amber,  acid,  sp.  gr.  1,024;  albumin  present,  no  casts,  few  leu- 
cocytes, much  cellular  debris. 

X-ray  report  February  26th.  X-ray  plate  of  chest  shows  a  large  opaque  mass  spring- 
ing from  the  upper  part  of  the  mediastinal  shadow  and  extending  up  into  the  right  apex. 
The  shadow  is  about  the  size  of  a  large  grape  fruit,  has  rounded  borders  and  is  of  uniform 
density.  The  heart  outline  is  negative  except  tor  some  accentuation  of  tlie  upper  iott 
aortic  curve.     Lung  areas  and  diaphragm  contours  arc  negative. 

The  temperature  on  admission  was  99.6°.  ranging  between  100.4'  and  97.6\  Pulse 
between  122  and  68.     Respirations  30  to  38. 

The  patient  had  continuous  difficulty  in  lireatliing  and  gradually  grew  weaker.  He 
died  quietly,  apparently  of  exhaustion,  at  5:45  ,\.m.,   Fel).  27,   1916. 

Clinicm,  Diagnosis. — Syphilis;  aneurism  of  tlie  transverse  arcli  of  tin-  aorta  ni- 
I  eluding  the  innominate  artery;  hypertrophy  and  dilatation  of  the  heart;  syi)hilitic  aDrtitis; 
chronic  diffuse  nei)liritis;  arteriosclerosis;  congestion  of  tlie  viscera;  aortic  and  mitral 
regurgitation;    chronic    bronchitis;    kyphosis;    emphysema. 

AlTTorSY   I'KOTOCOL    (C). 

The  body  was  that  of  a  well  (levelojied,  well  nourished  colored  man  of  about  45 
years  of  age,  with  a  general  glandular  enlargement.  The  right  suprasternal  region  was 
fuller  than  the  left.  The  veins  of  the  right  arm  were  distended  and  engorged.  The  right 
pupil  was  larger  than  the  left.  The  teeth  were  for  the  most  part  in  fair  conilition.  TIu- 
gums  were  rclracted   and   pvorrlieio. 
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On  opening  the  thorax^  the  lungs  collapsed.  The  right  lung  was  free.  The  left 
was  bound  down  by  firm  fibrous  adhesions  to  the  lateral  surface  of  the  lower  lobe.  There 
was  a  mass  in  the  superior  mediastinum  measuring  8  cm.  in  diameter,  the  upper  limit  of 
which  was  3  cm.  above  the  clavicle  on  the  right  side.  The  right  clavicle  was  eroded  at  the 
sternoclavicular  joint.  The  right  lung  was  voluminous,  crepitated  throughout,  and  felt 
and  looked  normal.  The  left  lung  crepitated  throughout  the  upper  end,  to  a  less  extent, 
the  lower  lobe.  The  lower  lobe,  on  section,  was  dark  red  in  color,  thickened,  and  from 
it  a  frothy,  sanguinous  material  could  be  expressed. 

The  heart  was  enlarged  and  dilated,  especially  on  the  right  side.  The  right  auricle 
was  filled  with  a  chicken-fat  clot.  The  tricuspid  orifice  admitted  three  fingers  with  ease. 
The  tricuspid  and  pulmonary  valves  appeared  health}-.  The  mitral  orifice  admitted  two 
fingers.  The  leaflets  of  the  mitral  valve,  as  well  as  those  of  the  aortic,  showed  no  ab- 
normal change.  The  papillary  muscles  cut  with  slightly  increased  resistance  and  were 
streaked  with  fibrous  tissue,  especially  at  the  apices.  The  mural  myocardium  presented 
a  slight  increase  in  fibrous  tissue.  The  entire  myocardium  was  pale.  The  aorta  showed 
scattered  patches  of  fatty  degeneration,  but  no  sclerosis,  or  thickening.  The  mouths  of 
the  coronaries  were  patent.  There  was  a  sacculated  aneurism  of  the  innominate  artery 
measuring  5  cm.  in  its  greatest  diameter,  filled  with  laminated  blood  clot  partially  organ- 
ized. This  aneurism  arose  from  the  innominate  artery  about  3  cm.  above  its  origin,  and 
had  an  orifice  1  cm.  in  diameter. 

The  liver  was  of  about  normal  size,  was  mottled  yellow  and  purple,  purple  predominat- 
ing. The  capsule  was  not  thickened,  although  there  were  a  few  stellate  scars  upon  it 
which  did  not  extend  into  the  organ.  On  section,  the  interlobular  veins  were  injected. 
There  was  a  slight  increase  of  fibrous  tissue  and  fat.  The  spleen  was  very  much  larger 
than  normal,  was  grayish-red  in  color.  On  section,  the  pulp  was  of  a  very  dark  color, 
the  Malpighian  bodies  were  visible  though  not  increased.  The  right  kidney  was  slightly 
smaller  than  normal,  was  pale  red  in  color,  the  capsule  stripped  with  ease  leaving  a  gran- 
ular surface.  On  section,  the  glomeruli  were  visible,  the  relation  between  cortex  and 
medulla  was  normal,  the  line  of  demarcation  was  not  distinct.  The  left  kidney  resembled 
the   right   in   all  respects. 

The  stomach,  intestinal  tract,  pancreas,  and  bladder,  except  for  a  slight  congestion, 
showed  no  abnormalities.  The  prostate  presented  a  slightly  enlarged  median  lobe  which 
bulged  into  the  bladder. 

Anatomic  Diagnosis. — Innominate  aneurism ;  cardiac  hypertrophy  and  dilatation ; 
chronic  diffuse  nephritis  (interstitial);  general  lymphadenoid  hyperplasia;  chronic  passive 
congestion   of   the    liver,    spleen   and    intestinal    tract;    prostatic    hypertrophy. 

REMARKS. 

This  is  an  interesting  case  from  the  standpoint  of  the  arterial  system  gen- 
erally. There  was  a  history  of  syphilis,  and  there  was  an  aneurism ;  there  was 
accordingly  a  good  chance  that  in  the  aorta  at  least  there  would  be  evidence  of  the 
infection.  That  there  was  no  such  evidence  is  unusual.  This  makes  one  wonder 
whether  the  aneurism  was  not  therefore  really  a  traumatic  one,  in  spite  of  the 
fact  that  it  would  be  difficult  to  strike  the  innominate  3  cm.  from  its  origin. 
Still,  stranger  things  have  happened !  The  only  evidence  of  lues  in  the  body  was 
furnished  by  the  stellate  liver  scars — and  they  were  not  brilliant.  Finally  it 
occurs  to  one, — Morris  suggested  it, — that  under  the  circumstances  this  case 
would  have  justified  surgical  treatment.  Also  it  is  interesting  that  aneurism 
localized  in  the  innominate  artery  is  not  mentioned  in  Cri.^p's  statistics. 

CASE    II. 

This  case  is  one  in  which  the  aneurism  was  localized  in  the  superior  mesen- 
teric arter}^ 

C.  R.,  Hospital  No.  A-6412.  a  negro  2.S  years  old,  was  admitted  to  the  Cincinnati 
General  Hospital   on   Sept.  25,   1916,  complaining  of  pain  in   the  belly,  loss  of  weight,  and 
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a  mass  in  the  abdomen.  He  died  on  October  9th.  The  patient  had  been  in  the  hospital 
before.      The    following  is   the   abstract   of   the   previous   history: 

He  was  admitted  on  August  8,  1916,  complaining  of  pain  in  the  left  side  of  the 
abdomen.  This  pain  appeared  suddenly  while  he  was  lifting  and  was  just  to  the  left 
of  the  midline  and  extended  to  the  root  of  the  penis.  It  was  a  sharp,  continuous  pain 
which  did  not  radiate  and  which  was  relieved  to  some  extent  after  bowel  movements 
or  urination.  He  had  vomited  once  on  the  day  before  admission.  He  urinates  fre- 
quently but  has  difficulty  in  starting  the  stream.  Physical  examination  showed  some 
emaciation,  notched  teeth ;  large  epitrochlear  axillary  glands.  There  was  slight  dullness 
and  bronchovesicular  breathing  over  the  upper  lobe  of  the  right  lung.  The  heart  exam- 
ination was  negative.  In  the  upper  abdomen,  in  the  midline,  or  just  a  little  to  the  left, 
was  a  mass  which  extended  from  xiphoid  to  umbilicus,  and  which  was  movable,  not 
affected  by  respiration  and  tender.  Over  it  there  was  tympany.  The  urine  contained 
blood.  The  stools  were  normal.  Cystoscopic  examination  showed  both  ureters  excreting 
clear  urine.  The  right  was  entered  with  trauma;  in  the  left  the  catheter  could  not  be 
passed.  The  bladder  was  normal.  X-ray  plates  of  the  stomach  were  negative.  Opera- 
tion  was   suggested  to  the  patient  and  refused  by  him. 

The  symptoms  on  readmission  were  the  same.  Physical  examination  showed  that, 
as  the  patient  had  noticed,  the  abdominal  mass  was  larger  than  before.  This  time  the 
urine  was  clear  and  contained  no  blood  or  albumin.  On  September  30,  an  exploratory 
operation  was  done  concerning  which  the  following  note  was  made : 

"At  the  root  of  the  omentum,  surrounded  by  adhesions,  a  mass  was  found  about 
the  size  of  a  small  muskmelon,  globular  in  shape  but  extending  up  under  the  stomach. 
It  was  covered  with  peritoneum.  The  abdominal  aorta  could  be  palpated  posteriorly. 
The  kidneys  on  either  side  were  apparently  normal.  A  fine  needle  was  introduced  and 
about  10  c.c.  of  a  fluid  withdrawn  that  was  apparently  blood.  A  large  trocar  with  tubing 
attached  was  introduced  and  20  oz.  of  fluid  withdrawn.  This  fluid  seemed  to  be  almost 
pure  blood  but  there  was  a  cloudiness  to  it  as  it  ran  out  as  if  mixed  wdth  a  little  pus. 
The  trocar  hole  oozed  a  little  blood  after  the  withdrawal  of  the  trocar  but  with  a  little 
pressure  the  bleeding  soon  stopped.  A  fold  of  omentum  was  stitched  down  with  silk 
over  the  surface  of  the  tumor  where  it  had  been  punctured." 

September  30. — The  patient,  after  returning  to  ward  had  a  very  weak  rapid  pulse 
but  was  quiet  and  did  not  complain  much  of  pain.  Later  he  hiccoughed  and  vomited  a 
good  deal  and  was  quieted  by  morphine. 

October  i. — The  condition  verj-  little  improved ;  pulse  weak  and  temperature  sub- 
normal. 

October  3. — The  patient   seems   a  little  better;   complains  of   pain   in   upper  abdomen. 

October  6. — The  patient  in  a  stupor;   pulse  good. 

October  7. — Still   in   stupor,   breathing  deeply,   pulse   strong. 

October  p.— Stopped  breathing  suddenly  at   10:10. 

CuNiCAr,  Diagnosis. — Aneurism  of  the  abdominal  aorta;  syphilis;  generalized  arte- 
riosclerosis. 

AUTOPSY   PROTOCOL    (o.-M.). 

The  body  was  that  of  a  poorly  nourished  negro,  about  the  age  of  45  apparently,  and 
about  5  feet  10  inches  tall.  The  pupils  were  equal  and  not  dilated.  Arcus  senilis  was 
present.  The  eyeballs  were  sunken  and  the  sclerse  discolored  but  not  jaundiced.  Rigor 
mortis  was  present ;  postmortem  lividity  was  present  in  the  dependent  portions.  Tiic  teeth 
were  in  poor  condition  and  cavities  were  present  especially  on  the  anterior  surfaces  of 
the  incisors.     Pyorrhea  was  present. 

There  was  a  transverse  incision  in  the  alxlomen  extending  from  tlic  letl  nipi)lo 
line  to  2  inches  beyond  the  right  nipple  line  witli  the  convex it\  pointing  u])\var(i,  tiio 
highest  point  being  2V2  inches  above  the  umbilicus.  The  incision  was  closed  with  catgut 
and  seemed  to  he  about  eight  days  old.  The  tissues  beneath  were  infiltrated  with  a  dark 
blood  and  the  omentum  was  adherent.  In  the  left  upper  quadrant  a  mass  was  found 
1  inch  below  the  umbilicus  and  extending  up  to  the  costal  margin.  Tiic  omentum  was 
adherent  to  this  mass,  which  was  in  turn  adherent  to  tlic  stomach.  The  whole  mass  witli 
the  surrounding  organs  was  removed  and  dissected.  It  measured,  after  dissection,  6x5x5 
inches,  and  was  adherent  to  the  pyloric  i)ortion  of  tiie  stomach,  tlie  duodenum,  tlie  ascend- 
ing and  transverse  colf)n,   and   the   lower   surf:ioe  of   tlic   lift    lube   i>f   tin-   livtT.      lUliind    it 
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was  the  abdominal  aorta  which  also  was  adherent.  The  abdominal  aorta  was  opened 
and  then  it  was  found  that  from  this  vessel  an  artery  corresponding  in  position  to  the 
superior  mesenteric  passed  into  the  tumor,  which  on  being  opened  showed  that  it  was 
an  aneurismal  sac  due  to  dilatation  of  the  artery.  The  sac  was  almost  completely  filled 
with  blood  clot,  but  at  the  proximal  part  contained  a  couple  of  ounces  of  blood.  The 
intestines  were  congested  and  the  urinary  bladder  extended  about  1  inch  above  the 
symphysis  pubis.  The  lower  border  of  the  liver  was  2  cm.  below  the  ensiform,  and  about 
level  with  the  costal  margin  in  the  right  mammillary  line.  The  appendix  was  in  situ  and 
normal    in    appearance. 

When  the  thorax  was  opened,  the  lungs  collapsed  and  there  was  no  fluid  in  either 
pleural  cavity.  On  the  right  side  adhesions  were  found  at  the  lower  border  of  the  upper 
lobe  and  the  anterior  upper  and  outer  surfaces.  There  were  a  few  adhesions  at  the  apex 
and  adhesions  were  found  between  the  lobes.  The  left  lung  showed  lateral  and  apical 
adhesions.  There  was  no  increase  in  pericardial  fluid.  The  left  kidney  was  flabby, 
purplish-red  in  color,  and  on  cross  section  was  pale  and  the  cortex  thinned.  The  substance 
was  very  firm  to  the  feel  and  the  pyramids  appeared  fibrous.  The  glomeruli  were  visible 
as  fine  points.  The  capsule  stripped  with  difficulty,  was  very  thin,  and  oil  removal,  tore 
the  kidney  substance  in  spots.  The  stellate  veins  were  slightly  congested.  The  pelvis 
was  normal.  The  right  kidney  was  similar.  The  liver  was  of  normal  size,  with  the  scars 
of  old  adhesions  over  its  surface.  In  the  capsule  there  were  numerous  fine  white  lines 
that  radiated  from  a  number  of  points.  At  various  points  over  the  whole  organ,  stellate 
depressions  and  scars,  due  possibly  to  healed  syphilitic  gummata,  were  found.  These 
extended  into  the  substance  of  the  liver  at  variable  depths,  the  deepest  being  about  3  mm. 
Similar  ones  were  found  also  in  the  substance.  On  cross  section,  the  liver  was  pale  pink 
in  color,  the  interlobular  vessels  were  readily  apparent  and  the  liver  showed  a  slight  yel- 
lowish tint.  The  bile  ducts  contained  an  unusual  amount  of  bile  and  the  organ  had  a 
firm  feel.  The  gall  bladder  was  distended,  the  wall  slightly  thickened  and  contained  about 
3  ounces  of  dark  blackish  mucoid  fluid.  The  spleen  was  of  normal  size  and  the  capsule 
about  normal.  On  section  the  pulp  was  found  to  be  very  firm  to  the  feel.  The  blood 
Aessels  were  enlarged  and  stood  out.  There  was  an  increase  of  fibrous  tissue.  The  apex 
of  each  lung  showed  scars  of  old  adhesions.  All  the  lobes  were  bound  together.  The 
iungs  were  voluminous  and  crepitated  throughout.  On  cross  section,  a  frothy,  blood 
fluid  was  exuded,  which  was  greatest  in  the  upper  lobes. 

The  heart  was  slightly  enlarged  and  the  right  side  was  dilated.  The  valves  were 
healthy.  The  internal  surface  of  the  aorta  showed  a  number  of  fatty  plaques  and  in  the 
descending  portion  below  the  origin  of  the  transverse  arch  there  were  areas  of  sub- 
intimal  thickening  resembling  luetic  changes.  The  coronaries  were  not  tortuous.  The 
myocardium  was  pale  and  there  was  no  macroscopic  evidence  of  fibrosis. 

Ax.\T0Mic  Diagnosis. — Aneurism  of  the  superior  mesenteric  artery;  gumma  of  the 
liver ;  hepatic  capsular  fibrosis ;  luetic  mesaortitis ;  generalized  arteriosclerosis ;  splenic 
fibrosis ;    chronic   diffuse   nephritis   and   passive   congestion. 

REMARKS. 

How  infrequent  superior  mesenteric  aneurisms  are  may  be  seen  from  von 
Schrotter's''  figures  as  given  by  Lang.*  In  19,300  autopsies  an  aneurism  was 
found  in  connection  with  the  superior  mesenteric  artery  in  but  one  instance, 
whereas  there  were  four  splenic  aneurisms,  one  cehac,  one  renal,  and  three  of 
the  abdominal  aorta.  In  the  total  number  of  autopsies  220  aneurisms  were 
encountered. 

In  recent  medical  literature  I  have  found  several  cases  of  mesenteric  aneu- 
risms, but  all  have  been  either  traumatic  or  definitely  mycotic  and  acute.  Such 
are  the  cases  of  Gifford''  in  which  there  was  a  sejitic  endocarditis,  Rolleston  and 
AX'hipham,'"'  Cotterill  and  Miller,'  and  Stern. ^ 

CASE     III. 

This  is  a  case  in  which  there  was  an  almost  extreme  grade  of  generalized 
arteriosclerosis  and  in  which  a  small  aneurism  wa:.  found  in  connection  with  the 
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almost  completely  calcified  splenic  artery.  The  case  history  is  interesting  chiefly 
on  account  of  the  symptoms  associated  with  the  general  arteriosclerosis.  It 
may  be,  however,  that  certain  of  the  dominant  clinical  features  had  to  do  essen- 
tially wuth  the  splanchnic  sclerosis  in  which  the  splenic  artery  was  preeminently 
effected. 

K.  L.,  Hospital  No.  6312,  a  white  woman  63  years  of  age,  was  admitted  to  the  Cin- 
cinnati General  Hospital  on  December  1.  1915,  complaining  of  "shortness  of  breath,  heart 
trouble,   lump  in  the  stomach,  and  swelling  of  the  right   foot." 

F.AMiLY  History. — Her  mother  died  at  the  age  of  64  of  "kidney  trouljle."  Her 
father  died  at  63  of  "abscess  of  the  lungs." 

Past  History. — She  had  measles,  scarlet  fever,  and  whooping  cough  in  childhood. 
Ten  years  ago  she  had  inflammatory  rheumatism.  Thirty  years  ago  she  had  an  ulcer 
over  the  left  tibia.  Sixteen  years  ago  she  had  prolapsus  uteri.  She  drinks  tea  to  excess, 
but  uses  no  alcohol. 

Present  Illness. — Last  May  the  patient  began  to  be  short  of  breath  on  exertion. 
Her  feet  began  to  swell,  the  right  more  than  the  left.  Later  the  abdomen  became  heavy 
and  distended.  The  swelling  gradually  subsided.  At  the  time  of  the  onset  she  noticed 
two  lumps,  one  on  each  side  of  the  neck.  The  one  on  the  left  side  comes  and  goes. 
For  the  last  three  months  the  patient  has  suffered  with  "indigestion,"  i.e.,  pain  and  dis- 
tress after  eating.  She  does  not  vomit,  but  belches  and  has  a  sour  bitter  taste  in  the 
mouth.  For  the  last  few  mornings  she  has  vomited  string}-  mucus  which  relieved  the 
symptoms. 

Present  Condition. — The  patient  is  a  poorly  nourished  woman.  Her  pupils  react  to 
light  and  accommodation.  The  conjunctivae  are  slightly  jaundiced ;  the  eyelids  are  puffy. 
Both  lids  droop,  the  right  more  than  the  left.  The  teeth  are  poor.  The  gums  are  pyor- 
rheic.  The  external  carotids  present  two  expansile  enlargements,  the  one  on  the  left 
being  higher.  These  pulsating  "kernels"  are  visible  and  compressible  and  appear  to  be 
aneurisms.  The  brachial  and  axillary  arteries  are  tremendously  sclerotic  and  tortuous 
and  have  a  varicose   feel  that   suggests    focal  dilatations. 

The  skin  over  the  chest  is  dry,  scaly,  and  lemon  yellow  in  color.  There  is  no  tracheal 
tug.  The  apex  is  diffuse  in  the  sixth  and  seventh  interspaces  outside  the  nipple  line, 
lifting  the  left  side  of  the  chest. 

The  vocal  fremitus  is  increased  on  the  right.  Posteriorly  the  right  side  shows 
tubular  breathing,  roughened  at  times  with  scattered  mucous  rales.  On  the  left  side 
there  is  roughened  inspiration,  tubular  blowing  expiration  at  the  base  and,  in  the  axilla, 
tubular  breathing.  Anteriorly  on  both  sides  there  is  a  tubular  quality  more  pronounced 
on  the  right  than  on  the  left.  There  are  no  rales  or  friction  rubs.  On  percussion  the 
resonance  is  impaired  over  both  apices  posteriorly.  The  left  was  almost  flat ;  the  right 
was  dull.  Over  the  scapula  on  the  right  dullness  runs  off  into  a  dull  hyperresonance  in 
the  axilla  and  base.  On  the  left  the  apical  dullness  was  continuous  with  impairment 
over  the  scapula  and  upper  axilla  while  the  base  and  lower  axilla  show  hyperresonance. 
Anteriorly  under  the  clavicle  on  the  right  and  left  there  is  dullness  fading  into  dull 
tympanites  on  the  right,   and   impaired   resonance   in  the  left   axilla. 

There  is  a  wide  increase  of  cardiac  dullness  as  follows: 

To   right  To    left 

4  5 

4/2  5 

41/2  9 

4/2  11^ 

5/2  12 

6  12/2 

On  auscultation  a  systolic  bruit  is  well  heard  at  the  apex  and  also  at  tiic  aortic 
area.  The  second  aortic  is  much  accentuated  and  doubled  at  times.  .\t  times  the  bruit 
seems  to  be  between  the  first  and  second  sounds  and  not  connected  with  them.  At  each 
beat  there  is  a  tremendous  upheaval  of  the  left  chest.  Blood  pressure  systolic,  240;  dias- 
tolic,  145. 

The   abdomen   is   relaxed.      There   are   no    masses   and    no   alnKirnial    pulsation.      Tlierc 
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is  epigastric  tenderness.  The  liver  margin  is  made  out  2  fingerbreadths  below  the  costal 
margin.     There  is  no  hepatic  pulsation. 

Upon  the  extremities  the  veins  are  varicose,  tortuous  and  knott\'.  There  is  evi- 
dence of  old  varicose  ulcers.     The  reflexes  are  normal. 

December  3. — The  patient  complains  of  a  smothering  sensation  and  of  palpitation. 
She  is  conscious  of  violent  heart  action.     The  urine  shows  a  trace  of  albumin  and  casts. 

December  4. — An  x-ray  plate  shows  curvature  of  the  spine  and  some  displacement 
of  the  heart  to  the  left.  Just  to  the  right  of  the  aortic  arch  there  is  a  large  calcified  gland. 
A  further  note  on  the  plate  says  that  the  heart  is  enormously  enlarged  to  the  right,  left 
and  downward.  There  is  an  old  fibroid  condition  at  both  apices.  Very  little  lung  is  left 
on  the  left  side. 

December  5. — Urine  excretion  poor.     Beginning  edema  of  the  lungs. 

December  6. — Increased  edema  of  the  lungs.  Patient  lapses  into  unconsciousness. 
Pulse  120.  Blood  pressure,  systolic,  200;  diastolic,  120.  Appearance  of  a  petechial  erup- 
tion. At  noon,  blood  pressure,  systolic,  180;  diastolic,  90.  Later  Cheyne-Stokes  respiration 
developed,  and  after  remaining  semicomatose  until  the  following  day  at  5:15  p.m.,  the 
patient  died. 

Clinical  Dla.gnosis. — Mitral  insufficiency;  chronic  nephritis;  cardio-vascular-renal 
sclerosis;  arteriosclerosis;  varicose  veins;  hypertrophy  of  the  left  ventricle;  edema  of  the 
lungs ;  anasarca ;  fibroid  pulmonary  tuberculosis ;  calcified  mediastinal  glands ;  possible 
aneurism  of  the  thoracic  aorta ;  passive  congestion  of  the  liver  and  spleen ;  chronic  gastritis. 

AUTOPSY     PROTOCOL. 

The  body  of  an  old,  gray-haired,  slenderly  built,  thin,  woman  of  about  60  years. 
The  abdomen  seemed  a  little  distended.  The  peripheral  venous  system  was  congested, 
so  that  the  superficial  vessels  of  the  thighs,  upper  arms,  thorax  and  legs  showed  very  dis- 
tinctly through  the  pale  skin.  There  were  well  marked  varicose  veins  in  each  leg,  espe- 
cially the  left,  and  here  the  skin  was  generally  thickened  and  scarred  as  though  it  had 
been  frequently  ulcerated.  Both  legs  were  slightly  edematous.  Posterior  lividity  was  ex- 
ceedingly brilliant,  but  it  was  patchy  rather  than  diffuse,  and  appeared  to  be  composed 
of  numerous  cutaneous  hemorrhages  closely  set  together.  Both  buttocks  were  mildly  ex- 
coriated. The  finger  nails  were  dusky.  The  subcutaneous  fat  was  scanty.  The  mammary 
glands  were  atrophic,  but  normal. 

When  the  body  was  opened,  the  lungs  did  not  collapse,  because  of  a  moderate  edema 
and  mild  hypostatic  congestion.  There  were  adhesions  at  both  apices.  The  liver  border 
was  11  cm.  below  the  ensiform  and  8  cm.  below  the  costal  margin  in  the  right  mammillary 
line.  The  intestines  were  in  normal  position  except  the  transverse  colon  which  was  very 
low  and  filled  with  large  firm  scybala.  Except  for  the  presence  of  two  fibromata,  the 
pelvic  organs  appeared  normal. 

The  lungs  (left  330,  right  675  grams)  contained  just  enough  fluid  and  blood  to 
keep  them  from  collapsing.  In  each  apex  was  a  mass  of  calcium-containing  fibroid 
tissue.     They  were  congested  posteriorly. 

The  heart  (570  grams)  was  large  and  firm.  The  right  auricle  was  tremendously 
dilated  and  filled  with  a  large!  chicken-fat  clot.  The  foramen  ovale  was  closed.  The 
tricuspid  orifice  admitted  three  and  a  half  fingers.  The  valves  were  healthy.  The  pul- 
monary leaflets  were  healthy  and  the  orifice  normal.  The  mitral  orifice  admitted  two 
and  a  half  fingers.  The  leaflets  were  healthy  except  for  a  moderate  edema  of  the  mar- 
gins. The  aortic  orifice  was  not  dilated  (1+  fingers).  The  leaflets  were  comparatively 
healthy.  The  line  of  attachment  was  a  little  sclerotic,  and  at  the  points  of  contact  there 
was  some  adhesion.  The  free  margins  were  thin.  The  myocardium  was  tremendously 
thickened,  and  the  ventricular  cavities  showed  practically  no  dilatation.  The  coronaries 
were  not  sclerosed.  The  aorta  was  the  seat  of  a  general  atherosclerosis  which  was  least 
developed  in  the  arch  and  most  in  the  abdominal  segment.  As  a  matter  of  fact  the 
sclerosis  was  most  intense,  with  the  exception  of  the  midabdominal  section.  In  the  main 
branches  of  the  aorta,  the  iliacs,  the  celiac  axis  and  its  branches,  the  renals  and  the 
carotids,  all  of  which  were  diff^usely  calcified  and  somewhat  dilated.  The  dilatation  in 
these  vessels  was  more  marked  than  in  the  aorta  itself,  where  it  was  slight.  The  most 
strikingly  changed  vessel  was  the  splenic  artei-y  which  was  exceedingly  sclerotic  and 
tortuous  so  that  It  looked  like  a  large  calcified  twisted  earthworm.  At  one  point  the  vessel 
was  dilated  so  that  a  small  aneurismal  sac  the  size  of  a  small  cherry  appeared.     Next  in 
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intensity  of  involvement  were  the  iliacs.  The  epicardium  was  thickened  and  scarred 
and  the  thickened  areas  were  edematous. 

The  liver  (1455  grams)  was  brownish  in  general  color.  The  capsule  was  smooth 
and  thin  except  for  a  patch  about  the  size  of  one's  palm  on  the  anterior  surface  of  the 
right  lobe,  where  it  was  superficially  thickened.  The  cut  surface  showed  the  early  mark- 
ings of  passive  congestion  upon  the  yellowish  brown   substance. 

The  spleen  (145  grams)  was  congested  and  deep  purplish-red  in  color.  The  capsule 
was  irregularly  and  superficially  thickened.  The  substance  was  firmi  and  in  it  the  fol- 
licles could  not  be  seen. 

The  pancreas  showed  no  evident  changes. 

The  kidneys  (left  130,  right  110  grams)  were  small.  The  capsules  were  removed  with 
little  difficulty  though  the  granular  surfaces  were  torn  at  a  few  places.  The  organs  were 
generally  mottled  with  red  and  yellow.  They  were  evidently  congested.  The  cut  sur- 
faces were   firm   and   mottled.     The   cortices   were   thin. 

The  stomach  contained  a  large  amount  of  thin,  bile-stained,  cloudy  fluid.  The  mucosa 
was  congested  and  showed  a  few  small  pinpoint  hemorrhages  in  the  mucus-covered,  slightly 
adherent  mucosa.  The  duodenum  was  apparently  healthy  except  for  an  increase  in  the 
mucus  content.     The  bile  ducts  were  patent.     There  were  no  gall  stones  in  the  gall  bladder. 

The  uterus  was  small  and  atrophic.  In  the  fundus  was  a  large  myoma,  and  near  it 
to  the  left  was  a  small  one.     The  ovaries  were  sclerotic.     There  were  no  pelvic  adhesions. 

The  urinary  bladder  and  ureters  were  healthy. 

Anatomic  Diagnosis. — ^Cardiac  hypertrophy;  dilatation  of  right  auricle;  aortic  athero- 
sclerosis; peripheral  and  splanchnic  arteriosclerosis;  arteriosclerotic  kidney;  obsolescent 
calcareous  tuberculosis  of  lungs  and  bronchial  lymph  glands;  fibromyomas  of  the  uterus; 
varicose  veins  of  legs ;  passive  congestion  of  liver  and  spleen  ;  chronic  catarrhal  gastritis ; 
aneurism  of  the  splenic  artery. 

REMARKS. 

According  to  the  figures  of  Crisp  splenic  aneurisms  are  very  rare;  accord- 
ing to  those  of  von  Schrotter,  they  are  rare,  but  more  frequently  found  than 
similar  lesions  of  the  renal  or  superior  mesenteric  arteries.  Certain  it  is  that  in 
recent  literature  there  are  more  references  to  splenic  aneurisms  than  to  most 
other  forms  of  unusual  abdominal  aneurisms.  In  many  instances  the  lesions 
appear  to  be  due  to  embolic  processes,  as  in  the  cases  of  Monroe,^  and  Walz." 
In  other  instances,  as  in  the  present  one,  they  appear  to  be  definitely  arterioscle- 
rotic  (luetic?)   in  origin. 

CASE    IV.- 

In  this  case  the  aneurism  was  associated  with  a  congenital  cardiac  septal 
defect  in  a  young  infant. 

D.  ]j.,  Hospital  X(j.  A-7751,  a  white  child  7  months  old,  was  admitted  to  the  Cin- 
cinnati  General  Hospital  on   November  22,   1916,    for  "shortness   of   brcatii." 

There  was  no   family  history  of  tuberculosis  or  lues. 

Past  History. — Except  for  an  attack  similar  to  that  for  which  she  was  lirought 
to  the  hospital,  she  has  always  been  in  apparently  good  health.  She  has  been  fed  on 
Horlick's  malted   milk. 

PrrsKN'T  Ii.lnkSS. — This  rommcncctl  five  days  before  admission  witii  cough  and 
dyspnea. 

Physical  Examination. — The  i)aticnt  is  a  well  developed  wliile  female  infant  seven 
■months  old,  lying  in  bed  crying  and  breathing  rapidly  and  with  difficulty.  On  .idmission  the 
temperature  was  KX)",  the  pulse  120,  and  the  respirations  3(S.  The  liead  is  negative.  'iMie 
face  is  cyanotic  and  the  respiratory  movements  are  short  and  labored.  The  pupils  are 
contracted  and  respond  to  light.  The  conjunctiva?  arc  pale.  There  is  no  ocular  devia- 
tion. The  tongue  is  clean.  The  lower  central  incisor  teeth  are  just  emerging  tlirough 
the  gums.  The  posterior  pharynx  is  inflamed;  tliere  is  a  membrane.  Tlie  nose  is  normal 
and  there  is  no  discharge   from   the  cars.     There   is   no   rigidity   of   the   neck.     The   finger 
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tips  of  both  hands  are  cyanotic  and  the  nail  beds  are  deep  blue.  The  chest  is  well  formed 
and  symmetrical.  The  respiratory  rhythm  is  irregular  and  embarrassed.  There  is  re- 
traction of  the  peripneumonic  groove  during  inspiration.  There  is  dullness  at  the  right 
base  posteriorly,  and  crepitant  and  subcrepitant  moist  rales  are  heard  throughout  both 
lungs.  Vocal  fremitus  is  slightly  increased  at  the  right  base  posteriorly.  The  apices  are 
clear.  There  is  no  distention  or  retraction  of  the  abdomen.  The  liver  dullness  is  normal. 
The  spleen  is  not  palpable.  The  genitourinary  tract  is  negative.  The  toes  of  both  feet 
are  cyanotic.  The  apex  beat  is  irregular  and  is  visible  in  the  5th  interspace  inside  the 
nipple  line.  The  cardiac  rhythm  is  regular.  There  is  a  harsh  systolic  bruit  heard  diffusely 
over  the  entire  precordial  region,  but  with  a  point  of  maximum  intensity  at  the  base,  and 
apparently   transmitted   toward  the   apex,   but   not   into   the   axilla. 

November  24. — There  is  a  distinct  dullness  over  the  right  lower  lobe  from  the  angle 
of  the  scapula  to  the  base.  There  is  no  dullness  on  the  left  side.  Over  the  area  of  dull- 
ness there  are  crepitant  and  subcrepitant  rales.  Over  the  whole  chest  there  are  medium 
sized  mucous  rales.  Anteriorly  over  the  left  upper  lobe  there  is  a  breezy  bronchial  breath- 
ing without  crepitant  rales.     On  the  right  side  the  breathing  is  very  rough. 

November  28. — Over  the  right  lower  lobe  there  is  still  dullness  but  the  rales  are 
large  and  more  moist.     The  general  appearance  is  better.     Respirations  are  not  so  labored. 

December  2. — The  condition   is   unchanged.     Cyanosis   is   marked. 

December  3. — ^The  condition  is  unchanged.  At  10:30  p.m.  marked  abdominal  dis- 
tention  appeared   and   dyspnea   and   cyanosis   increased. 

December  4. — ^Death  occurred  at  8  a.m. 

Clinical  Diagnosis. — Congenital  stenosis  of  the  pulmonary  artery;  patent  foramen 
ovale ;   patent  ductus  arteriosus ;   bronchopneumonia. 

AUTOPSY  PROTOCOL. 

The  body  was  that  of  a  well  nourished  girl  baby,  73  cm.  long.  Rigor  mortis  was 
not  present ;  postmortem  lividity  was  slight.  The  pupils  were  equal.  The  lower  middle 
incisors  were  present.  The  upper  left  middle  incisor  had  just  penetrated  the  gum.  The 
body  was  still  warm.  There  was  nothing  unusual  in  the  peritoneal  cavity  except  a  mod- 
erate general  hyperplasia  of  the  lymphoid  follicles.  Apparently  there  was  an  increase 
in  the  number  of  visible  hemolymph  glands.  The  lower  border  of  the  liver  extended  6 
cm.  below  the  tip  of  the  ensiform  and  4^/^  cm.  below  the  costal  margin  in  the  right  mam- 
millary  line.  The  peripheral  lymph  glands  were  not  obviously  enlarged.  The  thymus 
extended  4^^  cm.  below  the  sternal  notch,  was  4  cm.  in  width,  and  did  not  appear  to  be 
hyperplastic.  It  had  two  ascending  limbs  one  of  which  passed  forward  anterior  to.  the 
other   posterior  to,  the  innominate  vein. 

When  the  sternum  was  removed,  the  lungs  did  not  collapse.  The  lungs  and  heart 
were  taken  out  en  }iiasse  and  as  the  trachea  was  cut  across  it  was  found  to  be  prac- 
tically  filled   with   a   thick  yellowish   mucoid   purulent   material. 

The  heart  was  of  fair  size  but  there  was  a  tremendous  dilatation  of  the  right  auricle, 
which  was  filled  with  a  mass  of  deep  red  clot  that  was  not  laminated.  The  foramen  ovale 
was  open  but  seemed  to  be  provided  with  a  fairly  competent  valve.  The  tricuspid  orifice 
admitted  the  tip  of  the  little  finger.  The  pulmonary  orifice  was  tremendously  contracted 
and  permitted  the  passage  of  a  probe  not  more  than  3  mm.  in  diameter.  The  pulmonary 
artery  itself  was  small.  Immediately  posterior  to  the  pulmonary  orifice  was  a  very 
large  orifice  which  led  immediately  into  the  left  ventricle  just  below  the  aortic  valves.  The 
aorta  was  considerably  dilated.  The  mitral  orifice  admitted  the  tip  of  the  first  finger. 
The  aortic  orifice  on  the  left  measured  just  6  mm.  in  diameter  and  on  the  right,  1  cm.  in 
diameter.  There  was  evidently  a  defect  in  the  interventricular  sputum  which  permitted 
the  pulmonary  artery  and  aorta  practically  to  join  just  above  the  muscular  septum.  The 
aortic  leaflets  seemed  to  be  perfectly  healthy,  but  the  interventricular  opening  was  not 
provided  with  any  leaflets.  The  myocardium  of  the  right  side  of  the  heart  was  some- 
what thicker  and  more  hypertrophic  than  that  of  the  left  side  of  the  heart  so  that  the 
right  myocardium  resembled  more  the  usual  musculature  of  the  left  heart.  Both  cavities 
were  somewhat  dilated,  the  left  more  than  the  right.  The  ductus  Botalli  was  not  evi- 
dently present,  but  in  the  usual  position  for  it  was  what  appeared  to  be  an  unusually 
large  bronchial  artery  which  led  directly  into  the  tissue  of  the  right  lung.  This  bronchial 
arterial  branch  led  into  a  cavity,  aneurismal  in  general  appearance,  just  external  to  the 
right  lung   in  the  mediastinum,   and  was   filled   with   a   laminated   clot. 
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The  right  lung  was,  as  to  the  upper  lobe  and  the  upper  two-thirds  of  the  middle 
lobe,  crepitant  and  healthy  in  appearance.  The  lower  lobe  and  lower  part  of  the  middle 
lobe  were  filled  with  very  numerous  nodules  in  which  there  w-as  no  crepitation.  On 
section,  it  appeared  that  these  nodules  were  small  foci  of  consolidation  from  which  small, 
almost  tubular  casts  of  pus  could  be  expressed.  The  left  lung  was,  except  for  the  pres- 
ence of  a  few  scattered  patches  of  atelectasis,  healthy. 

The  spleen  was  of  fair  size  and  measured  7x4x2  cm.,  was  quite  firm,  a  deep  bluish- 
purple  in   color,   and   the   Malpighian   bodies   were   just   visible. 

The  liver  was  large,  quite  congested,  but  showed  nothing  else  unusual.  There  were 
no  obvious  lesions  in  the  other  organs.  The  kidneys,  except  for  a  moderate  congestion 
and  a  certain  amount  of  edema  and  some  slight  paleness,  seemed  to  be  healthy.  The 
fetal   lobulations   were   extremely  distinct. 

Anatomic  Diagnosis. — Congenital  cardiac  septal  defect;  patent  foramen  ovale;  aneu- 
rism  of   an   abnormal    bronchial   artery    (right)  ;    acute   lobular   pneumonia. 

REMARKS. 

This  very  unusual  case  is  interesting  for  other  reasons  than  those  associated 
with  .the  aneurism.  Nevertheless  it  is  this  that  concerns  us  at  this  time.  From 
the  changes  elsewhere  in  the  pulmonary  vascular  tree  it  seems  that  there  must 
have  been  some  other  factor  at  work  than  mere  pressure, — that  there  must  have 
been  some  toxic  cause  associated  with  the  vascular  anomaly.  Throughout  the 
•consolidated  portions  of  the  lungs  the  vessels,  branches  of  the  pulmonary  arterial 
system,  were  the  seats  of  an  extreme  obliterating  endarteritis,  with  which  was 
associated  thrombosis.  The  latter  condition  was  most  distinct  in  sections  of  the 
larger  pulmonary  arterial  radicles  in  which  these  vessels  are  found  to  be  almost 
•completely  filled  with  lamellated  clots  undergoing  peripheral  organization.  In 
the  smaller  vessels  there  is  evidence  that  many  of  them  had  been  thrombosed  and 
that  the  thrombi  have  been  organized  and  canalized.  In  the  smallest  vessels  the 
obliterating  hyperplasia  is  clearest.  It  is  probable  that  the  agent  which  caused 
the  clotting  was  also  the  cause  of  the  weakening  of  the  vessel  that  presented  the 
aneurism.  It  is  exceptional  that  this  aneurism  appeared  in  an  anomalous  bron- 
■chial  artery.*  Reference  may  be  made  here  to  a  case  of  Weller^^  in  which  there 
was  an  aneurism  of  the  ductus  arteriosus. 
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TOXICITY  OF  HETEROLOGOUS  AND  HOMOLOGOUS  SERUMS 


By  Carl  E.  Roser,  Ann  Arbor,  Mich. 


IT  has  been  known  for  a  long  time  that  normal  blood  and  blood  serum  are, 
under  certain  conditions,  poisonous  substances,  some  much  more  so  than 
others;  but  the  nature  of  the  toxic  action  was  purely  a  matter  of  conjecture 
until  a  few  years  ago.  Before  attacking  the  question  of  the  nature  of  this 
toxicity,  it  may  not  be  out  of  place  to  give  a  brief  outline  of  the  development 
of  ideas  in  connection  with  blood  injection  phenomena.  These  conceptions 
are,  in  some  cases,  not  directly  related  to  the  subject  in  hand,  but  will  serve 
to  outline  the  steps  by  which  our  present  attitude  had  been  reached. 

The  first  observation  of  this  kind  dates  back  to. the  year  1666,  when  an 
account^  of  a  sudden  death  following  blood  transfusion  was  reported  to  the 
London  Royal  Philosophical  Society,  the  cause  assigned  being  that  of  intravas- 
cular coagulation. 

The  next  important  work  of  which  there  is  any  record  is  that  of  Hip- 
polite  Magnani,-  who  made  use  of  sheep  blood  injections  into  dogs.  He  found 
that  in  many  cases  the  animals  died  very  suddenly,  and  concluded  that  death 
resulted  from  too  large  an  injection.  The  same  observer  also  gave  the  first 
description  of  hemoglobinuria  associated  with  such  conditions. 

BischoiT^  believed  that  the  toxic  efifects  were  due  to  the  fact  that  the  blood 
used  for  injections  had  not  previously  been  defibrinated.  Later  he  reported 
that  this  made  no  particular  difference,  and  assumed  that  death  was  caused  by 
the  venous  character  of  the  blood. 

Magendie^°  (1839)  reported  extravasation  and  hemorrhage  in  the  lungs 
and  abdominal  organs  as  a  result  of  injection  of  defibrinated  blood,  thus  pre- 
senting a  definite  anatomical  picture  for  a  condition  hitherto  an  object  of  little 
more  than  speculation. 

Panum*  was  the  first  to  establish  the  fact  that  the  foreign  corpuscles  func- 
tion nonnally  for  a  short  time  and  are  then  destroyed  and  excreted  in  the  feces 
and  urine.  Brown-Sequard  claimed  to  have  observed  the  foreign  blood  cells 
one  month  after  injection. 

Landois,^  in  a  series  of  experiments  with  whole  blood  injections,  concluded 
that  death  was  caused  by  the  combined  action  of  two  conditions : 

L  Destruction  of  red  blood  cells  and  liberation  of  fibrin,  thus  leading  to 
coagulation  of  blood  and  the  formation  of  thrombi  in  the  pulmonary  capillaries. 

2.  Agglutination  of  red  blood  cells  and  the  deposition  of  masses  of  ag- 
glutinated cells  in  the  pulmonary  circuit. 

Neudorfer*^  ascribed  death  under  such  conditions  to  the  presence  of  un- 
saturated fatty  acids,  his  idea  being  that  the  damage  was  done  to  the  organism 
through  the  saturation  of  such  unsaturated  compounds. 

Ponfick''  injected  defibrinated  blood  into  the  external  jugular  vein  of  a  dog 
and  observed  respiratory  symptoms  coupled  with  other  disturbances.  He,  how- 
ever., discredited  the  hemagglutination  theory  of  mechanical  interference. 

In  1877  Kohler^-'  showed  that  fresh  defibrinated  blood,  whether  homologous 
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or  heterologovts,  is  an  active  poison,  and  ascribed  toxicity  to  the  presence  of  a 
fibrin  ferment. 

Moni^  concluded  that  the  toxic  effect  of  the  introduction  of  washed  red 
blood  cells  was  due  to  the  hemolytic  action  of  the  serum  of  the  recipient. 

Batelli^  held  that  serum  must  contain  specific  agglutinins  in  order  to  be  toxic. 

Gottlieb,  Lefmann  and  Lefmann"  studied  the  ether  extractives  of  red  blood 
cells  and  claimed  to  have  demonstrated  the  toxic  action  of  such  substances  on 
animals. 

Coca"'  supported  the  contention  that  red  blood  cells  contain  certain  sub- 
stances, probably  lipoids,  which  have  a  toxic  effect  when  suddenly  introduced 
into  the  blood  stream  of  animals  in  large  quantities.  In  summing  up  his  own 
previous  work  he  makes  the  following  statements : 

1.  Cause  of  sudden  death  following  injection  of  washed  red  blood  cells 
rests  in  the  clogging  of  the  capillaries  of  the  pulmonary  circulation  due  to  cell 
agglutination. 

2.  Presence  of  specific  agglutinins  in  the  serum  of  the  animal  is  not  in  it- 
self sufficient  to  explain  the  phenomenon.  The  additional  fact  of  the  interaction 
of  a  substance  derived  from  the  endothelial  lining  of  the  capillaries  must  be 
assumed. 

3.  Toxic  substances  in  inactive  form  can  be  demonstrated  in  fresh  cor- 
puscles. 

These  ideas  as  to  the  mechanical  nature  of  the  toxic  action  of  foreign 
blood  and  serum  held  sway  in  some  quarters  as  late  as  1910,  for  at  that  time 
three  workers  connected  with  the  Rockefeller  Foundation, — Loeb,  Strickler, 
and  Tuttle,^^ — brought  out  a  paper  in  which  they  distinguished  two  kinds  of 
serums;  one,  of  which  they  said  dog  serum  was  an  example,  being  hemolytic 
and  coagulating,  and  the  other, — beef  serum — agglutinating.  On  the  basis  of 
these  findings  they  joined  the  ranks  of  their  predecessors  and  proclaimed  the 
cause  of  death  resulting  from  injection  of  heterologous  serum  as  being  twofold: 

1.  Stoppage  of  lung  vessels  with  fibrin  thrombi. 

2.  Stoppage  of  lung  vessels  with  masses  of  agglutinated  red  blood  cells. 
During  the  past  decade  the  study  of  serum  toxicity  has  received  great  impetus 
through  the  discovery  and  development  of  immunity  reactions  and  anaphylaxis. 
This  w'as  in  part  inevitable  since  serums  played  the  principal  role  in  such  proc- 
esses, and  investigators  were  continually  meeting  with  unexpected  results  from 
the  use  of  primarily  toxic  serums.  Besides  this,  the  phenomena  of  anaphylaxis 
and  serum  toxicity  were  so  closely  related  that  it  was  necessary  to  investigate 
both  in  order  to  understand  either.  Careful  researcli  soon  demonstrated  that 
serum  toxicity,  whatever  its  real  nature,  was  certainly  not  a  mechanical  proc- 
ess, as  previous  workers  had  supi)osed,  and  precii)itali()n,  agglutination,  and 
hemolysis  were  assigned  their  true  place— independent  of  toxicity. 

Some  such  serums  were  found  to  have  a  much  higher  primary  toxicity  than 
others,  so  that  a  single  injection  of  even  very  small  (|uantities  proved  fatal  in  a 
very  .short  time.  Of  such  serums  that  of  the  eel  was  tiie  most  highly  toxic, 
being  one  thousand  times  more  acti\e  than  the  most  ana[)hylatoxic  substance  yet 
produced.  Human  serum,  as  well  as  rat,  beef,  and  goat  serum  belonged  to  this 
highly  fatal  class.  Novy^-  finds  that  normal  rat  serum  injected  into  a  guinea 
pig  gives  a  typical  colloidal  periodicity  curve  of  toxicity,  and   that   this  toxicity 


538  THE    JOURNAL    OF    LABORATORY    AXD    CLINICAL    MEDICINE 

is  very  greatly  increased  by  the  addition  of  water.  Doer  and  Raubitschek,^-' 
working  in  1908,  found  that  the  purely  toxic  part  of  eel  and  beef  serum  was 
separate  and  distinct  from  the  sensitizing  and  anaphylactic  substances,  and  could 
be  destroyed  comparatively  easily  by  heat  and  dilute  acids.  Thus,  if  the  toxic 
portion  was  destroyed,  it  was  found  that  the  remainder  was  capable  of  producing 
all  the  phenomena  of  sensitization  and  anaphylactic  shock.  However,  these  ob- 
servers, as  well  as  Kossel,^*.  showed  that,  as  the  primary  toxicity  of  a  serum  in- 
creased, the  hypersensitizing  and  anaphylactic  properties  seemed  to  decrease 
and  were  in  some  cases  masked  altogether. 

Perhaps  the  most  comprehensive  work  done  in  recent  years  on  primarily 
toxic  serums  is  that  of  Zinsser,^^  who  utilized  rabbits  for  making  goat  serum  in- 
jections. He  found  that  the  severity  of  symptoms  increased  with  the  size  of  the 
dose  and  that  the  symptoms  themselves  were  very  similar  to  those  described  by 
Uhlenhuth  and  Haendel,  as  well  as  by  Doer  and  Moldavan  in  connection  with 
their  work  on  anaphylaxis.     He  reported  the  following: 

Latent  period  varying  with  the  quantity  injected  from   1   to   10  min. 

Respiratory  distress. 

Paralysis,  beginning  with  hind  legs. 

General  convulsions  before  death. 

Following  the  work  of  Doer  and  Raubitschek,  Zinsser  investigated  the  na- 
ture and  properties  of  the  toxic  portion  of  the  serum  he  had  used.  He  first 
tried  to  establish  the  relation  of  toxicity  to  associated  characteristics  of  goat 
serum,  such  as  agglutination  and  hemolysis,  and  to  this  end  he  utilized  the  previ- 
ously demonstrated  fact  of  the  heat  lability  of  the  toxin.  The  serum  was  heated 
at  56°  C.  for  twenty  minutes,  and  it  was  found  that  both  toxicity  and  hemolytic 
power  had  been  destroyed,  but  that  the  agglutinating  capacity  remained.  Rea- 
soning from  this  result  it  was  concluded  that  agglutination,  at  least,  could  not  be 
regarded  as  the  toxic  factor,  but  the  experiment  had  shown  that  the  reaction  of 
hemolytic  and  toxic  portions  were  the  same.  Were  they  actually  identical?  In 
order  to  test  this,  Zinsser  removed  the  hemolytic  amboceptor  and  complement 
from  the  serum  by  allowing  the  latter  to  act  on  washed  red  blooTi  cells  until  the 
hemolytic  power  was  exhausted.  The  substance  remaining  was  centrifuged  to 
remove  the  cells,  and  injected  into  guinea  pigs,  with  results  that  clearly  indicated 
that  toxicity  was  unimpaired.  Hemolysis  was,  therefore,  also  ruled  out  as  the 
toxic  principle,  and  only  two  possible  interpretations  remainerl.  The  poison 
must  be  either  an  anaphylatoxin,  produced  by  the  action  of  the  serum  on  tlie 
cells,  or  a  heat  sensitive  toxin  independent  of  hemolytic  property.  Further  in- 
vestigation established  the  latter  as  the  more  probable,  for, 

1.  The  hemolytic  property  of  inactivated  goat  serum  could  be  restored  with  . 
guinea  pig  complement,  whereas  toxicity  could  not. 

2.  Toxicity   dropped   more    than    the    hemolytic    property    on    standing. 

3.  The  toxic  substance  after  removal  of  the  hemolytic  amboceptor  and 
complement  corresponded  closely  to  the  toxic  dose  of  the  original   serum. 

4.  The  toxicity  of  the  fluid  remaining  after  the  removal  of  the  hemolytic 
amboceptor  and  c(jmplement  was  destroved  at  56°  C. 

From  these  results  Zinsser  concluded  that  the  toxic  action  of  goat  serum 
for  rabbits  was  due  to  a  heat  sensitive  substance  independent  of  agglutination 
and  hemolvsis. 
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The  question  now  arose  as  to  whether  the  reaction  might  not  be  anaphylac- 
tic, but  investigation  soon  showed  that  this  was  not  the  case,  for.  according  to 
Zinsser,  the  reactions  differed  in  the  following  particulars  : 

1.  Autopsy. — No  lung  inflation;  gross  changes  practically  absent. 

2.  Temperature  Fall. — "Although  this  does  occur,  it  means  but  little,  since 
in  this  case  an  active  serum  was  used,  distinguished  from  the  inert  protein  mat- 
ter used  in  such  work." 

3.  Diminution  of  Complcinent. — Occurred  in  all  cases  in  spite  of  the  fact 
that  the  complement  of  the  subject  had^been  shown  to  have  no  part  in  the  reac- 
tion.    This  was  proportionally  less  than  in  true  anaphylaxis. 

4.  Aiitianaphylaxis. — Rabbits  which  received  sublethal  doses  showed  no  in- 
creasing resistance  to  subsequent  injection.  "It  appears  certain  that  nothing  of 
the  kind  takes  place." 

5.  Fall  of  Blood  Pressure. — Preliminary  rise  followed  by  slight  fall  and 
rise  to  normal.     In  young  rabbits  fall  was  rapid  and  continued  until  death. 

6.  Etherization  did  not  prevent  death. 

7.  Atropin  had  no  effect. 

Doer  and  Raubitschek,^*'  and  Uhlenhuth  and  HaendeP'  had  shown  the  same 
thing  by  heating  the  serum  at  56°  C.  and  finding  that  the  toxic  portion  was  de- 
stroyed while  the  anaphylactic  portion  remained. 

Like  other  toxins  those  of  normal  serum  produce  antitoxins  which  protect 
against  future  injections.  This  process  goes  on  simultaneously  with  that  of 
sensitization  in  serums,  such  as  the  eel,  which  possess  double  antigens,  so  that  it 
is  possible,  as  shown  by  Doer  and  Raubitschek,  to  have  an  animal  immunized  to 
eel  toxin  and  sensitized  to  eel  anaphylactogen,  with  the  result  that  on  the  second 
injection  a  double  process  occurs ;  namely,  that  of  toxin  binding  and  anaphylac- 
tic shock.  This  double  phenomenon  can  further  be  demonstrated  by  transfer- 
ring blood  from  an  injected  guinea  pig  to  a  normal  animal,  and  thus  establish- 
j  ing,  on  the  one  hand,  passive  immunity  to  the  toxin,  and  on  the  other,  passive 
I  sensitization  to  the  anaphylactogen.  It  can,  therefore,  readily  be  seen  why  it  is 
impossible  to  immunize  an  animal  against  such  serums ;  immunity  to  the  toxin 
can  be  established  readily  enough,  but  there  can  be  no  immunity  to  anaphylaxis, 
and  it  is  the  latter  which  produces  the  symptoms  or  kills  on  the  second  injection. 

As  to  the  actual  nature  of  this  toxicity,  nothing  absolutely  definite  is  known, 
j  Early  experiments  with  defibrinated 'blood  had  naturally  enough  suggested  the 
j  idea  that  toxicity  was  associated  with  coagulation,  and  investigation  seems  to 
have  confirmed  this,  as  the  following  experiments  by  Novy^"^  indicate. 

If  rabbit  blood  is  taken  and  transferred  directly  to  a  guinea  ])ig  at  high 
speed — 30  sees,  from  heart  of  rabbit  to  vein  of  guinea  pig — n^  toxic  action  is 
evident.  However,  if  the  animal  is  bled  and  the  blood  defibrinated,  toxicity  be- 
comes evident,  and  furthermore,  it  is  found  that  the  degree  of  toxicity  varies 
with  the  mode  of  defibrination.  Thus,  if  defibrination  is  accomjilished  by  shak- 
ing with  glass  beads  the  ])roduct  is  highly  toxic,  whereas  defibrination  with  an 
iron  wire  yields  a  blood  of  mild  action.  Scrum  obtained  b\-  r:ipid  centrifugation 
of  defibrinated  blocKl  is  also  poisonous. 

The  relation  of  such  toxicity  to  coagulation  has  brouglil  forth  a  \ariety  of 
theories.  Kohler  ascribed  toxicity  to  the  i)resence  of  the  librin  ft-nnent ;  Stitd- 
sinski  held   that  the  poisf)n   might   come    from   mechanical   diMUptioii   of   the  red 
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blood  corpuscles,  and  Freud  thought  that  the  poison  came  from  hijur}'  to  the 
blood  platelets.  No  one  theory  explaining  the  phenomenon  has  been  accepted, 
at  least  each  has  found  its  opponents,  so  the  whole  matter  must  still  be  regarded 
as  an  open  question.  However,  we  may  accept  the  statement  of  Vaughan^'^  that 
"serums,  even  of  homologous  origin,  behave  like  foreign  proteins  possibly  on  ac- 
count of  changes  that  take  place  during  coagulation." 

This  primarily  toxic  property  of  serums,  while  of  great  interest  and  im- 
portance, is  far  outweighed  in  significance  by  another  phenomenon  associated 
with  the  poisonous  action  of  serum,  namely,  that  of  hypersensitization  or  an- 
aphylaxis. This  phenomenon  is  not  in  the  strictest  sense  a  toxic  action,  since  it 
has  definitely  been  proved  that  no  toxin — used  in  the  sense  of  a  substance  which 
calls  forth  an  antitoxin- — is  involved.  However,  considering  our  subject  from 
its  broader  aspect,  namely,  toxicity  in  the  general  sense  of  poisoning,  the  ques- 
tion of  serum  anaphylaxis  cannot  be  omitted.  A  brief  outline  of  the  develop- 
ment of  this  subject  will  perhaps  serve  to  give  a  general  viewpoint  not  other- 
wise obtainable. 

As  early  as  the  year  1839,  Magendie  noticed  that  if  an  animal  received  an 
injection  of  a  given  substance,  and  later  received  a  second  injection  of  the  same 
substance  it  usually  died  immediately,  or  at  least  after  a  very  short  time.  How- 
ever, neither  he  nor  his  contemporaries  followed  up  this  observation  so  that  it 
w^as  soon  forgotten. 

The  early  observations  made  by  Behring-°  and  his  pupils  (1893)  in  connec- 
tion with  complications  arising  from  the  use  of  antitoxin,  as  well  as  similar  con- 
ditions noted  by  others  with  regard  to  tuberculin  and  mallein,  are  now  regarded  as 
purely  anaphylactic  phenomena,  but  at  that  time  more  or  less  labored  explanations 
were  formulated  on  the  basis  of  Ehrlich's  side  chain  theory  of  immunity.  It 
was  not  until  1898  that  the  fundamental  observations  now  at  the  basis  of  our 
knowledge  of  anaphylaxis  were  made  by  Hericourt  and  Richet-^  while  working 
with  eel  serum  injections  into  dogs.  They  observed  that  repeated  injections 
gave  an  increased  susceptibility  to  the  serum  instead  of  the  expected  immunity. 
Later  Portier  and  Richet"  made  similar  observations  while  working  with  "Ac- 
tino-congestin,"  a  poisonous  substance  derived  from  the  tentacles  of  Actinia. 
This  substance  in  minute  doses  produced  severe  symptoms  and  death  in  dogs. 
If  a  sublethal  dose  was  given  and  a  few  days  allowed  to  elapse  before  a  second 
injection  was  administered,  it  was  found  that  one-third  to  one-fifth  of  a  lethal 
dose  produced  death.  From  these  experiments  it  was  concluded  that  the  first 
dose  had  given  rise  to  a  well  marked  increase  in  susceptibility  so  that  on  the 
second  injection  a  very  greatly  decreased  quantity  produced  severe  symptoms 
and  death.  Richet  coined  the  word  anaphylaxis  (ai^a-against ;  ^uAa^ts-protec- 
tion)  to  distinguish  this  phenomenon  from  immunity  or  prophylaxis.  This  term 
has  since  been  shown  to  be  a  misnomer  (Vaughan).--^ 

Shortly  after  Richet's  earlier  experiments,  Arthus-*  made  a  series  of  ob- 
servations in  connection  with  the  repeated  injection  of  horse  serum  into  rabbit- 
and  worked  out  a  condition  which  has  since  been  known  as  the  "Arthus  Phenom 
enon."  He  repeatedly  injected  horse  serum  subcutaneously  at  short  intervals. 
and  found  that  he  was  able  to  produce  an  intense  local  reaction  which,  with 
continued  dosage,  progressed  from  a  mild  edema  at  the  site  of  injection  to  a 
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hard  induration  followed  by  subsequent  sloughing  off  and  ulcer  formation. 
This  showed  that  with  each  succeeding  injection  the  susceptibility  of  the  animal 
was  raised  until  a  point  was  reached  where  the  same  quantity  of  serum  which 
had  at  first  caused  only  slight  edema  was  capable  of  producing  such  intense  ac- 
tion that  sloughing  of  tissue  resulted.  An  observ'ation  very  similar  to  that  of 
Arthus  was  made  by  Theobald  Smith-^  in  1904.  He  noticed  that  guinea  pigs 
injected  with  mixtures  of  toxin  and  antitoxin  in  the  course  of  antitoxin  stand- 
ardization died  jf  after  a  short  interval  they  were  reinjected  W'ith  normal  horse 
serum.  At  about  this  time  Otto-^  and  Rosenau  and  Anderson-^  made  elaborate 
inquiries  into  the  nature  of  this  reaction  and  succeeded  in  bringing  out  many 
new  points,  such  as  specificity  of  the  reaction,  transmission  of  hypersensibility 
to  the  offspring,  etc.  "Die  Serumkrankheit,"  a  treatise  by  von  Pirquet  and 
Shick-^  also  appeared  at  this  time.  The  breadth  of  the  biological  principle  involved 
was  shown  by  Vaughan  and  Wheeler,-^  Nicolle,"°  and  others  who  demonstrated 
that  the  reaction  was  not  confined  to  animal  serums  but  was  elicited  by  proteins 
in  general. 

Needless  to  say  a  phenomenon  of  so  striking  a  nature  at  once  made  its  in- 
fluence felt  in  other  directions  and  the  mechanical  obstruction  theory  of  serum 
toxicity  began  to  lose  ground.  It  now  became  an  object  to  establish  definitely 
the  relationship  of  anaphylaxis  to  the  associated  phenomena  of  hemolysis  and 
agglutination.  The  researches  of  a  number  of  observers  soon  established  this. 
Uhlenhuth  and  HaendeP^  found  that  inactive  beef  serum  activated  with  guinea 
pig  complement  was  able  to  hemolise  guinea  pig  red  blood  cells  in  vitro,  but  had 
no  anaphylactic  action ;  they  therefore  said : 

"The  anaphylactic  substances  are  probably  not  identical  with  hemolysins, 
hemolytic  amboceptor  or  complement." 

Doer  and  Moldovan'-  reported  findings  similar  to  the  above  but  disagreed 
with  some  other  observers  who  claimed  to  have   destroyed  hemolytic  and  ag- 
glutinating properties   without   injuring  toxicity   by  heating   at   50°    to  60°    C. 
Attempts  to  separate  the  hemolytic  and  toxic  properties  by  either  chemical  or 
physical   means — heat,   alcohol,   carbon   dioxide,    dialysis,    etc., — failed   entirely, 
j  in  fact  a  remarkably  parallel  reaction  was  evident.     However  they  too  believed 
I  that  toxicity  and  hemolysis  were  separate,  and  summed  the  matter  up  by  saying, 
I  "Toxicity  is  independent  of  hemolysis  even  though   it  is   caused  by  the   same 
i  amboceptor."     The  same  authors  "find  it  reasonable  to  suppose  that  toxicity  is 
j  referable  to  an  excessive  precipitin  reaction." 

I  The  latter  statement  is  in  direct  line  with  the  conclusion  at  which  Fried- 

I  berger^^  arrived,  namely,  that  precipitation  and    toxicity    are    simply    different 

phases  of  the   same  reaction.     In  other   words  no  differentiation  other   than  a 

purely  quantitative  one  can  be  made  between  [)recii)itation  and  toxic  aml)oceptor. 

This  idea  will  be  more  fully  discussed  with  the  theories  of  serum  toxicity. 

No  one,  of  course,  doubts  any  longer  that  the  so-called  secondary  toxicity 
j  of  serum  is  identical  with  anaphylactic  shock.  Doer  and  Moldovan.  for  in- 
'  stance,  find  that  the  symptoms  following  injection  of  normal  serum  are  not  only 
[externally  but  from  their  very  nature  anaphylactic  in  type;  guinea  i)igs  show 
jthe  typical  Auer-Tewis  phenomena  and  symptoms  can  be  antagonized  through 
the  use  of  atropin. 
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The  relationship  of  this  type  of  serum  toxicity  to  associated  phenomena  is 
well  expressed  by  the  following  quotation  from  Vaughan's  "Protein  Split 
Products.'' 

"It  seems  most  probable  that  anaphylactogens,  agglutinogens,  precipitino- 
gens and  lysinogens  are  identical.  In  other  words  one  group  in  the  protein 
molecule  causes  the  animal  to  develop  a  substance  which,  under  certain  condi- 
tions, may  act  as  an  agglutinin,  precipitin  or  lysin.  We  are  inclined  to  the 
belief  that  the  same  ferment  may,  under  varied  conditions,  act  as  an  agglutinin, 
precipitin,  lysin.  or  it  may  cause  a  deeper  cleavage  of  the  protein  molecule  re- 
sulting in  the  liberation  of  the  protein  poison." 

The  principal  symptoms  accompanying  so  widely  known  a  phenomenon 
are,  of  course,  definitely  known  and  the  accounts  of  various  workers  are  very 
much  the  same  although  dififerences  do  arise  from  the  use  of  dififerent  experi- 
mental animals.  Thfe  most  evident  symptoms  as  described  by  Vaughan'* — less 
concisely  by  Auer  and  Lewis, ^-^  and  Gay  and  Southard,"**  and  Biedl  and  Kraus'^' 
— make  their  appearance  in  three  stages.  The  following  quotation  from 
Vaughan's  "Protein  Split  Products"  is  an  accurate  description  of  the  principal 
facts  available : 

"The  first  stage  is  that  of  peripheral  irritation.  The  animal  is  excited  and 
evidently  itches  intensely  as  is  shown  by  its  attempts  to  scratch  ever}'  part  of 
its  body  that  it  can  reach  with  its  feet.  The  second  stage  is  partial  paralysis. 
The  animal  lies  on  its  side  with  rapid  shallow  and  difficult  breathing.  It  is  dis- 
inclined to  move  and  when  urged  to  do  so  shows  more  or  less  incoordination 
of  movement  and  muscular  weakness,  with  partial  paralysis  especially  observ- 
able in  the  posterior  extremities,  which  it  drags.  Rarely  the  animal  dies  in 
this  stage.  The  third  or  convulsive  stage,  begins  with  throwing  back  the  head 
at  short  intervals.  The  convulsions  become  more  general,  more  frequent  and 
violent,  and  the  animal  having  reached  this  stage,  usually  dies  in  a  convulsion 
or  immediately  following  one.  Expulsion  of  urine  and  feces  is  common  in  the 
convulsive  stage." 

While  the  above  symptom  complex  is  described  in  connection  with  animals 
treated  with  Vaughan's  protein  poison,  it  is  also  an  exact  picture  of  conditions 
arising  from  anaphylactic  shock  produced  in  the  usual  way. 

Observers  are  not  altogether  agreed  as  to  the  autopsy  findings  in  cases  of 
anaphylactic  death.  Gay  and  Southard  were  the  first  to  make  a  thorough  study 
of  this  phase  of  the  question,  and  they  came  to  the  following  conclusions : 

Tissues  of  animals  (guinea  pigs )  examined  during  the  anaphylactic  phase, 
that  is,  during  the  period  of  incubation  between  the  first  and  second  injection, 
show  no  lesions.  However,  the  toxic  phase  is  marked  by  striking  changes. 
Eighty-five  per  cent  of  the  animals  dying  after  the  second  injection,  or  being 
killed  within  twenty-four  hours  thereafter,  show  macroscopic  hemorrhage  in 
one  or  more  organs.  The  stomach  leads  in  frequency  of  involvement  (55  per 
cent)  and  the  lungs  come  next  in  order  (40  per  cent).  Other  localizations  of 
hemorrhage  are  to  be  found  in  the  brain  spinal  cord  and  peritoneum.  Hemor- 
rhage is  associated  with  widespread  fatty  degeneration  of  capillary  endothelial 
cells,  heart  muscle.  i:»eripheral  nerves,  voluntary  muscle  and  gastric  epithelium. 

Rosenau  and  Anderson''^  found  congestion  and  sometimes  hemorrhage,  but 
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they  say  that  these  lesions  are  not  always  apparent  and  are  not  specific.     Furth- 
ermore, they  were  unable  to  demonstrate   fatty  degeneration. 

Auer  and  Lewis  studied  the  lung  picture  at  autopsy  and  found  the  lungs 
greatly  distended  and  filling  the  entire  thoracic  cavity.  On  opening  the  chest 
the  lungs  failed  to  collapse  and  even  on  section  showed  no  decrease  in  disten- 
tion. The  alveoli  and  air  cells  were  filled  with  air  imprisoned  by  the  tetanic 
contraction  of  the  muscles  of  the  bronchioles.      Slight  edema  was  also  noted. 

V'aughan.  in  using  his  protein  poison,  which  he  has  demonstrated  as  being 
identical  with  the  anaphylactic  poison,  finds  that  in  the  pure  state  parenteral  in- 
jection of  the  poison  causes  no  lesions  of  the  kind  described  by  Gay  and  South- 
hard,  but  if  an  incompletely  purified  product  is  used,  intense  hemorrhagic  peri- 
tonitis results. 

The  findings  of  Gay  and  Southard,  as  well  as  Auer  and  Lewis,  were  con- 
firmed by  Biedl  and  Kraus,  and  it  is  to  the  latter  that  we  owe  the  most  satis- 
factory demonstration  of  the  mechanism  of  anaphylactic  shock. 

As  might  be  expected,  Gay  and  Southard,  being  the  first  to  describe  the 
lesions  associated  with  anaphylactic  shock,  immedately  concluded  that  these  were 
the  direct  cause  of  death.  On  this  basis  they  held  that  the  respiratory  symptoms 
were  due  to  a  lesion  at  the  respiratory  center,  the  same  reasoning  applying  to  the 
other  symptoms  as  well. 

Rosenau  and  Anderson,  while  differing  with  Gay  and  Southard  in  the  matter 
of  the  gross  lesions,  agree  that  death  must  come  from  primary  involvement  of 
the  respirator^'  center.  To  quote  from  their  own  report :  "It  is  suggested  that 
the  essential  lesion  of  serum  anaphylaxis  is  localized  in  the  respiratory  center." 

Auer  and  Lewis  disagree  with  these  views  and  offer  as  evidence  the  fact 
that  typical  anaphylactic  death  can  be  induced  in  guinea  pigs  even  after  section 
of  the  vagi  and  sympathetic,  thus  showing  that  involvement  of  the  respiratory 
center  of  the  medulla  is  an  unnecessary  assumption  in  explaining  the  phenome- 
non. 

The  adherents  to  the  colloidal  theon,'  of  the  nature  of  anaphylactic  phe- 
nomena, among  whom  may  be  mentioned  Zangger,*"  Novy^'  and  others  hold 
that  the  mechanism  involved  is  simply  one  of  colloidal  displacement  in  the  body 
plasma,  no  special  localized  area  being  assumed. 

As  stated  above,  the  interpretation  of  Biedl  and  Kraus  is  in  some  ways  the 
simplest  and  most  convenient.  They  find  that  in  dogs  fall  of  blood  pressure  is 
a  characteristic  and  constant  result  of  reinjection,  and,  furthermore,  that  the 
fall  in  pressure  parallels  the  progress  of  the  symptoms.  Accompanying  this 
drop  there  is  an  increase  in  heart  rate ;  this  leaves  open  only  one  interpretation 
— the  fall  in  ])ressure  is  the  result  of  great  peripheral  vasodilation.  It  follows. 
therefore,  that  anaphylactic  shock  must  express  itself  at  least  parily  through 
vasodilation.  Kxperiments  made  by  stimulating  both  cential  and  iicriplu'ral 
nervous  system  failed  to  bring  about  a  rise  of  pressure,  and  adrenalin,  which 
ordinarily  causes  great  vasoconstriction,  proved  of  \cry  little  or  no  aid;  as  this 
drug  is  known  to  act  on  the  peri])heral  nervous  apparatus  in  the  \cssel  walK.  it 
was  concluded  that  the  vasodilation  of  ana])hylactic  shock  was  due  to  the  paral- 
ysis of  the  perij)heral  vasomotor  ajji)aratus.  This  explains  \\h\  -'tinuilation  ot 
either  the  vasomotor  nerves  or  vasomotor  center  tailed  to  produce  a  ri^e  in  pres- 
sure.    A  furtlier  jiroot'  of  the  prol)aliilit\   of  this  view    is  found  in  the  fact  that   if 
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barium  chloride  is  administered  before  the  second  injection  the  blood  pressure 
fall  is  avoided,  and  this  salt  is  known  to  act  directly  on  the  smooth  muscles  of 
the  vessel  walls  causing  vasoconstriction.  Having  established  the  fact  that  the 
fall  of  pressure  is  a  constant  phenomenon  in  connection  with  anaphylaxis  the 
authors  conclude  that  the  other  symptoms  are  easily  explained  on  this  basis. 
Fall  in  pressure  results  in  brain  anemia,  and  as  a  direct  consequence  of  the 
]a,tter  various  symptoms  of  conxulsion,  paralysis,  etc.,  are  called  out.  However, 
this  admirably  convenient  and  simple  conception  fails  to  take  into  account  the 
Auer  and  Lewis  experiment  of  the  cut  vagi  and  sympathetics  referred  to  above. 

We  have  now  considered  the  development  of  ideas  concerning  the  nature 
of  the  phenomenon  of  serum  toxicity,  its  relation  to  associated  phenomena,  its 
external  and  postmortem  manifestations,  and  the  ideas  concerning  the  mechanism 
of  symptom  production.  All  that  now  remains  is  to  discuss  the  theories  as  to 
the  basic  causes  underlying  these  things. 

Any  discussion  of  the  cause  of  a  phenomenon  must  take  into  account  the 
conditions  met  with  and  the  influence  they  are  likely  to  have  on  the  final  result. 
Von  Eisler^^  has  worked  with  the  effect  of  salts  and  nonelectrolytes  on  lytic 
poisons  and  in  the  report  of  his  work  has  given  a  rather  comprehensive  concep- 
tion of  the  conditions  and  media  in  and  through  which  a  poison  must  act  if  it  is 
to  produce  an  effect.  He  holds  that  the  permeability  of  membranes  is  closely 
associated  with  the  toxic  action  of  all  substances.  Such  membranes  being  col- 
loidal they  are  influenced  by  widely  different  factors,  among  which  may  be 
mentioned  friction  and  temperature  and  the  closely  related  factor  of  diffusion 
rate.  Besides  these,  surface  tension  and  the  production  of  electrical  potential 
must  be  considered. 

In  biological  reactions  we  deal  with  colloids,  crystalloids  and  electrolytes 
which  are  not  independent  but  to  a  very  large  extent  interactive  and  interdepen- 
dent, and  these  substances  in  turn  react  with  the  highly  complex  structure  of 
the  cell  plasma.  The  interaction  of  all  these  things  is  conditioned  by,  and  de- 
pendent upon,  the  state  of  the  colloids  making  up  the  cell  membrane'.  From 
this  statement  of  von  Eisler  it  can  readily  be  seen  that  the  poisonous  reaction  of 
a  serum  may  be  a  highly  complicated  process,  a  fact  which  it  is  well  to  bear  in 
mind  in  considering  the  theories  which  various  workers  have  advanced  to  ac- 
count for  serum  toxicity. 

The  various  theories  of  anaphylactic  reactions  and  secondary  serum  tox- 
icity can  be  grouped  in  two  main  classes.  On  the  one  hand  we  find  a  group  of 
men  who  maintain  that  all  the  facts  can  be  explained  on  the  basis  of  physical 
or  colloidal  changes,  and  on  the  other  we  find  a  group  that  supports  the  idea 
of  true  poison  involvement. 

In  the  first  volume  of  the  Zeitschrift  fi'ir  Iinuninitatsforschung  there  ap^- 
pears  an  article  by  Zangger*°  in  which  immunity  reactions  are  discussed  from 
the  standpoint  of  physical-colloidal  changes.  The  following  is  a  brief  statement 
of  the  essential  points  brought  out : 

The  substances  entering  into  immunity  reaction  are  colloids,  and  for  this 
reason  such  reactions  take  place,  not  between  homogeneous  systems,  but  be- 
tween colloidal  systems.  Thus  colloids  and  colloidal  reactions  form  the  basis 
of  the  following  changes:     (1)   separation  processes  such  as  precipitation  and 
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agglutination,  (2)  processes  of  the  opposite  order,  namely,  lysis,  solution,  dis- 
persion and  increasing  affinity  of  colloids  for  the  media.  The  colloidal  theory 
tries  to  explain  the  immunity  and  related  reactions  on  the  basis  of  these  phe- 
nomena. 

First  of  all  the  writer  holds  that  the  chemical  view  of  the  nature  of  these 
reactions  is  not  justified,  because  the  chemistry  of  the  process  is  absolutely 
imknown  at  the  present  time  and,  as  he  says,  without  this  a  chemical  theory 
is  untenable,  furthermore,  to  his  mind,  the  chemical  explanation  does  not  cover 
all  the  facts. 

The  fundamental  points  of  the  colloidal  theory  are  as  follows : 

1.  The  speed  of  a  reaction  is  conditioned  by  the  rate  of  passage  between 
colloidal  phases. 

2.  Equilibrium  depends  upon  the  distribution  of  the  different  phases,  and 
upon  the  state  and  character  of  the  limiting  membrane. 

3.  The  extent  of  the  phases  and  the  limiting  membranes  are  of  importance. 
These  laws  are  not  only   fundamental  to  the  theory   under   consideration, 

but  to  the  whole  subject  of  colloidal  reactions  as  well.  This  parallel  is,  there- 
fore, taken  as  an  argument  in  favor  of  the  theory,  and,  furthermore,  the  laws 
known  to  govern  the  behavior  of  immune  bodies  under  varying  conditions  of 
concentration  and  temperature,  as  well  as  those  having  to  do  with  the  influence 
of  electrolytes,  light,  shaking,  etc.,  seem  to  bear  out  this  contention,  at  least  to 
a  certain  extent. 

From  synthetic  experiments  the  author  also  finds  confirmation  of  his  views. 
For  instance,  he  finds  that  two  colloids  which  independently  have  identical  ac- 
tions, when  placed  together  do  not  combine  their  actions  in  the  manner  of  a 
summation.  In  fact,  one  may  actually  neutralize  the  other.  The  degree  of 
summation  or  neutralization  depends  on  the  relative  concentration  of  the  two 
substances.  Besides  this  he  finds  that  the  course  of  such  reactions  is  identical 
with  that  of  immunity  processes.  Perhaps  the  most  important  of  his  synthetic 
colloid  experiments  are  those  in  which  he  is  able  to  substitute  prepared  colloids 
for  the  active  substances  in  immunity  reactions.  Thus  he  says,  "Known  col- 
loidal substances  reproduce  in  many  instances  the  scale  of  immunity  reactions. 
Lipoids,  particularly  cholestrin  in  suspension  in  water,  have  an  antitoxic  action 
for  toxins  of  such  diverse  origin  as  tetano  toxin,  tetano  lysin,  poison  of  bees, 
snakes,  etc.  Furthermore,  many  serums  complemented  with  soaps  give  reaction 
characteristic  of  normal  serums — heat  liability,  etc." 

The  scope  of  this  theory,  as  well  as  its  essential  character,  is  given  in  the 
following  classification  of  processes  which  he  regards  as  being  of  purely  col- 
loidal nature: 

1.  Changes  in  membrane  permeability,  such  as  thickening,  hardening,  death 
due  to  alteration  in  substances  transmitted,  permeability  resulting  from  the  above, 
local  destruction,  such  as  opsonin  action  and  phagocytosis,  diffuse  solution,  such 
as  lysis,  etc. 

2.  Disturbances  of  cohesion — local  destruction,  dissolution  of  membrane, 
such  as  opsonin  action  and   phagocytosis;  solution,  lysis. 

The  colloidal  theory  theti,  with  its  assumption  of  chango  in  liio  physical 
state  of  membranes   and   jilasma   through   dislurbamc   and    (lisplaconuMit    of   col- 
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loids,  embraces  all  the  phenomena  of  precipitation,  agglutination,  opsonin  ac- 
tion, phagocytosis  and  lysis.  The  work  of  Novy  and  his  associates  which  treats 
the  phenomenon  of  anaphylaxis  from  the  same  angle,  will  now  be  considered. 

The  first  observations  were  made  in  connection  with  anaphylatoxins  and 
for  these  experiments  agar,  produced  each  time  with  definite  technic,  was  used, 
since  it  was  found  that  if  physical  conditions  and  the  time  element  were  not 
carefully  taken  into  account  the  resulting  product  gave  varying  and  unsatis- 
factoiy  results.  This  agar  suspension  was  incubated  with  rat  serum  and  in- 
jected into  a  guinea  pig  and  it  was  found  that  0.25  c.c.  killed.  However,  if  this 
same  substance  was  injected  into  a  rat  to  the  amount  of  15  c.c,  no  poisonous 
action  could  be  demonstrated.  This  latter  point  is  of  importance  from  the 
standpoint  of  the  theor}-. 

There  was  some  reason  to  believe  that  by  the  incubation  a  ferment  had 
been  produced  which  was  responsible  for  the  action.  To  test  this  the  serum 
was  centrifuged  and  the  clear  homogeneous  liquid  was  again  injected,  with  the 
same  result.  This  showed  that  if  a  ferment  was  present  it  must  be  a  liquid, 
not  a  substance  in  solution.  However,  if  such  a  ferment  were  present,  progres- 
sive action  in  poison  production  should  be  noted  and  might  be  indicated  by  a 
fermentation  curve.  Successive  toxicity  tests  brought  out  the  surprising  fact 
that  toxicity  did  not  steadily  increase,  but  appeared  and  disappeared  at  regular  in- 
tervals, first  rising  to  a  maximum  and  then  falling  off  again  to  zero,  the  oscil- 
lations covering  a  period  of  about  thirty  minutes.  Such  a  curve  corresponds 
exactly  with  what  is  known  as  the  colloidal  periodicity  curve.  In  the  case  of 
normal  rabbit  serum  injected  into  guinea  pigs,  the  significant  observation  was; 
made  that  the  addition  of  water  tremendously  increased  the  toxic  action. 

Since  it  was  possible  to  produce  a  poison  from  agar  in  vitro  the  attempt 
was  made  to  call  forth  the  production  of  a  similar  poison  in  vivo.  For  some 
time  attempts  in  this  direction  failed,  but  here,  too,  results  w^ere  finally  obtained, 
it  simply  being  a  question  of  getting  the  agar  in  the  proper  state  before  use.. 
This  experiment  demonstrated  beyond  a  doubt  that  anaphylactic  shock  could 
be  produced  in  animals  which  had  never  been  sensitized.  This  same  phenom- 
enon was  shown  by  Vaughan  in  connection  with  his  protein  poison  and  may 
perhaps  have  a  bearing  on  the  subject  of  the  primary'  toxicity  of  serums. 

Probably  the  most  striking  outcome  of  these  experiments  was  the  produc- , 
tion  of  nonspecific  anaphylactic  shock.  The  immune  serum  of  a  spirochete  rati 
was  applied  to  the  organisms  in  low  dilution  (1:10)  and  agglutination  took 
place.  Later  however,  the  organisms  became  active  again.  Tests  were  made 
with  high  dilutions  (1:5000)  and  it  was  found  that  the  organisms  instantly 
showed  great  agitation  and  underwent  almost  immediate  lysis.  It  seemed  not 
improbable  that  some  such  phenomenon  might  be  concerned  in  anaphylaxis. 
To  test  this  out,  a  sensitized  and  a  control  animal  were  each  injected  with 
14  c.c.  of  distilled  water  and  it  was  found  that  the  sensitized  animal  died  of 
acute  anaphylactic  shock,  while  the  normal  animal  showed  no  ill  effects.  Thisj 
then,  constituted  nonspecific  anaphylactic  shock,  a  phenomenon  hitherto  un-' 
known.  To  confirm  this  result,  attempts  were  made  to  reproduce  the  reaction 
in  vitro,  and  these  met   with   immediate   success,   as  it   was   shown   that  poison' 
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was  produced   from  serum   and   distilled   water   in   a   powerful   manner   and   at 
tremendous  speed  provided  the  dilutions  were  right. 

The  theory  advanced  to  explain  these  results  is  as  follows :  Colloidal  sub- 
stances are  born  to  function  within  certain  limits.  If  anything  is  done  to  dis- 
place them  permanently  beyond  their  normal  limits  death  follows.  Thus  Novy 
holds  that  proteins  may  exist  in  the  aggregate,  in  colloidal  suspension  or  in  dis- 
persion, and  if  a  protein  normally  functioning  in  colloidal  suspension  is,  for 
any  reason,  driven  beyond  the  limits  where  a  colloidal  state  is  possible  and  re- 
mains there  for  any  length  of  time,  death  results.  A  rebound  to  the  first 
position  usually  takes  place,  and  if  this  occurs  before  the  animal  has  sufi^ocated, 
recovery  takes  place.  In  such  instances,  moreover,  there  is  often  a  secondary 
rebound  shown  in  a  secondary  anaphylactic  .shock  of  a  mild  nature  following 
the  severe  but  nonfatal  symptoms  of  the  first.  Such  reactions  are  probably  all 
in  the  direction  of  dispersion,  and  sensitization  consists  in  a  partial  colloidal 
displacement  which  on  the  second  injection  is  rendered  complete. 

Anaphylatoxin,  then,  is  not  a  poison,  but  a  physical  state  according  to  this 
view,  and  "it  is  possible  to  use  anything  under  the  sun  and  kill  animals  simply 
by  altering  the  arrangement  of  the  serum." 

While  the  above  views  are  maintained  by  some  of  the  present  workers, 
the  majority  hold  to  the  idea  that  specific  poisonous  substances  are  involved. 
This  conception  of  the  phenomenon  was  really  the  first  to  be  advanced,  and 
like  all  other  theories  has  gone  through  a  series  of  evolutionary  changes  as  a 
result  of  the  addition  of  new  facts  from  time  to  time. 

One  of  the  first  theories  in  this  connection,  long  since  discarded,  was  that 
of  Hamburger  and  Moro  who  supposed  that  the  first  injection  called  forth  the 
production  of  precipitins  and  these  on  the  second  injection  formed  precipitates 
which  interfered  with  the  pulmonary^  circulation.  This  theory  is  in  the  same 
class  with  those  advanced  in  connection  with  defibrinated  blood  transfer  and 
falls  to  the  ground  principally  because  the  symptoms  produced  are  not  of  the 
type  that  might  be  expected  from  the  presence  of  capillary  emboli  and  further- 
more no  such  emboli  can  be  demonstrated. 

The  theory  of  Gay  and  Southard  is  of  a  dift'erent  nature  and,  while  not  gener- 
ally credited,  still  has  its  supporters.  These  observers  briefly  state  their  views 
as  follows : 

"It  is  clear  that  sensitization  of  guinea  pigs  to  horse   serum   is  as.sociated 

1    with  the  persistence  of  an  unneutralized  portion  of  the  serurn  in  the  sensitized 

I    animal  and  that   the   intoxication   is   due  to   some  condition   of   the   body   cells 

which   renders   them   particularly    susceptible    to    those    portions    of    the   serum 

!    which  have  already  been  eliminated  from  the  first  dose." 

i  In  other  words,  a   remnant  of   the  first   injection,  "anapliylactin."   remains 

j    in  the   blood  of  the   sensitized   animal,   undigested   and   unchanged.      This    sub- 
1    stance,   which   may   be   transferred    from   animal    to   animal,    producing   passive 
anaphylaxis,  brings  about  a  condition  of  hypcrrecepti\ily  or  hypersusceptiiiilit\- 
of  the  body  cells  for  the  homologous  i)rotein  and   on   the  second   injection   the 
Violent  interaction  of  these  two  factors  causes  the  s\niptom>  and  dratli. 

Richet   thought   that   a   substance   in   protein'  matter,   "congeslin,"    when    in 
jected  into  an  animal  called  forth  the  formation  of  "toxogenin"  in   the  animal 
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body.  The  second  injection,  carrying  with  it  a  second  quantity  of  congestin, 
reacted  with  the  toxogenin  and  produced  a  poison  "apotoxin,"  which,  acting 
essentially  as  a  nerve  poison,  produced  anaphylaxis.  This  theory  is  a  close 
approximation  to  the  more  completely  worked  out  and  thoroughly  understood 
theory  of  Vaughan  and  Wheeler,  to  be  presented  later.  Whereas  this  theory 
imagines  hypothetical  and  entirely  unknown  substances,  that  of  the  authors'*- 
mentioned  presents  fairly  definite  chemical  groups  which  have  not  only  been 
isolated,  at  least  partly,  but  concerning  whose  chemical  reaction  many  facts 
are  known. 

Bresredka  thought  that  serum  protein  matter  contained  two  substances 
which  are  active  in  producing  anaphylaxis.  During  the  period  of  incubation  a 
substance  called  "sensibilogen"  calls  forth  the  production  of  "sensibilisin"  by 
the  body  which  at  the  time  of  the  second  injection  reacts  with  the  other  pro- 
tein substance,  "antisensibiHsin,"  to  form  a  poison  which  acts  in  the  central 
nervous  system. 

In  1909,  Friedberger*"  advanced  his  theory  of  sessile  receptors.  He  thought 
that  at  the  first  injection  precipitins  were  formed  which,  not  being  produced  in 
large  quantities,  remained  attached  to  the  cells  as  sessile  precipitins.  On  the 
second  injection  these  sessile  precipitins  were  thought  to  react  with  the  foreign 
proteins  and  produce  anaphylaxis.  The  primary  assumption  of  this  theory  of 
course  was  that  a  relationship  existed  between  precipitins  and  anaphylaxis,  a 
supposition  which  he  explained  by  saying  that  the  use  of  a  large  first  injection 
caused  the  production  of  a  large  number  of  precipitins,  of  which  some,  from 
their  very  number,  were  detached  from  the  cells  and  functioned  as  free  pre- 
cipitins. These  free  precipitins,  he  thought,  were  the  cause  of  precipitate  for- 
mation, whereas  the  sessile  precipitins  caused  anaphylaxis.  This  interesting 
theory  has  been  abandoned,  partly  on  the  ground  of  work  done  by  its  originator. 

Two  years  later  the  same  observer**  found  that  by  digesting  precipitates 
with  normal  serum  he  was  able  to  produce  a  powerful  poison  which  he  called 
"anaphylatoxin,"  a  piece  of  work  very  similar  to  that  of  Friedmann  in  connec- 
tion with  blood  corpuscle  digestion.  This  poisonous  substance  was  at  once 
thought  to  be  the  true  poison  of  anaphylaxis,  and  it  seemed  as  though  the 
problem  of  hypersensitization  and  anaphylaxis  had  been  definitely  solved.  It 
soon  became  evident,  however,  that  Friedberger's  discovery  had  been  credited 
with  too  wide  a  significance,  for  it  was  learned  from  the"^  work  of  Bresredka 
and  others  that  anaphylatoxins  could  be  produced  just  as  well  from,  for  in- 
stance, starch  and  agar  as  from  precipitates.  This,  of  course,  necessitated  the 
discard  of  this  theory  as  an  explanation  of  anaphylaxis. 

Perhaps  the  best  known  and  most  widely  credited  theory  of  anaphylaxis  at 
the  present  time  is  that  of  Vaughan  and  Wheeler,*^  advanced  in  1907,  and  dif- 
fering from  the  Friedberger  hypothesis,  which  it  preceded  by  two  years,  in  that 
it  is  based  on  known  facts  capable  of  chemical  verification.  These  observers 
had  found  that  by  cleaving  the  protein  molecule  with  dilute  alkali  in  absolute 
alcohol  they  were  able  to  separate  a  poisonous  and  a  nonpoisonous  part  from 
proteins  of  the  most  diverse  origin.  The  poisonous  part  was,  as  far  as  could  be 
determined,  identical  in  every  case,  whereas  the  nonpoisonous  parts  were  not| 
the  same  but  proved  to  be  characteristic  of  the  particular  protein  from  which' 


TOXICITY   OF    HETEROLOGOUS    AND    HOAfOEOGOUS    SERUMS  549 

they  were  derived.  This  led  to  the  conception  that  the  protein  molecule  was 
made  up  of  a  nucleus  or  "archon"  which  was  identical  in  all  proteins  and  to 
which  the  secondary  groups  characteristic  of  each  protein  were  attached. 

Experiments  made  with  the  substances  thus  isolated  gave  interesting  re- 
sults. It  was  found  that  the  injection  of  the  poisonous  part  was  highly  fatal 
to  experimental  animals  and  that  it  killed  with  identical  symptoms  in  all  cases. 
Sensitization  with  this  substance  proved  impossible  and  immunity  could  not  be 
established.  The  nonpoisonous  part  gave  rise  on  injection  to  phenomena  of  a 
wholly  different  order — it  sensitized  and  was  specific  to  the  protein  from  which 
it  had  been  derived,  that  is,  it  sensitized  only  to  the  homologous  protein. 

This,  then,  constituted  a  separation  of  sensitizing  and  anaphylactic  sub- 
stances, and  demonstrated  that  the  two  substances  were  not  identical.  This 
had  been  suggested  by  previous  observations  and  later  work  has  brought  ad- 
ditional confirmation.  Thus  Bresredka  showed  that  serum  heated  to  50^  to 
60°C.  lost  its  toxic  property,  but  retained  its  ability  to  sensitize  up  to  a  tem- 
perature of  120°C. 

Gay  and  Adler**'  separated  the  sensitizing  and  toxic  portions  by  fractional 
precipitation  with  (  NH^)^  SO4.  One-third  saturation  gave  the  euglobulin  frac- 
tion which  was  highly  sensitizing  but  atoxic  in  its  effect  on  animals,  while 
the  product  from  the  two-thirds  saturation  gave  a  product  which  was  at  once 
sensitizing  and  toxic. 

Kraus  and  Volk'*'  found  that  heating  serum  at  160°C.  for  ten  minutes  de- 
stroyed the  thermolabile  toxic  substance  so  that  the  serum  was  no  longer  able  to 
produce  anaphylactic  shock,  but  the  same  serum  was  still  able  to  sensitize. 

The  next  step  in  the  development  of  the  theory  was,  of  course,  the  inves- 
tigation of  these  poisonous  and  nonpoisonous  substances.  This  work  was  car- 
ried out  with  great  thoroughness  and  a  large  number  of  reactions  were  worked 
out  for  both  substances.  Chief  among  these  were  the  protein  color  reactions, 
though  the  nonpoisonous  part  was  shown  to  respond  to  the  Molisch  test  for 
carbohydrates.  These  researches  left  little  room  for  doubt  that  the  essential 
sensitizing  and  anaphylactic  substances  of  serums  were  protein  in  nature,  and 
this  conclusion  was  indirectly  substantiated  by  the  positive  and  negative  findings 
of  other  workers  in  the  field. 

Doer  and  Russ*-  concluded  as  a  result  of  their  studies  in  anaphylaxis  that 
the  sensitizing  and  toxic  portions  were  associated  with  the  globulins, — albu- 
mins, albumoses,  and  peptones  being  totally  inactive. 

Pick  and  Youmanouchi*''  obtained  inconclusive  results  with  serum  Hpoids  as 
anaphylactogens.  They  found  that  single  injections  of  such  lipoids  gave  no 
sensitization,  either  active  or  passive,  to  subsequent  injections  of  normal  serum 
but  that  by  repeated  injections  of  normal  serum  lioth  types  could  be  produced. 
The  negative  result  of  .Sloeswijk"  in  atteini)ling  to  establish  the  serum 
lipoids  as  the  poisonous  group  respf)nsible  for  anaphylaxis  further  strengthens 
Vaughan's''^  view.  He  worked  with  alcoihol  extracts  of  serum  and  found,  to 
quote  from  his  own  report,  tliat  "scrum  bpoids  arc  indilVcrcMU  tor  sensitive 
animals.  That  portion  of  the  serum  which  is  insoluble  in  alcohol  is  practically 
without  toxic  effect  and  acts  as  a  vaccine." 

That   the   sensitizing  and   toxic   groups   are   not    identical    can    no    longer   be 


550  THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

doubted,  but  contrary  to  the  views  of  most  others,  Vaughan  and  Wheeler  deny 
that  a  mixed  protein  is  necessary  to  produce  the  phenomena  of  anaphylaxis. 
They  hold  that  the  sensitizing  and  toxic  portions  are  simply  different  groups  of 
the  same  molecule,  not  actually  separate  substances. 

These  facts  are  the  basis  of  the  theory  which  follows — a  theor}^  whose 
consideration  has  been  reserved  until  the  last  because  it  has  suffered  the  least 
from  adverse  criticism  and  covers  most  of  the  points  which  others  either  fail 
to  include  or  explain  indefinitely  and  from  pure  hypothesis. 

"In  experimental  anaphylaxis  the  first  injection  introduces  into  the  body 
a  foreign  protein.  This  must  be  digested  and  the  body  cells  slowly  elaborate  a 
specific  proteolytic  ferment  which  slowly  digests  it.  In  doing  this  certain  body 
cells  acquire  a  new  function.  The  protein  of  the  first  injection  is  slowly  di- 
gested, usually  without  the  development  of  recognizable  effects.  .  .  .  After 
the  protein  of  the  first  injection  has  been  disposed  of,  the  new  ferment  in  the 
form  of  a  zymogen  continues  to  be  formed  in  the  cells  and  on  the  second  in- 
jection, after  the  proper  interval,  this  zymogen  is  activated  and  splits  up  the 
protein  so  promptly  and  so  abundantly  that  the  liberated  poison  induces  the 
symptoms  of  anaphylactic  shock." 

It  is  wholly  beyond  the  scope  and  aim  of  this  paper  to  distinguish  between 
the  two  great  schools  of  anaphylactic  theory  whose  development  and  essential 
conceptions  have  been  herewith  outlined.  The  question  has  been  and  still  is 
open,  and  further  investigation  alone  can  determine  which  is  correct  and  ten- 
able in  the  last  analysis. 

SUMMARY. 

Serum  toxicity,  in  its  broadest  sense,  involves  two  types  of  phenomena, — • 
primary  toxicity  and  serum  anaphylaxis. 

Primary  toxicity  is  due  to  a  heat  sensitive  toxin  independent  of  hemolysins, 
precipitins,  agglutinins  and  anaphylactins. 

In  anaphylaxis  the  substance  called  forth  by  the  parenteral  injection  of  the 
sensitizing  dose  may  under  varied  conditions  act  as  an  agglutinin,  precipitin, 
lysin,  or  anaphylactin  since  it  is  probable  that  the  same  element  is  concerned 
in  all  cases. 

The  symptoms  of  anaphylaxis  are  practically  identical  in  every  case  for 
animals  of  the  same  species.     The  symptoms  vary  in  different  species. 

Reports  on  autopsy  findings  in  cases  of  anaphylactic  death  do  not  wholly 
agree. 

The  mechanism  of  anaphylactic  symptom  production  is  still  a  matter  of 
theory. 

Two  schools  of  thought  as  regards  the  theory  of  anaphylaxis  exist  at  the 
present  time:  the  physical  colloidal  theory,  and  the  theories  of  true  anaphy- 
lactin involvement.  Each  has  its  strong  claims  so  that  the  question  of  which 
is  correct  is  still  open. 
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CONCERNING  THE  CHEMISTRY  OF  PERNICIOUS  ANEMIA 


By  Theodore  L.  Squier,  Ann  Arbor,  Mich. 


IDIOPATHIC  pernicious  anemia  is  by  some  considered  essentially  a  disease 
of  the  gastrointestinal  tract,  involving  atrophy  of  the  mucosa  and  absorption 
either  of  enterogenous  poisons  or  protein  split  products.  By  others  it  is  con- 
sidered a  disease  due  to  the  hemolytic  action  of  toxins  elaborated  in  disease 
processes,  and  still  others  believe  hypersplenism  to  be  the  causal  factor. 

Cederburg^  holds  that  theoretically,  at  least,  we  can  assume  that  by  constant 
parenteral  splitting  of  proteins  and  the  entrance  of  split  products  into  the  blood 
stream  a  condition  can  arise  which  leads  to  a  severe  pernicious  anemia.  He 
calls  attention  to  the  similarity  of  the  clinical  findings  in  pernicious  anemia 
with  those  of  anaphylaxis  and  poisoning  by  protein  split  products.  Assuming 
a  constitutional  weakness  of  the  alimentary  canal  (constitutional  predisposition 
of  Schauman)  a  slight  destructive  process  of  the  intestinal  mucosa  would  be 
sufficient  to  break  down  the  barricade  against  foreign  proteins.  A  small 
amount  of  slightly  changed  protein  could  then  pass  into  the  blood  stream  and 
sensitize  the  organism  against  various  foodstuffs.  Eventually  the  individual 
becomes  sensitized  to  practically  all  protein  foods,  so  that  after  each  meal  partly 
changed  albumoses  pass  through  the  mucosa,  and  are  quickly  broken  down  with 
liberation  of  protein  poison.  These  split  products  have  been  shown  to  be  not 
only  hemolytic,  but  to  act  as  a  strong  stimulus  to  the  hematopoietic  organs 
(Schittenhelm,  \\'eichard  und  Grisshamer-).  Furthermore,  in  protein  poison- 
ing or  anaphylaxis,  severe  destruction  of  the  intestinal  mucosa  has  been  ob- 
served by  Schittenhelm  and  Weichard,^  Richet,'*  Manwaring,''  and  Edmunds.^ 
Having  once  become  permeable,  a  vicious  circle  is  instituted.  The  intestine 
permits  increasingly  large  amounts  of  unbroken  protein  to  leak  through,  with 
the  result  that  there  is  an  increasing  liberation  of  protein  poison  and  conse- 
quently greater  hemolysis ;  marked  stimulation  of  the  bone  marrow,  and  a 
pernicious  anemia  picture  of  progressively  increasing  severity.  While  Ceder- 
burg^  regards  the  intestinal  canal  as  perhaps  the  usual  source  of  the  protein 
products,  he  calls  attention  to  the  fact  that  in  diseases  of  any  kind  where  there 
is  tissue  and  organ  destruction  an  anemia  can  arise  resembling  in  every  respect 
the  classic  cryptogenic  form.  For  example,  the  anemia  of  pregnancy  is  quite 
probably  due  to  the  liberation  of  protein  split  products.  That  protein  poisons 
do  play  an  active  role  in  the  disturbances  accompanying  pregnancy  is  an  ac- 
knowledged fact.  Eclampsia,  for  example,  is  undoubtedly  due  to  anaphylaxis 
(Weichard^).  The  anemia  of  lues,  of  malaria,  and  of  tuberculosis  may  all 
be  attributed  to  the  action  of  protein  poisons  liberated  through  tissue  destruc- 
tion. The  presence  of  intestinal  parasites  such  as  uncinaria,  taenia  saginata 
an'l  especially  bothriocephalus  latus  may,  where  there  is  already  a  predisposi- 
tion to  weakness  of  the  mucosa,  suffice  to  set  the  anemic  process  in  motion. 
Another  causal  (auslosender)  factor  of  importance  is  chronic  inflammation  of 
the  intestine  which  very  quickly  causes  a  mucosa  already  constitutionally  weak 
to  become  permeable  to  incompletely  digested  proteins.     Protracted  or  chronic 
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anaphylaxis  leads,  Cederburg  thinks,  to  an  antigen-antibody-complement  reac- 
tion, whereby  a  very  different  poison  is  set  free.  Or,  if  one  uses  the  terminolog}' 
of  Vaughan,  a  ferment  is  elaborated  which  tears  down  the  foreign  protein  or 
substrate  and  liberates  the  toxic  element.  The  poison  acts  indirectly :  first 
through  the  liver  and  secondarily  through  the  intestine  (Manwaring^)  in  pro- 
ducing anemia.  It  must  be  assumed  that  in  the  portal  system  parenteral  protein 
digestion  occurs,  and  protein  poison  is  here  produced  which  exei'ts  its  hemolytic 
action  on  the  red  cells. 

The  peculiar  remission  periods  are  homologous,  Cederbui-g^  thinks,  with 
the  anallergic  phenomena  of  anaphylaxis.  After  severe  anaphylactic  shock 
(clinically  comparable  to  extreme  intoxication)  an  animal  is  refractory  for  a 
certain  period  against  the  specific  protein.  The  anallergic  condition  comes  on 
suddenly  and  manifests  itself  as  a  blood  crisis.  Erythrocyte  destruction  ceases 
together  with  the  attendant  overstimulation  of  the  hematopoietic  organs.  Con- 
sequently the  bone  marrow  begins  to  exert  its  normal  activity  and  the  rapid  im- 
provement in  the  blood  picture  is  made  clear.  Vaughan^  regards  the  antiana- 
phylactic  state  as  due  simply  to  the  development  of  tolerance.  To  enter  into  a 
discussion  of  the  theories  regarding  antianaphylaxis  would  carry  us  far  beyond 
the  scope  of  our  subject.  Whatever  the  actual  mechanism  of  the  process  may 
be,  the  anallergic  state  passes  once  more  into  that  of  allerg}^  and  again  the 
protein  poison  exerts  its  deleterious  action.  This  cycle  of  remission  and  recidive 
repeats  itself  imtil  the  hematopoietic  system  is  exhausted. 

In  connection  with  the  subject  of  protein  split  products,  some  of  the  phe- 
nomena seen  in  pernicious  anemia  of  horses  are  worthy  of  note.  From  the 
stomachs  of  horses  suffering  with  the  disease,  larvae  of  a  fly  (Qistridre)  have 
been  obtained  from  whose  bodies  an  exceedingly  active  thermostabile  toxin, 
cestrin,  has  been  isolated.  Injection  of  oestrin  into  the  blood  of  healthy  horses 
causes  an  anemia  resembling  in  all  respects  the  typical  horse  pernicious  anemia. 
If  blood  plasma  from  horses  sick  with  the  disease  is  injected  into  healthy  ones, 
the  infection  is  transmitted  and  pernicious  anemia  results.  In  this  latter  case, 
however,  the  poison  element  is  thermolabile,  and  heating  for  one  hour  at  58° 
destroys  its  virulence.  Seyderhelm'''  ^"'  "-  ^'-  found  the  so-called  virus  in  the 
blood  serum,  urine  and  feces,  but  not  in  the  sputum.  Subcutaneous  or  intra- 
venous injection  of  serum  filtered  through  a  Chamberland  or  I>erkefeld  filter 
and  which  yielded  negative  results  upon  microscopic  and  bacterioiogic  examina- 
tion, when  injected  produced  in  every  case  the  typical  anemia,  provided  the 
subject  was  a  horse  or  nuile.  Injections  into  other  species  of  animals  failed. 
It  is  certainly  very  plausible,  theoretically,  to  regard  the  virus  of  Scyderlielm 
as  serum  containing  a  specific  ])roteolytic  ferment  capable  of  liberating  jMotein 
poison.  Injection  of  tlie  ferment  containing  serum  passively  sensitizes  the 
horse  against  some  protein  which  we  must  assume  is  one  of  the  constituents  ot 
its  own  body  since  the  phenomenon  occurs  only  upon  injection  into  a  horse  or 
mule.  Vaughan'^  has  shown  that  serum  and  organ  extracts  from  sensitized 
animals  are  inactivated  when  heated  to  5()°  for  thirty  miiuitos.  clearly  liar- 
monious  with  the  thcrmolability  of  Seyderhelm's  virus.  Mofiilt''  has  injected 
into  horses  human  blood  from  cases  of  pernicious  anemia  with  miitormly  nega- 
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tive  results  as  would  be  expected  on  the  assumption  of  specific  ferments  as  a 
causal  agent.  Mathes'  assistant.  Hunter,  injected  human  blood  from  a  pernicious 
anemic  patient  into  a  monkey  and  also  obtained  negative  results  (  Alathes'''"'). 
If  injected  into  an  anthrapoid  ape  or  into  man  one  might  expect  symptoms  of 
pernicious  anemia  to  result,  but  in  a  horse  or  monkey  the  negative  results  could 
be  predicted. 

HEMOLYTIC  TOXIXS  AS  THE  CAUSE  OE  PERNICIOUS  ANE:kriA. 

That  pernicious  anemia  is  the  result  of  a  hemolytic  toxemia  is  a  theory  which 
has  received  much  consideration.  A  large  number  of  chemical  substances  such 
as  cestrin,  oleic  acid,  saponin,  pyrodin,  acetanilid,  phenylhydrazin,  nitrobenzol, 
/8-imino-azolyleth}lbenzaldehyde,  toluylendiamin,  and  p-oxyphenylethylamin  are 
active  hemolytic  agents  and  injection  of  suitable  doses  will  produce  hemolysis 
with  attendant  hemoglobinuria  and  anemia.  In  connection  with  pernicious 
anemia  those  hemolytic  poisons  which  arise  during  the  course  of  digestion  or  by 
putrefaction  in  the  intestine  are  of  especial  interest.  Iwao^*  has  been  able  to 
isolate  p-oxyphenylethylamin  from  autolyzing  pancreas,  putrefying  horse  flesh, 
and  Swiss  cheese.  It  is  quite  evident  that  this  base  may  normally  arise  in  the 
intestine  from  putrefying  food,  and  in  fact  Berthelot  and  Bertrand^^  have  isolated 
from  human  intestinal  contents  an  organism  of  the  Friedlander  pneumobacillus 
group  which  they  have  named  B.  aminophillus,  and  which  is  able  to  form  p-oxy- 
phenylethylamin from  tyrosin.  In  fact  even  the  colon  bacillus  may,  under  certain 
conditions,  produce  this  base  from  tyrosin.  Iwao^'*  concludes  that  among  the 
toxins  of  intestinal  origin  p-oxyphenylethylamin  is  one  capable  of  markedly 
changing  the  blood  properties,  and  which  experimentally  can  produce  in  animals 
an  anemia  with  a  picture  similar  to  that  of  pernicious  anemia.  Barger  and  Dale^" 
have  isolated  another  hemolytic  amin,  /?-imino-azolylethylamin  from  the  mucosa 
of  the  small  intestine  of  an  ox.  This  substance  when  injected  causes  hemolysis 
and  a  general  picture  of  anaphylactic  poisoning  with  the  exception  that  there  is 
probably  no  change  in  the  clotting  time  of  the  blood.  Biedl  and  Kraus^'  hold, 
however,  that  this  poison  does  delay  clotting.  ]\Iellanby  and  Twort^^  have  shown 
that  /3-imino-azolylethylamin  can  be  formed  from  histidin  in  the  intestine  by  the 
:.ction  of  a  bacillus  which  will  grow  only  in  alkaline  media.  In  absonption  of  such 
toxic  amins  is  to  be  found  a  very  plausible  explanation  for  the  origin  of  anemias. 
Grawitz,^^  on  the  same  basis,  held  coprastasis  an  important  factor  in  pernicious 
anemia,  and  believed  that  through  reabsorption  of  toxic  substances  arising  from 
increased  protein  decay  a  general  destruction  of  erythrocytes  may  occur  with  a 
resulting  progressive  anemia.  In  many  cases  atrophy  of  the  intestinal  mucosa 
is  present,  and  to  a  vicious  circle  resulting  from  the  decreased  digestive  and 
assimilative  power  Grawitz  attributes  the  progressive  character  of  the  disease. 
He  suggests  also  the  possibility  of  fetal  toxins  being  absorbed  in  pregnancy  and 
leading  to  the  anemia  sometimes  seen  in  such  cases.  On  the  basis  of  experi- 
mental investigations  in  which  he  found  no  increase  in  either  the  soluble  or  fatty 
acids  or  ptomaines  in  the  urine  of  patients  sick  with  pernicious  anemia,  Bloch^" 
contradicts  Grawitz's  theory  regarding  the  toxic  origin.  Berger  and  Tsuchiya" 
investigated  extracts  obtained   from  the  mucosa  of   animals   sick  with  anemia 
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apparently  identical  with  the  idiopathic  pernicious  form,  and  they  found  such 
extracts  to  have  a  much  stronger  hemolytic  power  than  extracts  from  the  mucosa 
of  normal  animals.  Ewald  and  Friedberger,--  on  the  contrar}-,  assert  that  extracts 
of  the  mucosa  of  such  animals  are  no  more  hemolytic  than  normal. 

Faust  and  Tallquist-^  demonstrated  that  in  bothriocephalus  infection  anemia 
is  due  to  oleic  acid  which  in  the  form  of  cholesterol  oleate  is  found  in  the 
proglottis  of  the  parasite.  In  the  host  this  salt  is  split  and  the  free  oleic  acid 
liberated  combines  with  alkalies  of  the  blood  and  is  absorbed  as  soap.  Thus  the 
acid  enters  the  circulation  where  it  exerts  its  harmful  action  on  the  erythrocytes 
while  the  cholesterin  radicle  passes  out  unchanged  in  the  feces.  Tallquist-*  points 
out  that  the  hemolytic  action  appears  only  upon  dissolution  of  the  worm  seg- 
ments and  concludes  that  possibly  the  active  hemolysin  is  enclosed,  so  to  speak, 
in  an  albumin  covering  which  must  be  broken  down  before  the  toxin  can  be  freed 
and  reabsorbed.  Why  the  parasite  goes  into  solution  in  some  cases  and  in  others 
remains  intact  is  a  phenomenon  which  needs  to  be  explained,  and  an  explanation 
of  this  would  at  the  same  time  make  clear  why  some  cases  of  bothriocephalus 
infection  lead  to  anemia  while  others  do  not. 

If  pernicious  anemia  is  produced  by  hemolytic  toxins,  it  is  not  vmnatural  to 
expect  that  highly  active  hemolysins  should  be  found  in  the  bodies  of  patients 
dying  from  the  disease.  McPhedran-''  prepared  extracts  by  mincing  organs  in 
alcohol  and  so  treating  the  filtrate  that  in  the  end  he  obtained  two  fractions,  the 
first  containing  in  addition  to  simple  glycerids  and  free  fatty  acids  cholesterol 
and  its  esters  if  they  were  present,  while  the  second  fraction  contained  only  acetone 
insoluble  substances.  In  the  majority  of  cases  cholesterol  and  unsaponified  mat- 
ter was  removed  from  the  first  fraction  before  testing.  Upon  comparing  the 
hemolytic  power  of  such  organ  extracts  from  cases  of  cancer  of  the  prostate,  pneu- 
monia, secondary  anemia,  and  idiopathic  pernicious  anemia,  he  found  that  the 
figures  obtained  in  pernicious  anemia  fell  entirely  within  the  limits  of  those  ob- 
tained in  other  conditions  and  gave  evidence  of  the  presence  of  none  of  the  hemo- 
lytic toxins  supposed  to  be  present  as  the  cause.  From  the  liver  in  cases  of 
acute  yellow  atrophy  and  ])hosphorous  ])oisoning  Joannovics  and  Pick-''  obtained 
fatt\'  acids  which  were  n(jt  only  ^•ery  active  hemolysins,  but  could  actually  be 
demonstrated  as  present  in  the  blood.  They  suggested,  therefore,  that  the  hemo- 
lytic effects  of  such  liver  extracts  were  due  to  the  fattv  acids  produced.  By  the 
tissue  destruction  oi  the  toxin  these  unsaturated  fatty  acids  of  the  liver  are  freed 
from  their  normal  lecithin-like  combination  and  are  in  a  sense  activated.  In  toxic 
anemias  in  general  these  investigators-''  looked  for  the  cause  of  the  hemolysis  in 
the  fatty  acids  liberated  from  cells  destroyed  by  the  action  of  the  poisonous 
princi|)le.  The  toxins  causing  pernicious  anemia,  if  toxins  arc  the  cause,  may  act 
in  this  same  manner. 

Closely  associated  with  the  \iew  that  the  hemolytic-  actixit}  of  pernicious 
anemia  is  due  to  fatty  acids  is  the  theory  that  ;i  general  (li>lurbance  of  tiie  lipoid 
mechanism  of  the  body  is  the  ])rimary  cause  of  the  disease.  Chemical  examination 
of  the  cortex  of  the  adrenals  in  such  cases  shows  it  to  be  filled  with  lipoid  material 
and  especially  cholesterin  and  its  esters.  It  is  tpiite  probable  that  this  tissue  exerts 
an  influence  on  metabolism   ihroui'h   its   liiolesterin   conti-o|.      (  1  lowell.-'- 1      Two 
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cases  are  cited  by  Kinnicutt-''  both  of  which  at  autopsy  showed  Hpoidosis  of  the 
suprarenal  cortex.  In  one  case  the  degeneration  was  so  complete  that  in  places 
only  fat  infiltrated  stroma  remained.  Hueck^°  has  found  that  in  pernicious  anemia 
the  lipoid  content  of  the  suprarenal  cortex  is  increased.  Landau'^^  likewise  found 
that  there  was  a  marked  disturbance  in  the  cortical  tissue,  and  he  thinks  this  of 
considerable  significance  because  of  the  intimate  relation  which  the  cortex  bears 
to  the  control  of  the  cholesterol  content  of  the  blood. 

The  role  played  by  the  spleen  in  hemolytic  processes  is  more  or  less  uncertain, 
and  the  various  views  regarding  its  chemistry  will  be  discussed  in  detail  later. 
Moffitt^-  considers  that  a  hypersplenic  condition  is  brought  about  by  toxins  w'hich 
reach  the  spleen  through  the  lienal  artery.  Erythrolysis  does  not  take  place  in  the 
spleen,  but  in  some  way  the  erythrocytes  are  sensitized  and  prepared  for  later  de- 
struction in  the  liver,  marrow,  or  lymph  glands.  Weidenreich  noted  that  in  perni- 
cious anemia  the  lumen  of  the  central  artery  of  the  spleen  is  so  obliterated  as  to 
hinder  the  normal  blood  flow  and  force  an  unusually  large  amotmt  of  blood  to 
travel  by  way  of  the  capillaries  directly  into  the  pulp  area.  Once  in  contact  with 
the  connective  tissue  spaces  of  the  pulp  area,  the  erythrocyte  is  sensitized  and 
marked  for  destruction.  No  attempt  is  made  to  explain  this  sensitization  from 
its  chemical  or  mechanical  standpoint. 

CHEMICAL    CHANGES    IN    THE    BLOOD. 

In  practically  every  case  of  pernicious  anemia  there  is  marked  delay  in  the 
clotting  time  of  the  blood.  This  fact  has  been  already  mentioned  in  discussing  the 
possible  relation  of  pernicious  anemia  to  anaphylactic  phenomena.  Drinker  and 
Hurwitz^^  made  a  careful  study  of  the  factors  of  coagulation  in  pernicious  anemia 
and  determined  quantitatively  the  dififerent  elements  concerned  in  the  phenomenon. 
They  concluded  from  their  investigations  that  prothrombin  is  diminished  slightly 
in  all  cases,  but  that  this  diminution  is  not  great  and  is  unimportant  provided  active 
regeneration  is  in  progress.  Antithrombin  and  fibrinogen  w^ere  found  to  be  nor- 
mal, even  in  the  presence  of  a  very  low  cell  count.  In  one  case  in  which  there 
was  pronounced  diminution  of  prothrombin,  the  platelet  counts  w^ere  strikingly 
low.  Hurwitz"'*  has  been  able  to  show  that  fluctuations  in  the  amount  of  pro- 
thrombin may  be  produced  by  substances  afifecting  the  number  of  platelets,  and 
any  toxin  which  produces  a  reduction  in  their  number  will  simultaneously  dimin- 
ish the  prothrombin  of  the  circulating  blood.  No  definite  parallelism,  however, 
has  been  established  between  bone  marrow  destruction,  the  number  of  blood  plate- 
lets, and  the  amount  of  prothrombin.  This  suggests,  therefore,  that  a  reduction 
in  the  number  of  blood  platelets  alone  will  not  cause  a  dangerous  prothrombin 
deficiency ;  some  other  tissue  must  play  a  part  in  its  formation.  In  his  experi- 
mental aplastic  anemias  Hurwitz^*  found  that  the  antithrombin  and  fibrinogen 
fluctuated  but  little  from  normal.  Minot  and  Denny^^  agree  in  general  with  Hur- 
witz  and  Drinker's  work,  but  found  in  two  of  their  cases  of  pernicious  anemia 
an  increase  rather  than  diminution  in  the  prothrombin  content.  Furthermore, 
they  found  an  abnormal  antithrombin  content  while  Hurwitz  and  Drinker  did 
not.  Moflitt^-  agrees  with  the  authors  cited  regarding  the  diminution  of  blood 
platelets  (and  prothrombin)  in  pernicious  anemia,  and  points  out  that  splenectomy 
may  be  followed  by  a  great  increase  in  their  number.     Regarding  the  calcium 
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content  of  the  blood,  nothing  is  said,  nor  is  mention  made  of  any  change  in  the 
viscosity. 

The  possible  presence  of  specific  proteolytic  enzymes  in  the  blood  of  indi- 
viduals sick  with  pernicious  anemia  has  already  been  mentioned  in  discussing 
anaphylactic  phenomena  as  a  hypothetical  cause  of  the  disease.  The  very  evident 
indication  of  the  existence  of  such  enzymes  in  the  blood  of  horses  with  perni- 
cious anemia  is  especially  worthy  of  note.  No  successful  attempts,  however,  have 
been  made  thus  far  to  demonstrate  conclusively  that  similar  ferments  are  pres- 
ent in  human  blood. 

Ruttan  and  Adami^*^  analyzed  blood  serum  obtained  at  an  autopsy  performed 
five  hours  after  death.  They  found  the  specific  gravity  to  be  1.0361  which  is  be- 
low the  figures  cited  by  them  as  normal  (1.02?  to  1.030).  Proteins  made  up 
5.2  per  cent  by  weight  of  the  total  substance,  and  of  these  2.8  per  cent  repre- 
sented the  globulin,  and  the  remaining  2.9  per  cent,  the  serum  albumin  fractions. 
The  ash  was  found  to  be  0.875  per  cent  or  about  12^  per  cent  above  the  figure 
usually  given.  The  total  protein  as  found  by  these  workers  was  accordingly 
about  40  per  cent  below  normal  while  in  addition  the  ratio  of  the  globulins  to 
the  serum  albumins  was  changed. 

The  fragility  of  the  reds  in  pernicious  anemia  is  altered  through  chemical 
changes  in  the  cell  envelope.  McNeiP^  found  that  in  varied  groups  of  anemias 
the  resistance  of  the  reds  to  saponin  hemolysis  was  diminished  in  all,  and  was 
most  diminished  in  severe  pernicious  anemia.  In  chronic  or  less  severe  pernicious 
anemia  the  resistance  is  no  more  lessened  than  is  cases  of  severe  secondary 
anemia,  and  even  in  the  worst  cases  of  pernicious  anemia  the  diminution  is  less 
than  that  which  occurs  in  hemolytic  jaundice.  Saponin  hemolysis  is  considered 
by  McNeiP^  as  a  test  of  the  cholesterin  value  of  the  cell  envelope.  Being  anti- 
hemolytic  the  cholesterin  content  is  an  important  factor  in  anemic  conditions 
and  its  lack  in  pernicious  anemia  is  thought  b}-  this  worker  to  be  a  [)ermanent 
and  progressive  defect. 

In  relation  to  fatty  acids  in  the  blood,  one  has  to  consider  first  whether  in 
hemolytic  diseases  such  as  pernicious  anemia  fatty  acids  enter  the  blood  in  in- 
creased amount;  and  second,  whether  the  amount  of  fatty  acid  entering  the 
bl()f)(l  ])arallels  the  severity  of  the  disease.  King''-  found  that  in  pernicious 
anemia  there  was  an  increase  in  the  total  fats  of  the  blood,  a  decrease  in  the 
free  cholesterin,  and  a  strikingly  high  iodine  number.  His  \aluos  tor  these 
constituents  are  as  follows:  Total  fats,  normal  average,  .V(i(l(l;  ]^cnliciou.^ 
anemia,  8..'i?(i ;  free  cholesterin.  normal  average,  0.811;  pernicious  anemia, 
0.842;  iodine  number,  normal  axerage,  !)0.00 ;  pernicious  anemia,  ■.'2.").()0.  Ho 
concludes,  therefore,  tliat  there  is  a  definite  parallelism  between  unsaturated  falt\- 
acids  in  the  blood  and  hemolysis.  This  view  is  more  or  less  ()])pose(l  to  tin-  woric 
of  McPhedran-''  on  the  relation  of  fatty  acids  to  pernicious  anemia.  .MclMie- 
dran  tested  the  hemolytic  ])ower  of  various  fatty  acids  and  found  the  l\  tic  dose 
foi"  K'  c.c.  of  normal  washed  red  corpuscles  to  be  as  follows: 

vSod.  oleate,  .02 T  to  .n:;o  mg. 

Sod.  palmitate,  .40     mg. 

Sod.  linoleate,  .081  mg. 

v^od.  erucate.  .<l(i(i   mir. 
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From  these  results  it  would  appear  that  unsaturated  fats  with  two  or  more 
double  linked  carbon  atoms,  as,  for  example,  sodium  linoleate  are  finable  to 
cause  any  stronger  hemolytic  action  than  the  simple  double  linked  oleates,  and 
AlcPhedran  concludes,  therefore,  that  hemolysis  by  fatty  acids  is  not  in  propor- 
tion to  the  degree  of  unsaturation.  In  the  blood  of  pernicious  anemia  pa- 
tients the  increase  in  total  fats  as  shown  by  King  was  about  49  per  cent  while 
the  increase  in  the  iodine  number  was  127  per  cent,  indicating  almost  three 
times  as  high  a  degree  of  unsaturation.  If  this  increase,  as  McPhedran  be- 
lieves, does  not  increase  the  hemolytic  power,  we  must  look  to  the  decrease  in 
free  cholesterin  for  its  cause.  Lamar, ■^''  however,  found  that  linoleic  and  lino- 
lenic  acids  in  the  form  of  Na  salts  were  able  to  dissolve  pneumococci  more  rap- 
idly than  did  sodium  oleate.  Moreover,  he  found  that  the  intensity  of  lytic  ac- 
tion on  the  cocci  ^•aried  directly  with  the  degree  of  unsaturation,  and  accordingly 
he  reached  the  conclusion  that  the  hemolytic  and  bacteriolytic  activity  of  the 
soaps  of  unsaturated  fatty  acids  is  probabh'  due  in  part  to  their  avidity  for  pro- 
tein and  not  wholly  to  their  lipolytic  ability.  Eppinger*"  likewise  notes  that  in 
conditions  associated  with  hemolysis,  such  as  pernicious  anemia  and  hemolytic 
icterus,  there  is  an  increase  in  the  unsaturated  fatty  acids  in  the  blood.  The 
weight  of  evidence,  therefore,  indicates  that  the  fatty  acids  are  increased  in 
the  blood  in  pernicious  anemia,  but  whether  or  not  the  increase  parallels  the 
severity  of  the  anemia  is  still  unclear. 

HEMOLYSIS    IN     PERNICIOUS    ANEMIA. 

The  hemolytic  influence  of  foreign  proteins,  various  poisons,  fatty  acids  and 
lack  of  cholesterin  has  already  been  discussed.  Here  I  wish  to  take  up  the  ques- 
tion of  the  rate  of  destruction  of  erythrocytes  as  compared  with  the  rate  of  re- 
generation, and  the  method  of  disposal  of  the  prodticts  of  hemolysis.  The  blood 
picture  in  pernicious  anemia  does  not  express  the  active  processes  going  on,  but 
merely  indicates  the  mean, — the  sum  total  of  blood  destroying  factors  set  against 
the  blood  building  factors.  When  the  destructive  factors  are  abnormally  active, 
the  hematopoietic  organs  are  stimulated  as  has  been  already  mentioned,  and 
an  attempt  is  made  to  counteract  the  loss.  The  actual  amount  of  blood  destruc- 
tion is  best  determined  by  estimation  of  the  secreted  blood  pigment.  Schneider*^ 
believes  that  in  the  liver-spleen  circulation  the  erythrocyte  is  disabled,  that  by 
contact  with  the  spleen  pulp  it  is  in  some  way  rendered  more  susceptible  to  hemo- 
lysis. Addis*-  considers  that  the  influence  of  the  spleen  has  something  to  do 
with  cholesterin  metabolism  and  attributes  the  change  to  activity  of  the  peculiar 
endothelial  ])hagocytic  cells  situated  especially  in  the  sinuses  of  the  spleen,  and 
to  a  less  extent  in  the  capillaries  of  lymph  glands  and  bone  marrow.  The  same 
type  of  cells  stretching  across  the  lumen  of  liver  capillaries  form  the  Kupft'er 
or  stellate  cells  of  the  liver. 

The  first  step  in  hemoglobin  pigment  decomposition  is  the  liberation  of 
hemoglobin  from  the  worn-out  or  damaged  erythrocyte.  Addis*^  remarks  that 
the  special  function  of  the  Kupffer  cells  is  not  only  to  phagocytose  the  red  blood 
cells  but  to  take  up  extruded  hemoglobin  as  well,  and  droplets  of  hemoglobin  have 
been  seen  by  him  passing  from  the  Kupffer  cells  into  the  cells  of  the  liver.  In 
the  liver  cells  the  second  step  takes  place  and  the  hemochromogen  of   hemo- 
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globin  is  separated  from  the  globin  fraction.  Outside  the  body  this  separation 
can  be  effected  by  treating  hemoglobin  with  hydrochloric  acid,  heniin  being 
formed.     The  structural  formula  as  given  by  Addis*-  for  hemin  is  as  follows : 


Hj^C=HC  — C 


C  — CH. 


PeCl 


.CH, 


HC    IJ ,   C= 
^\  /  \/ 

c        c 

II     II 

HOOC— H^C-H^C  — C C— CH; 


:C      U      CH 

0    C 


H3C  — C 


0  — CH£-CH^— COOH 


Hemin 


The  mechanism  of  the  subsequent  process  is  not  yet  understood,  but  in  some 
way  the  hemoglobin  pigment  is  transformed  by  the  liver  cells  into  bilirubin.  The 
extent  of  change  can  be  seen  by  comparing  the  formula  for  hemin  with  that 
for  bilirubin  : 


H;^C=HC 


COOH- 


CH£-CH-C 


-C  — CH=CH, 
II  ^ 

C-OH 


C-CH, 


■CEt-CH^-COOH 


Bilirubin 


It  will  be  noticed  that  iron  has  gone  out  from  the  molecule  and  the  oxygen 
content  is  increased.  That  hemoglobin  i)igment  does  give  rise  to  bilirubin  Addis 
demonstrated  by  injecting  hemoglobin  pigment  into  the  blood  stream.  An  almost 
quantitative  increase  in  the  bilirubin  excreted  in  the  bile  followed.  I'or  our  pur- 
])ose  it  will  suflice  to  briefly  sketch  the  subsequent  steps  in  hemoglobin  metabo- 
lism. After  entering  the  intestine,  bilirubin  is  reduced  to  urobilinogen.  This 
IS  assumed  to  be  absorbed  in  i)art  from  the  intestine  and  poK  nierizod  into  a 
hypothetical  ur(jl)ilin  complex  which  is  normally  remo\ed  by  the  Ii\cr.  The 
surest  indication  of  generalized  disturbance  of  the  liver  function  is  based  accord- 
ing to  Addis  on  a  determination  of  the  extent  of  failure  of  s\nlhesis  of  lu-nio- 
glohin  pigment  from  this  urobilin  com])IeN.  Where  active  erythrocyte  destruc- 
tion is  going  on,  it  is  natural  to  expect  that  the  limit  must  be  ai)i)roached  abo\e 
which  the  liver  can  no  longer  (lis])osc  of  the  libci-alcMJ  pigment.  That  mkIi 
actually  is  the  case  has  been   shown   b\-   Sellards   and    Minot.''      These   workers 
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found  that  compared  with  normal,  less  hemoglobin  is  required  to  produce  hemo- 
globinuria in  patients  in  whom  there  is  increased  blood  destruction  as,  e.g.,  in 
pernicious  anemia.  In  secondary  anemia  there  is,  ^as  a  rule,  no  excessive  blood 
destruction  and  the  hemoglobin  necessary  to  produce  hemoglobinuria  in  these 
cases  approached  normal.  The  amount  of  hemoglobin  necessary  to  cause  hemo- 
globinuria bears  no  relation  to  the  red  count,  but  is  in  direct  proportion  to  the 
amount  of  blood  destruction  taking  place.  This  last,  providing  complicating  fac- 
tors are  absent,  is  directly  proportional  to  the  excretion  of  urobilin  in  the  intes- 
tine. Eppinger*"  found  that  the  normal  urobilinogen  execretion  w-as  0.12  to  0.15 
grams  per  day,  while  in  pernicious  anemia  the  excretion  w'as  0.24  to  1.1-1  grams 
per  day.  Schneider*^  estimated  the  amount  of  hemolysis  by  examination  of  duo- 
denal contents  and  found  in  pernicious  anemia  excessive  excretion  of 
bile  pigments  or  pleochromie,  and  urobilinocholia.  Pleochromie  is  an  expres- 
sion of  immediate  hemolysis  and  in  pernicious  anemia  whether  in  crisis  or 
remission  is  a  constant  finding.  Urobilinocholia  indicates  a  heaping  up  of  pigment 
in  the  portal  system  and  varies  directly  as  the  portal  system  is  surcharged  or  be- 
comes relatively  empty  of  the  plus  of  pigment.  Regardless  of  whether  or  not 
gross  liver  changes  can  be  demonstrated,  urobilinocholia  is  highest  in  crisis. 
Schneider*^  points  out  that  anemia  caused  by  gastrointestinal  hemorrhage,  and 
in  which  the  blood  picture  simulates  that  of  pernicious  anemia  will  definitely 
show  an  absence  of  pleochromia  and  urobilinocholia  upon  duodenal  estimation  of 
the  bile  pigments. 

THE   METABOLISM    IN   PERNICIOUS -ANEMIA. 

To  Meyer  and  DuBois**  is  due  the  most  valuable  contribution  on  the  basal 
metabolism  in  pernicious  anemia,  and  their  results  will  here  be  briefly  reviewed. 
Five  cases  were  studied  in  all  of  which  there  was  an  increased  metabolism  vary- 
ing from  2  per  cent  to  33  per  cent  above  the  normal  average.  There  are  no  pro- 
found qualitative  metabolic  changes  in  pernicious  anemia  as  shown  by  the  relation- 
ship between  the  CO^,  produced  and  the  Og  consumed,  and  fats  and  carbohydrates 
are  burned  to  the  same  end  products  as  in  health.  Clearly  then,  a  reduction  of 
hemoglobin  does  not  preclude  the  possibility  of  either  a  normal  or  even  an  aug- 
mented metabolism.  Normally  the  O.^  supply  to  the  tissues  is  beyond  the  imme- 
date  requirements,  and  in  anemia,  since  there  is  no  means  of  augmenting  the  O^, 
carrying  capacity  per  unit  of  blood,  the  margin  of  safety  from  asphyxiation  must 
be  encroached  upon  with  the  result  that  the  blood  returns  to  the  heart  in  various 
degrees  of  asphyxia.  Plesch*"*  has  called  attention  to  the  fact  that  in  anemia  there 
is  an  increased  heart  rate.  This  suffices  in  uncomplicated  cases  to  compensate 
for  the  increased  demands  per  unit  of  blood  in  spite  of  the  greatly  diminishd  hemo- 
globin content.  Morawitz'*''  accounts  for  the  increased  O,  consumption  and  CO, 
production  in  pernicious  anemia  by  the  presence  of  the  nucleated  reds  whose  O2 
needs  are  extremely  high.  Meyer  and  Dubois*'  conclude  that  there  are  some 
grounds  for  the  belief  that  the  height  of  metabolism  is  a  measure  of  the  severity  of 
the  clinical  picture.  Peabody  and  Wentworth-*'  found  no  change  in  the  \ital  ca- 
pacity of  the  lungs  in  pernicious  anemia. 
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IRON   METABOLISM    IN    PERNICIOUS   ANEMIA. 

The  importance  of  iron  as  a  constituent  of  hemoglobin  makes  it  a  factor  of 
much  interest  in  the  study  of  anemias.  Whether  an  iron  lack  plays  any  role  in 
pernicious  anemia,,  and  if  so  whether  the  feeding  of  preparations  containing  iron 
will  be  of  any  therapeutic  value  have  been  widely  discussed  questions.  In  chlorosis 
the  therapeutic  value  of  iron  has  long  been  acknowledged,  but  Morawitz**^  believes 
its  value  here  to  lie  not  in  its  effect  upon  the  blood  forming  organs,  but  rather  upon 
some  other  focus  of  disturbance,  leading  only  secondarily  to  an  increase  in  hemo- 
globin. Muller*^  concluded  that  inorganic  iron  salts  added  to  an  iron  free  diet  in 
anemic  animals  increased  erythrogenesis.  Tartakowsky'**^  held  the  same  view. 
Abderhalden^"  also  pointed  out  that  inorganic  iron  as  well  as  hemoglobin  or  hema- 
tin  added  to  a  diet  poor  in  iron  increased  hemoglobin  formation,  but  to  a  less  extent 
than  occurred  when  a  diet  of  iron  rich  food  was  given.  He  concludes  that  what- 
ever be  the  form  in  which  iron  is  administered,  it  is  absorbed  by  the  same  chan- 
nels, stored  in  the  same  organs,  and  eliminated  by  the  same  routes,  and  he  further- 
more suggests  that  in  all  probability  all  iron  assimilated,  whatever  its  original 
source,  is  taken  from  the  digestive  tract  in  an  ionized  state.  Hauserman^^  fed 
anemic  animals  on  a  low  iron  diet  with  FeCL  added,  another  group  he  fed  on  a 
low  iron  diet  only,  while  a  third  group  received  food  poor  in  iron  but  with  hemo- 
globin added,  and  a  fourth  group  were  fed  a  mixed  diet  of  iron-containing  foods. 
His  results  showed  that  FeClg  was  not  an  available  source  for  iron  to  be  changed 
to  hemoglobin.  Asher  and  Grossenbacher^-  found  that  after  splenectomy  in  dogs 
there  was  a  marked  increase  in  the  iron  elimination.  They  concluded,  therefore, 
that  the  spleen  is  an  important  organ  in  intermediary  iron  metabolism  enabling  the 
body  to  conserve  and  neutralize  its  supply.  Austin  and  Pearce^^  obtained  conflict- 
ing results  and  decided  that  there  was  no  good  evidence  to  support  the  view  that 
the  spleen  exercised  any  fundamental  influence  on  iron  metabolism.  ^luir  and 
Dunn^*  investigated  iron  retention  in  the  organs  in  cases  of  hemolytic  anemia  using 
chiefly  in  their  experiments  guinea  pigs  made  anemic  by  repeated  injections  of 
antiserum  from  a  goat  sensitized  against  guinea  pig's  corpuscles.  The  normal  iron 
content  of  the  organs  in  a  200  gram  pig  was  as  follows : 

Liver,  4.64  mg. 

Kidney,  0.54  mg. 

Spleen,  0.24  mg. 

Total,  5.46  mg. 

In  anemic  animals  the  average  percentage  of  iron  in  the  liver  and  kidneys  was 
about  five  times  normal,  and  in  the  s])leen  it  was  about  three  times  normal.  In 
-00  gram  severely  anemic  jjigs  tlic  iron  content  was — 

l,i\er,  25.02  mg. 
Kidney,  3.69  mg. 
Spleen,        2.19  mg. 

Unless  hemoglobin  is  ])rescnt  in  the  urine  practically  no  increase  of  iron  can 

be  demonstrated  in  the  kidneys,  and  the  amoiuit  of  hemoglobin  escai)ing  in  ihe 

urine  is  rf)ughly  proportional  to  the  amount  of  iron  deposited.     Muir  and  Dunn'' 

I  emphasize  the  fact  that  a  broad  distinction  can  be  made  between  the  hemosiderin 
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deposits  resulting  from  lysis  and  those  resulting  from  phagocytosis  of  reds.  In 
the  former  the  iron  deposit  first  appears  in  the  cells  of  the  peripheral  zone  of  the 
liver  lobule,  and  from  thence  spreads  inward,  giving  at  first  a  diffuse  blue  reaction, 
but  later,  beginning  first  at  the  periphery,  granules  of  hemosiderin  occur.  In 
phagocytosis,  on  the  contrary,  the  hemosideric  deposits  bear  no  special  relation  to 
the  periphery,  but  occur  rather  throughout  the  liver  lobules. 

CHEMISTRY  OF  THE  SPLEEN   IN   PERNICIOUS  ANEMIA. 

The  spleen  is  supposed  to  exert  a  marked  influence  on  iron   metabolism. 
The  increase  in  iron  elimination  seen  by  Asher  and  Grossenbacher"'-  after  sple- 
nectomy has  already  been  mentioned,  but  is  rather  hard  to  understand.    Certainly 
most  workers  have  obtained  contrary  results.     Pepper  and  Austin''"'  found  that 
in  pernicious  anemia  the  iron  output  through  the  feces,  although  never  above  nor- 
mal, showed  a  decrease  of  40  per  cent  after  operation  ;  while  before  splenectomy 
the  excretion  of  urobilinogen  and  urobilin  was  about  three  times  normal,  the 
output  two  months  after  splenectomy  was  reduced  to  one-seventh  of  that  before 
the  operation.     \\  ith  reference  to  nitrogen  they  found  that  a  slight  positive  bal- 
ance before  splenectomy  was  followed  by  retention  fourteen  days  postoperative 
with  a  return  to  the  preoperative  balance  after  one  month.     The  uric  acid  output 
showed  a  decrease  of  22  per  cent  after  the  operation  although  it  never  exceeded 
normal  limits.     That  the  spleen  is  an  important  factor  in  blood  destruction  is 
evident   from  the  decreased  urobilin   output   following  splenectomy.      Pibram^® 
points  out  that  stasis  of  blood  in  the  spleen,  e.  g.,  in  chronic  passive  congestion,  is 
dissociated  with  increased  erythrolysis,  and  that  urobilinuria  can  be  induced  by 
splenic  congestion.      Furthermore  the  blood   crisis   after   splenectomy   indicates 
either  that  the  bone  marrow   has   been   stimulated   to  greater   activity   or   that 
some  inhibitory  factor  has  been  removed.    The  theory  that  bone  marrow  stimula- 
tion has  occurred  is  supported  by  the  increased  number  of  platelets  seen  after 
splenectomy.    On  the  other  hand  Klemperer  believes  that  the  spleen  elaborates  an  i 
inhibiting  hormone  for  bone  marrow.     However,  experiments  made  by  Krumb 
haar^"  demonstrated  that  fresh  splenic  extracts  stimulated  rather  than  inhibited 
the  bone  marrow,  and  furthermore  I'earce  and  Pepper-^*  have  pointed  out  that 
the  bone  marrow  activity  does  not  begin  until  several  months  have  elapsed  after 
splenectomy.     Krumbhaar^^  has  indicated  that  it  is  difficult  to  prove  that  the! 
lessened  hemolysis  after  splenectomy  is  due  to  the  absence  of  the  spleen   forj 
neither  normal  spleens  nor  those  removed  in  operation  can  be  shown  to  possess 
any  increased  hemolytic  activity.     Furthermore  analyses  of  blood  entering  and 
leaving  the  spleen  have  failed  to  throw  any  light  on  this  subject.     (Krumbhaaii 
and  Musser.")     After  splenectomy  the  hemolytic  resistance  of  the  reds  is  in 
creased,  and  this  may  be  one  of  the  factors  leading  to  improvement  after  opera 
tion.      Pearce   and    Karsner'"'"    found   that    splenectomy   in   normal    animals   wa 
followed  by  an  increased  resistance  of  erythrocytes.     Pearce,  Austin  and  Evans' 
also  found  the  resistance  increased,  while  Joannovics  and  Pick"-  have  shown  i 
experimental  animals  that  if  the  spleen  is  removed  a  much  larger  dose  than  noi 
mal  of  toluylenediamine  is  required  to  produce  anemia.     Joannovics®^  made 
fistula  between  the  splenic  vein  and  the  left  renal  vein  and  in  this  way  diverte 
the  splenic  blood  into  the  inferior  vena  cava.     Animals  so  treated  were  able  i 


CO.VCERXIXG    THE    CHEMISTRY    OF    PERNICIOUS    ANEMIA  563 

tolerate  toluylenediamine  much  better  than  could  normal  animals.  He  con- 
cluded that  normally  toluylenediamine  to  a  slight  extent  but  the  spleen  to  a  very 
much  greater  extent  plays  the  active  role  in  blood  destruction.  The  decomposi- 
tion products  from  the  erythrocytes  are,  according  to  Joannovics,''-'  taken  out  by 
the  spleen  and  sent  on  to  the  liver  through  the  portal  vein.  In  this  way  an  over- 
abundance of  material  for  the  manufacture  of  bile  pigment  is  at  hand,  and  as  a 
result  the  liver  produces  an  excessive  amount  of  concentrated  bile.  This  leads  to 
stasis,  reabsorption  and  icterus.  Krumbhaar'''  points  out  that  whatever  may  be 
the  cause  for  the  improvement  after  splenectomy,  the  subsequent  relapse  is  prob- 
ably due  to  other  organs  such  as  the  hemolymph  nodes,  accessory  spleens  and 
Kupffer  liver  cells,  taking  over  the  function  of  the  spleen,  but  as  yet  no  positive 
evidence  has  been  produced  to  substantiate  this  theory.  Splenectomy  is  not  al- 
ways followed  by  a  decrease  in  the  urobilin  output.  Robertson  calls  attention  to 
the  fact  that  those  cases  in  which  the  urobilin  excretion  before  splenectomy  was 
high  and  which  after  the  operation  exhibited  only  a  transient  reduction  or  none  at 
all  did  not  show  so  much  improvement  in  other  respects  as  did  those  cases  in 
which  the  urobilin  output  was  permanently  reduced. 

Eppinger,^"  as  already  has  been  noted,  asserts  that  in  pernicious  anemia  and 
similar  conditions  the  unsaturated  fatty  acids  of  the  blood  are  increased.  Sple- 
nectomy serves  not  only  to  reduce  the  unsaturated  fatt}'  acid  content,  but  it  also 
increases  the  cholesterol  and  total  fat  content  of  the  blood.  King-^*  believes  that 
the  occurrence  of  highly  unsaturated  fatty  acids  is  in  some  way  intimatelv  de- 
pendent upon  the  activity  of  the  spleen,  for  he  found  that  following  splenectomy 
the  iodine  number  of  the  fats  of  the  blood  is  reduced  and  the  production  of  icterus 
by  hemolytic  agents  is  made  more  difficult. 

The  most  evident  feature  of  the  chemical  pathology  of  the  liver  in  pernicious 
anemia  is  the  enormous  deposits  of  hemosiderin  which  occur  (Hunter^*),  and 
this  fact  substantiates  the  view  that  the  hemolytic  action  takes  place  in  the 
portal  circulation.  If  the  reverse  were  true,  or  if  hemolysis  occurred  both  in 
the  portal  and  general  circulation,  one  would  expect  to  find  iron  deposits  in  the 
spleen  increased,  but  such  is  not  the  case.  (  Alathes,""  Hunter."*)  The  dif- 
ference in  the  character  of  the  deposits  resulting  from  l\sis  and  phagocytosis 
has  been  mentioned.  (Muir  and  Dunn.'^*)  That  the  Kupffer  cells  of  the  liver 
are  in  a  state  of  increased  erythrocyte  phagocytosis  in  pernicious  anemia  has 
been  shown  by  Moffitt.^- 

THE    KI1)NEVS    IN    PERNK'IOUS   ANEMIA. 

I>ut  little  work  has  been  done  with  reference  to  the  kidney  chemistry  in 
pernicious  anemia.  Thus  far  an  abstract  of  a  paper  read  by  Christian""  at  Peter 
Bent  Brigham  Hospital  is  ])ractically  the  only  source  of  information  on  this 
phase  of  the  subject.  The  phenolsulphonephthalein  output  e\en  in  severe  cases 
was  found  to  be  normal,  indicating  no  excretory  insutlicieTicy.  If  the  urine  <^f 
normal  individuals  who  are  receiving  three  meals  a  da\-  is  tested  at  intervals  of 
two  hours,  decided  variations  in  the  volume  and  in  the  anioiuu  of.  solids  present 
will  be  found.  I'rom  figures  thus  obtained  a  curve  may  be  plotted  the  contour 
of  which  is  decidediv  jagged  (picket  fence  curvt-).  In  diseases  of  the  kidneys 
the  ability  to  vary  the  sjiecific  gravity  and  the  output  of  various  constituents  is 
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diminished,  in  consequence  whereof  the  curve  loses  its  jagged  appearance  and 
flattens  out.  In  pernicious  anemia  the  specific  gravity  curves  thus  plotted  be- 
come almost  straight  lines,  while  the  curves  of  nitrogen  elimination  likewise 
show  flattening,  but  to  a  less  marked  degree.  Such  curves  point  to  the  presence 
of  functional  kidney  disturbances  quite  similar  to  those  of  chronic  nephritis, 
and  the  appearance  is  fairly  constant  from  day  to  day.  After  transfusion  the 
functional  curves  become  slightly  more  irregular.  Pathologically  the  kidneys 
show  no  signs  of  nephritis.  An  increase  in  iron  pigment,  chiefly  in  the  con- 
voluted tubules,  is  about  the  only  finding  of  note.  Christian  is  working  at  pres- 
ent on  the  functional  kidney  curves  obtained  in  pernicious  anemia  after  various 
modes  of  treatment  such  as  transfusion,  splenectomy,  arsenic,  salvarsan,  etc., 
and  his  results  will  doubtless  be  of  much  interest  and  value.  The  urine  in  per- 
nicious anemia  is  usually  of  low  specific  gravity,  and  is  pale  from  diminished 
pigment.''' 

GASTROINTESTINAL  CONDITIONS  IN  PERNICIOUS  ANEMIA. 

Gastrointestinal  disturbances  are  of  peculiar  interest  in  pernicious  anemia 
for  alimentary  disorders  have  been  and  still  are  by  many,  considered  the  primary 
cause  of  the  disease.  Hunter,*'*  as  has  been  previously  mentioned,  regards  the 
disease  as  an  infection  due  to  a  specific  glossitis,  oral,  gastric  and  intestinal  sepsis. 
Stern^^  emphasizes  the  fact  that  periodically  a  soreness  of  the  tongue  and  gums  is 
noted,  which  is  of  importance  from  a  diagnostic  standpoint  as  one  of  the  earliest 
symptoms.  Mathes'^^  also  considers  changes  in  the  oral  mucosa  one  of  the 
earliest  symptoms.  Osier*'"  says  that  pyorrhea  alveolaris  is  found  in  every  case 
of  pernicious  anemia.  No  special  chemical  agent  is  given  as  the  cause  for  this 
condition,  and  indeed  aside  from  the  man}'  references  to  stomatitis,  little  men- 
tion of  the  mouth  is  made. 

In  the  stomach  an  absence  of  free  HCl  is  a  constant  finding,  so  constant  in 
fact,  that  in  anemias  where  free  HCl  is  present  the  pernicious  type  is  ruled  out. 
The  combined  acid  also  is  extraordinarily  low,  being  seldom  over  10  in  severe 
cases  and  more  often  it  does  nol  exceed  .").  The  achlorhydria  in  itself  signifies 
faulty  gastric  digestion  since  pepsin  is  unable  to  act  save  in  slightly  acid  media, 
but  apparently  in  the  majority  of  cases  there  is  in  addition  more  or  less  complete 
achylia  gastrica.  The  significance  of  these  conditions  is  a  subject  much  debated. 
On  the  basis  of  postmortem  and  clinical  observations  von  Nothnagel*'^  concluded 
that  the  alimentary  disturbance  was  the  fundamental  cause  of  pernicious  anemia. 
Lewy'"  and  Fenwick'^  agree  with  this  view.  On  the  contrary  Baur  and  Weigle 
have  advocated  that  the  intestinal  destruction  is  brought  about  by  changes  in  the 
blood.  Nolen"^  has  reported  two  cases  of  pernicious  anemia  in  which  atrophy 
of  the  mucosa  was  present,  and  Quincke,'*  Henry  and  Osler,'^  and  Brabazon^*' 
have  each  reported  one  case  w^ith  similar  gastric  findings.  Brabazon's  case  was 
not  substantiated  by  microscopic  examination.  Kinnicutt,-^  in  1878,  reported  two 
cases  of  pernicious  anemia  both  of  which  were  autopsied.  The  stomach  wall 
where  it  came  in  contact  witli  the  fluid  contents  of  the  stomach  was  in  both 
cases  thinner  than  normal.  Microscopical  examinations  were  made  of  sections 
from  various  regions  of  the  stomach  wall,  and  in  selecting  material  care  was 
used  to  obtain  tissue  which  had  not  been  in  long  contact  with  the  gastric  fluids. 
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Extensive  areas  of  mucosa  were  found  in  which  not  a  trace  of  gastric  tubules 
could  be  seen.    In  some  places,  especially  in  the  pyloric  zone,  remnants  of  tubules 
were  found.     A  peculiar  hyaline  material  was  also   seen  taking  in  places   the 
shape  of  the  tubules  and   forming  hyaline  casts.      In  both   cases  there  was   a 
general  dense  small-cell  infiltration  of  the  mucosa  such  as  is  seen  in  inflammatory 
processes.    That  the  atrophy  was  not  due  to  postmortem  efifects  is  indicated  by  the 
fact  that  the  more  superficial  parts  of  the  glandular  structure  were  least  involved; 
greatest  destruction  took  place  in  the  deeper  tissues.    Kinnicutt-**  believed  that  the 
dense  small-cell  infiltration  certainly  could  not  be  regarded  as  the  result  of  im- 
paired nutrition,  and  that  in  his  cases  at  least  this  process  strongly  pointed  to  a 
dependence  of  atrophy  upon  an  inflammatory  process.     He  concluded  that  as  a 
result  of  inflammation  a  primary  atrophy  of  the  gastric  mucosa  occurs,  and  that 
in  this  lesion  is  to  be  found  an  explanation  of  certain  cases  of  pernicious  anemia. 
Strausz'-  speaks  of  the  coincidence  of  apepsia  gastrica  and  pernicious  anemia  and 
liolds  that  certain  relations  must  exist  between  the  disease  and  abnormal  condi- 
tions of  the  intestinal  mucosa.     Some  of  the  more  recent  autopsy  findings  ap- 
parently show  that  the  mucosa  is  unaltered  both  in  the  stomach  and  in  the  intes- 
tine.   Faber  and  Bloch''^-  ^-  found  that  providing  postmortem  changes  are  avoided 
^yy  injection  of  formaldehyde,  atrophic  changes  of  the  gastric  and  intestinal  mu- 
cosae in  pernicious  anemia  are  often  absent  or  slight.     R.  von  Lippman''  autop- 
sied  a  case  of  pernicious  anemia  that  clinically  showed  achylia  gastrica.     Especial 
care  was  used  to  guard  against  postmortem  changes  (the  intestine  was  removed 
•one  hour  after  death),  and  in  this  case  no  evidences  of  atrophy  of  the  mucosa 
and  nothing  of  note,  save  extreme  anemia  of  tissues,  was  found.     Consequently 
Tie  agrees  that  unless  autopsy  is  quickly  performed  findings  with  reference  to  the 
mucosa  in  such  cases  are  of  little  value.     Whatever  the  pathological  findings  in 
such  cases  may  be,  it  is  certainly  true  that  there  are  very  marked  alterations  of 
the  gastric  secretions.     The  apparent  lack  of  pepsin  and  inactivity  of  the  acid- 
secreting  glands  seen  clinically  are  rather  hard  to  explain   in  the  light   of   the 
normality  of  the  mucosa  claimed  to  have  been  found  at  auto[)sy.     Whether  or  not 
normal  peptic  secretion  goes  on  and  the  uniform  lack  of  digestive  abilitv  is  due 
to  an  antienzyme  of  some  sort  is  a  question  well  worth  investigation.     Il   must 
be  borne  in  mind  that  the  presence  of  NaCl,  carbohydrates,  and  the  products  of 
protein  digestion  all  tend  to  inhibit  peptic  activity. 

Concerning  the  condition  of  the  pancreatic-intestinal  en/.\-mes  and  hormones 
no  information  is  afl:'orded  by  the  literature.  Probably  they  are  able  to  compen- 
sate for  the  digestive  inability  of  the  stomach,  for  were  this  not  the  case  much 
more  serious  alimentar\'  disturbances  would  be  present  than  are  usually   found. 

EXPERIMENTAL    AN  KM  IAS. 

\\'e  propose  here  not  tf)  enter  into  a  detailed  discussion  of  experimental 
anemias  in  general,  but  rather  to  enumerate  a  few  of  the  methods  by  which 
anemias  with  a  blood  picture  resembling  that  of  pernicious  anemia  have  been 
produced.  I'reeminent  in  this  grou|)  is  the  experimental  pernicious  anemia 
produced  by  Seyderhelnr'  in  hcaltlu  horses  l»\  the  injection  of  filtered  serum 
from  a  horse  sick  with  the  disease.  The  possibilitx  of  homologous  sensitization  in 
this  case  has  alre;i(l\-  been  discussed.     Kunn-jai'''  --howed  that  the  er\  throcvtes  of 
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sensitized  animals  upon  second  injection  with  the  specific  protein  are  less  resistant 
to  destructive  agents  of  various  kinds  than  is  normally  the  case.  Against  saponin, 
however,  'he  found  the  resistant  force  unchanged.  Schittenhelm,  Weichard  and 
Grisshamer-  have  shown  that  in  artificial  poisoning  the  hematopoietic  organs  are 
stimulated  to  great  activity.  Protein  split  products  have  the  same  stimulating 
effect  and  cause  megaloblasts  and  megalocytes  to  appear  in  the  peripheral  blood 
in  large  numbers.  The  reduced  erythrocyte  resistance  together  with  the  bone 
marrow  stimulation  combine  to  give  a  picture  very  closely  resembling  in  many 
cases  idiopathic  pernicious  anemia.  Schlecht  and  Schwenker"''  injected  adrenalin 
in  dogs  and  found  that  this  drug  caused  a  decrease  in  the  number  of  reds,  a 
decrease  in  the  eosinophils,  and  a  decrease  in  the  total  hemoglobin  content. 
Iwao^*  by  repeated  subcutaneous  injections  of  p-oxyphenylethylamin  was  able  to 
produce  in  guinea  pigs  an  anemia  with  the  characteristics  of  pernicious  anemia 
both  with  respect  to  the  blood  picture  and  course;  the  number  of  erythrocytes 
and  the  total  hemoglobin  content  were  markedly  reduced,  while  the  hemoglobin 
content  of  the  individual  reds  was  relatively  high.  Poikilocytosis  and  polychro- 
matophilia  both  occurred  to  a  low  degree,  and  both  normoblasts  and  macrocytes 
were  found.  The  number  of  eosinophiles  was  reduced,  but  there  was  a  relatively 
high  lymphocyte  count.  Iwao^*  compares  the  physiological  action  of  p-oxypheny- 
lethylamin with  adrenalin  in  that  both  cause  a  rise  in  blood  pressure  due  to  the 
effect  on  the  smooth  muscle  fibers.  We  have  already  discussed  the  intestinal 
.source  of  this  poison  and  pointed  out  the  possibility  of  its  being  an  etiological 
factor  in  pernicious  anemia. 

Btiting^"  produced  anemia  in  rabbits  by  the  injection  of  ricin.  After  injec- 
tion of  the  drug  there  was  a  leucopenia  followed  by  leucocytosis,  pyknosis  and 
karyolysis  as  a  rule.  The  red  cells  showed  marked  hemolysis  indicated  by  hemo- 
globinuria and  pigment  accumulations  in  the  spleen  pulp,  liver  and  lymph  glands. 
Nucleated  reds  appeared  in  the  peripheral  blood  stream,  and  their  number  de- 
pended first  on  the  amount  of  toxin  injected,  and  secondly,  on  the  condition  of 
the  erythrogenetic  tissue  of  the  marrow.  Buting's  attempts  to  produce  chronic 
anemia  with  ricin  were  only  partially  successful,  because  tolerance  to  the  drug 
was  rapidly  established.  In  those  cases  in  which  the  rabbits  remained  partially 
susceptible,  an  anemia  was  eventual!}'  produced  with  a  blood  picture  identical 
with  pernicious  anemia  and  entirely  different  from  that  seen  in  the  secondary 
anemia  following  hemorrhage.  With  saponin  it  was  much  easier  to  produce  a 
chronic  anemia  since  tolerance  to  it  is  less  readily  established.  A  reduction  of 
the  red  count,  nucleated  reds  in  the  blood  stream,  and  pigment  accumulations  in 
the  organs  were  all  seen  as  was  the  case  with  ricin.  Autopsy  of  animals  rendered 
anemic  in  this  way  showed  partial  depletion  of  the  mature  bone  marrow  cells 
and  necrosis  of  the  remainder.  There  was  marrow  sclerosis  together  with  dif- 
fuse hemorrhage.  The  liver  showed  central  necrosis  of  the  lobules  together  with 
marked  turgescence  of  the  veins  and  capillaries.  From  these  findings  Butipg*°  con- 
cludes that  the  bone  marrow  throws  nucleated  reds  into  the  circulation  only  when 
the  mature  erythrocytes  at  the  periphery  of  the  erythrogenetic  center  are  de- 
stroyed by  some  toxin  or  depleted  by  hemorrhage.  If  there  is  extensive  bone 
marrow   injury,   the  groups   of  blood   forming   cells   mav  be   almost   completely 
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replaced  by  scar  tissue  in  which  case  the  spleen  becomes  hematopoietic,  and 
blood  cells  are  formed  in  its  sinuses.  Unless  large  amounts  of  toxin  are  quickly 
thrown  into  the  circulation,  the  bone  marrow  is  uninjured;  e.  g.,  upon  subcu- 
taneous injection  of  ricin  or  saponin  absorption  is  so  slow  that  the  toxin  is 
saturated  by  cells  in  the  circulation  with  resulting  erythrolysis  and  the  cells  of 
the  bone  marrow  are  consequently  uninjured. 

SUMMARY    AND    CONCLUSIONS. 

1.  Pernicious  anemia  may  be  considered  the  result  of  a  gastrointestinal  dis- 
turbance leading  to  destruction  of  mucosa  sufficient  either  to  allow  undigested 
proteins  to  leak  through  into  the  blood  stream  where  their  parenteral  digestion 
liberates  protein  poisons,  or  to  the  absorption  of  known  hemolytic  toxins  pro- 
duced in  the  course  of  intestinal  putrefaction  such  as,  e.  g.,  p-oxyphenylethyla- 
niin.  In  either  case  the  poison  has  a  destructive  influence  on  the  intestinal  mucosa, 
as  well  as  the  more  evident  hemolytic  effect,  and  this  results  in  the  establishment 
of  a  vicious  circle. 

2.  Others  consider  the  disease  to  be  the  result  of  some  change  in  the  lipoid 
metabolism  whereby  large  amounts  of  unsaturated  fatty  acids  such  as  oleic  are 
liberated. 

3.  Hypersplenism  is  a  third  explanation  given  as  a  possible  cause  for  per- 
nicious anemia.  Stasis  or  occlusion  of  the  splenic  artery  causes  congestion  of  the 
sinus  spaces  and  those  erythrocytes  which  come  in  contact  with  the  parenchyma 
are  so  changed  as  to  be  marked  for  destruction. 

4.  The  clotting  ability  of  blood  in  pernicious  anemia  is  reduced,  probably  as 
a  result  of  a  reduction  in  the  number  of  platelets. 

5.  There  is  an  extreme  oligocythemia  and  reduction  in  the  total  volume  of 
blood.     The  hemoglobin  content  of  the  individual  cells  is  relatively  high. 

6.  The  erythrocytes  in  pernicious  anemia  are  more  susceptible  to  such  hemo- 
lytic agents  as  saponin.  This  is  probably  a  result  of  the  decrease  in  the  choles- 
terin  content  of  the  cell  envelope. 

7.  Specific  proteolytic  ferments  may  be  present  in  the  blood  as  appears  to 
be  the  case  in  j^ernicious  anemia  of  horses,  and  homologous  sensitization,  at  least 
in  the  case  of  this  animal,  is  possible. 

8.  The  severity  of  the  anemic  blood  picture  is  an  expression  of  the  dif- 
ference in  the  rate  of  regeneration  set  against  the  rate  of  red  cell  destruction. 

0.  The  only  efficient  method  for  determining  the  rate  of  destruction  lies  in 
quantitative  estimations  of  pigment  production,  and  this  is  best  carried  out  b}- 
examination  of  the  duodenal  contents. 

10.  The  basal  metabolism  is  increased  in  pernicious  anemia  because  of  the 
excessive  oxygen  needs  of  nucleated  reds.  In  s])ite  of  the  low  oxygen  carrying 
ability  per  unit  of  i)lood,  compensation  may  be  effected  by  an  increased  lieart  rate 
and  volume  outjiut. 

11.  Iron  is  dcjiosited  in  large  amounts  in  the  li\cr.  spleen,  lymph  glands, 
and  to  some  extent  in  the  kidney.  The  comparatively  enormous  deposits  of  iron 
in  the  liver  indicate  that  er}throlysis  occurs  in  the  portal  circulation. 

12.  Splenectoni)-  lessens  the  severity  of  the  disease  I)y  increasing  the  re- 
sistance of  the  reds  to  liemolytic  agents.  When  the  hemolymph  glands  and  acces- 
sory spleens  take  on  the  splenic  functif)ti  a  relapse  occurs. 
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13.  Liver  changes  are  characterized  chiefly  by  epormous  deposits  of  hemo- 
siderin. 

14.  Except  in  cases  where  there  is  hemoglobinuria,  iron  deposits  in  the  kid- 
ney are  shght  and  the  amount  of  iron  deposited  is  roughly  proportional  to  the 
degree  of  hemoglobimnna. 

15.  In  all  cases  of  perniciovis  anemia  there  is  achlorhydria,  and  in  a  large 
majority  of  cases  achylia  gastrica  as  well.  Autopsies  have  given  conflicting  re- 
sults as  to  the  condition  of  the  mucosa,  and  the  apparent  deficiency  of  enzymes 
may  be  due  to  the  presence  of  inhibiting  substances.  This,  however,  is  im- 
probable. 

16.  By  injections  of  hemolysins,  such  as  saponin,  experimental  anemias  can 
be  prodticed  in  animals  that  are  apparently  identical  both  in  the  blood  picture  and 
course  with  true  idiopathic  pernicious  anemia. 
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A  REPORT  OF  TWO  CASES  OF  FATAL  HEROIN  POISONING^ 


By  \Vm.  D.  McNally,  A.B.,  Chicago. 

IN  a  review  of  the  literature,  I  found  reported  only  one  case  of  fatal  heroin  M 
poisoning/  with  a  possible  second  case  in  which  the  heroin  was  mixed  with  T 
antipyrine.  Poisoning  with  heroin,  which  did  not  produce  death,  is  reported 
by  Glasgow.-  A  woman  34  years  old,  took  .Oo  gram  of  heroin  hydrochloride. 
After  twenty  minutes  she  complained  of  a  severe  headache,  and  cramps  ex- 
tending to  the  lower  extremities.  The  pulse  was  100  to  110  and  regular. 
The  eyes  were  wide  open,  with  a  fixed  staring  gaze,  and  reacted  to  light.  She 
was  restless  for  two  hovirs,  and  talked  as  if  out  of  her  right  mind.  Most  of 
the  svmptoms  were  those  of  morphine  poisoning.  The  poisoning  reported  by 
Trawick,^  from  a  hypodermic  injection  of  ^^o  grain,  caused,  a  few  minutes 
later,  an  irregular  respiration,  and  the  pulse  almost  ceased.  The  patient  had  ' 
the  appearance  of  a  person  profoundly  under  the  influence  of  an  opiate,  but 
recovered  after  the  administration  of  strychnine,  salt  solution,  and  artificial  res- 
piration. In  the  report  of  W^einzieher,*  a  woman  slept  for  52  hours  after  taking 
.01  gram  of  heroin.  The  symptoms  reported  by  Soles,^  after  a  woman  had 
taken  .167  gram  of  heroin,  were  as  follows:  myosis,  slow  pulse  (40),  subnormal 
temperature,  and  cramps  in  the  extremities.  In  a  case  of  poisoning  reported  by 
Comar  and  Buvaf^  2.8  grams  was  consumed  in  twenty-four  hours  by  a  patient 
resulting  in  a  high  degree  of  nervousness,  feeble-mindedness,  and  a  general 
wretched  condition.  The  heart  and  kidneys  were  less  active  than  normally. 
Harnack^  claims  that  heroin  is  more  poisonous  to  man  than  to  animals,  giv- 
ing a  lengthy  discussion  of  the  pharmacology  of  heroin.  Dreser*  found  that 
the  lethal  dose  for  rabbits  was  100  times  the  therapeutic  dose,  codein  ten  times 
the  therapeutic  dose;  in  other  words,  for  rabbits  codein  is  more  toxic  than 
heroin. J  The  pharmacological  and  therapeutical  literature  is  voluminous,  and 
it  is  only  within  the  last  five  years  that  heroin  has  become  of  toxicological 
interest. 

Case  Mo.  i. — ^There  has  'been  opportunity  for  me  to  study  material  of  a  case  of  heroin 
poisoning,  entered  to  the  service  of  Dr.  Goldsmith,  Ward  22,  of  the  Cook  County  Hospital. 
W.  K.,  age  20  years,  a  salesman,  was  admitted  in  an  unconscious  condition,  and  died  seven 
hours  later.  The  physical  examination  was  comparatively  negative  save  for  coolness  of 
the  body,  a  blue  mottling  of  the  -abdomen  and  a  weak  and  irregular  heart.  The  pupils 
were  contracted.  The  pulmotor  was  used  for  intervals  of  three-quarters  and  one-half 
hours  respectively.  The  stomach  was  washed  out  with  permanganate  solution.  The  res- 
pirations were  very  slow  being  13  per  minute  on  admission  to  the  hospital  and  after  the 
first  use  of  the  pulmotor  were  42.  They  fell  down  to  16  when  the  pulmotor  was  used 
ag^in.  Just  before  death  they  were  19  per  minute.  From  the  postmortem  examination, 
(Dr.  E.  R.  Le  Count)  the  following  anatomic  diagnosis  was  reached:  The  pupils  of  the 
eyes  were  equal  and  dilated,  the  external  surface  of  the  brain  presented  no  change.  Upon 
sectioning  the  pons,  medulla,  and  cerebellar  hemispheres  no  gross  alterations  or  evidence 
of   disease   was   noted.      There   was   an   engorgement   of  the   abdominal   veins    and   marked 

*From   Cook   County   Coroner's   Laboratory,    Chicago,    111. 

JDreser  found  0.1  gram  of  heroin  and  0.1  gram  of  codein  to  be  the  lethal  doses  for  rabbits.  The 
conclusion  derived  was  based  on  the  therapeutic  dose  of  heroin  .001  gram,  and  the  therapeutic  dose  of 
codein   .01    gram.      Using   these   values,    he    obtained    .10  :  .001  =  100    for    heroin.      0.10:. 01  =  10    for    codein. 
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passive  hyperemia  and  edema  of  the  lungs;  petechial  hemorrhages  in  the  epicardium  and 
in  the  lining  of  the  greater  antrum  of  the  stomach;  dilatation  of  the  mitral  ring;  persistent 
lymphoid  tissue  in  the  thymic  hody  ;  hyperplasia  of  the  lymph  nodes  in  the  spleen,  of  the 
lymph  glands,  of  the  solitary  follicles  of  the  stomach,  small  and  large  bowel,  and  of  the 
Peyer's  patches ;  hyperplasia  of  the  aorta  ;  slight  chronic  catarrhal  prostatitis ;  left  o'blitera- 
tive  fibrous  pleuritis.  In  an  examination  of  the  urine,  (made  by  Prof.  W.  S.  Haines 
for  Dr.  E.  R.  Le  Count),  albumin  and  sugar  were  found  to  be  present  in  considerable 
quantities. 

The  results  of  the  chemical  examination  of  the  organs  are  shown  in  Tables  I  and  II.' 


Table  L 

LAB.  NO. 

ORGAN                          1 

WEIGHT 

WT.  USED 

ALKALOID  FOUND 

TOTAL  ALKALOID 

IN  GRAMS 

IN  GRAMS 

IN  GRAMS 

FOUND  IN  GRAMS 

259 

Brain 

1236 

200 

None 

None 

260 

Stomach  contents 

454 

200 

.0414 

.0939 

261 

Intestines 

1315 

200 

.0163 

.1071 

262 

Liver 

1480 

171 

.0018 

.0155 

263 

.   Intestinal  contents 

1020 

300 

.0020 

.0068 

264 

Kidnev 

125.5 

100 

.0007 

.0009 

265 

Spleen 

190 

190 

Trace 

Trace 

266 

Stomach 

349 

120 

.0256 

.0744 

267 

Preservative  on 
261,  263.  and  266 

2250 

.  300 

None 

None 

268 

Preservative  on 
Kidney.  Liver 
and  Spleen 

1040 

200 

.0007 

.0036 

.3022 

The  alkaloid  extracted  from  the  liver,  kidney,  spleen,  the  preservative  in  which  these 
organs  were  held,  the  intestines,  and  intestinal  contents  gave  all  the  reactions  for  morphine. 
The  alkaloid  extracted  from  the  stomach  and  stomach  contents  responded  to  the  tests  for 
heroin. 

Case  Xo.  2. — Mr.  L.  D.,  age  Zl,  entered  the  service  of  Dr.  Portis.  Ward  No.  24,  of 
the  Cook  County  Hospital,  May  25,  1913.  A  transcript  taken  from  the  clinical  record  gave 
the   following : 

Patient  in  a  comatose  condition,  respiration  slow  and  grouped  over  periods  of  one 
and  one-half  minutes,  with  intervening  periods  of  dyspnea  lasting  over  one  minute.  Body 
of  patient  cold.  Skin  is  dry  and  lobes  of  ears  are  cyanotic.  Pulse  is  slow,  small,  regular, 
and  soft.  Pupils  are  pinpoint,  conjunctivae  injected.  No  paralysis.  Lips,  mouth,  and 
throat  are  negative.  Heart  normal,  abdomen  lax,  no  dullness.  Extremities  flaccid,  reflexes 
present.  From  the  postmortem  examination  (Dr.  E.  R.  Le  Count)  the  following  anatomic 
diagnosis  was  made : 

Passive  hyperemia  of  the  lungs,  of  the  brain,  and  of  the  'retroesophageal  tissues; 
marked  edema  of  the  lungs,  jejunum  and  ileum;  marginal  emphysema  of  the  lungs;  slight 
hyperplasia  of  the  spleen.  The  lungs  did  not  collapse  when  the  pleural  cavities,  containing 
a  large  amount  of  fluid,  were  opened.  The  pulmonary  artery  and  its  branches  were 
empty.  The  heart  was  loose  and  flabby.  The  inner  surface  of  the  calvarium  was  of  a 
bluish  gray.  A  large  amount  of  cerebrospinal  fluid  was  present,  being  very  abundant  in 
•he  sulci  of  the  vertex  of  the  brain  where  the  convolutions  are  widely  separated.  There 
were  no  alterations  in  the  fourth  ventricle.  On  the  surfaces  made  by  sectioning  the  brain 
in  the  usual  way,  there  wns  no  gross  disease.  The  blood  from  tlie  heart  gave  a  stron;^ly 
positive  Wassermann   reaction. 

A  portion  of  the  intestines,  stomach,  and  stomach  contents  were  suinnitud  lo  me 
for  examination.  An  analysis  showed  that  the  .ilkaloid  heron  had  been  taken  l>y  the 
deceased.  The  examination  was  not  as  thorougii  as  in  tiie  first  case,  because  the  material 
I'btaincd  was  not  as  abundant.  The  chemical  examination,  results  of  which  are  shown 
in  Table  II.  indicates  tiiat  heroin  can  bo  recovered  from  the  stomacli  and  stomach  con- 
tents unchanged.  The  Stas-Otto  process  was  usr.!  in  extracting  the  alkaloid  from  the 
tissues  in  the  two  cases  reported. 
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Table  II. 


LAB.  NO. 

ORGAN 

WEIGHT 

WT.  USED 

ALKALOID  FOUND 

TOTAL  ALKALOID 

IN  GRAMS 

IN 

GRAMS 

IN  GRAMS 

393 

Intestines 

806 

200 

.0034 

.0137 

394 

Preservative  on 
393  and  395 

1036 

300 

.0008 

.0027 

395 

Stomach 

281.4 

200 

.0153 

.0215 

396 

Stomach  content 

s       47.0 

47. 

.0057 

.0057 

.0436 

i 
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LABORATORY  METHODS 


ANIMAL  INOCULATIONS  SUPPLEMENTARY  TO  AN  INTRODUCTORY 
COURSE  IN  PATHOGENIC  BACTERIOLOGY* 


By  AV.  H.  Manwaring,  M.D.,  and  John  T.  Connell,  B.S., 
Stanford  University,  Caeif. 


T^HE  essential  feature  of  the  introductory  course  in  Pathogenic  Bacteriology 
-■-  in  Leland  Stanford  Junior  University  is  the  inclusion  among  the  required 
student  exercises  of  numerous  animal  inoculations  and  immunizations,  together 
with  introductory  exercises  in  aseptic  surgical  technic.  A  weekly  program  of 
the  course  is  given  in  Schedule  I ;  the  inoculations,  immunizations,  etc.,  in 
Schedule  II. 

The  equipment  for  these  exercises  consists  of  four  small  rooms,  in  easy 
access  to  the  microscopical  laboratory,  serving  as :  animal  room,  autopsy  room, 
inoculation  room,  and  operating  room.  The  cost  of  animals,  feed,  etc.,  is  about 
$5  per  student,  the  students  working  in  groups  of  two. 

No  objection  to  this  work  has  been  made  by  local  antivivisectionists. 

ScHEDULii  I.    Weekly  Program. 

1st    week — Media,  air  colonies,  plating. 

2nd  week — Molds,  yeasts,  chromogens. 

3rd  week — Sajjrophytic,  putrefactive. 

4th  week — Disinfectants,  biological  defenses. 

5th  week — Animal  diseases. 

6th  week — Pyogenic,  subpyogenic. 

7th  week — Anaerobes,  toxemias. 

8th  week — Spirilla. 

9th  week — Midsemester  practical  examination. 
lO^h  week — Typhoid,  dysentery. 

11th  week — Colon,   enteritis    (mixture  of  unknown). 
12th  week — Acid- fast,  higher  bacteria,  blastomycetes. 
13th  week — Sp'rochetes,  protozoa. 
14th  week — Final   practical  examination    ( includes  at 
least  one  autopsy). 

SciiKini.i-.  II.     Ix{)Cui..'\'ri()NS,  Immumz.'VTions,  .Autopsies,  Etc. 

3rd  Week. 

METHOrJS  or  I.NOCUI.ATION,  TESTS  OF  COMMON   S.XPROPU  VTES. 

Tuesday. — Each  group  to  inoculate  four  animals  witli  pure  cultures  obtained  from 
water,  milk,  decaying  vegetable  and  animal  matter,  etc. 

1.  Rabbit:     Intravenously,  2  c.c.  24  hr.  broth,  No.  1. 

2.  Guinea  Pig:     Intraperitoneally,  1  c.c.  24  hr.  broth.  No.  2. 

3.  Pigeon:     Intramuscularly,  1  c.c.  24  hr.  broth.  No.  3. 

4.  Rat:     Subcutancously,  0.5  c.c.  24  hr.  broth.  No.  4. 
Note  clinical  symptoms  daily  for  two  weeks.     No  autopsies. 

BACTERIAI,   DISTRIIU'TION,    NOHMAI.   ANIMAI,   BODY. 

Thurskay.— 5.  Large  Rabbit:  Etherize;  with  aseptic  iirecautions  li;jate ;  (i)  trachea, 
immediately  above  clavicle,  (ii)  trachea,  immediately  below  l.irynx,  (iii)  <"^oi)liaKUs,  middle  ol 

'Presented  before  the  I'ed.iKOKicnl  Section,  Soiielv  of  AiiuTicaii  r.:icleriolo(;i'-ls,  -New  llavcn.  Conn., 
Dec.  28,  1916. 
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neck.  Wash  out  with  sterile  NaCl-Sol. :  (a)  trachea,  below  ligatures,  (b)  trachea,  between 
ligatures,  (c)  trachea,  above  ligatures,  (d)  pharynx,  (e)  esophagus,  above  ligature,  (f) 
pleural  cavity,  (g)  peritoneal  cavity.  With  capillary  pipettes  draw  samples  of:  (h)  heart- 
blood,  (i)  bile,  (j)  urine,  (k)  gastric  contents,  (1)  duodenal  contents,  and  (m)  contents  of 
large  intestine.     Plate  out  one  loopful  of  each  sample  thus  obtained. 

4th  Week. 

BIOLOGICAL    DEFENSES. 

Monday. — 6.  Rabbit:  Draw  10  c.c.  blood,  aseptic  precautions,  carotid  artery.  Allow 
blood  to  coagulate,  store  in  ice  chest  overnight.  On  Tuesday  study  bactericidal  power  (B. 
typhosus)  of:   (a)   serum,   (b)   heated  serum   (60°  C,  30  min.). 

Tuesday. — 7.  Rabbit:  Kill  by  blow  on  back  of  neck,  open  abdomen,  aseptic  precau- 
tions, aspirate  bile,  and  urine.  Remove  stomach  contents,  moisten  with  sterile  salt-solution, 
centrifuge  free  from  undigested  food  material.  Test  bactericidal  power  (B.  typhosus)  of: 
(c)  urine,  (d)  bile,  (e)  gastric  fluid. 

Wednesday.- — 8.  Large  Rabbit:  Inject,  late  in  afternoon,  10  c.c.  5%  aleuronat  into  each 
pleural  cavity.  On  Thursday  kill  rabbit  by  blow  on  back  of  neck,  exsanguinate  from  carotid, 
open  abdomen,  aseptic  precautions,  and  aspirate  pleural  exudate  through  diaphragm.  Make 
smears,  stain  by  Wright's  method.  Defibrinate,  mix  one  sample  with  bacteria  or  spores 
(oral  directions),  incubate,  make  smears  at  end  of  15  min.,  30  min.,  and  1  hour. 

3th  Week. 

INTRODUCTION    TO    PATHOGENICITY,    AUTOPSY    TECHNIC. 

Monday. — 9.  Guinea  Pig:  Subcutaneously,  1  loopful  48  hr.  broth.  B.  anthracis.  Note 
clinical  symptoms  daily.  Expect  autopsy  Wednesday.  Plate  out  heart  blood.  Identify  re- 
covered microorganism.  Make  smears  from  heart  blood,  liver,  spleen,  and  kidney.  Histo- 
logical sections,  will  be  made  for  you. 

10.  Pigeon:  Intramuscularly,  same  dose,  B.  anthracis.  Follow  clinical  symptoms  daily 
for  one  w-eek.     No  autopsy. 

11.  Male  Guinea  Pig:  Intraperitoneally,  1  c.c.  48  hr.  broth.  B.  mallei.  Note  clinical 
sj'mptoms  daily  for  10  days.     No  autops}'. 

Thursday. — 12.  Rabbit,  Guinea  Pig,  or  Pigeon:  Subcutaneously,  1/10  loopful  24  hr. 
broth,  B.  pleurisepticus.  Expect  autopsy  Friday.  Recover  and  identify  microorganism,  from 
heart  blood.     Make  smears  from  heart  blood,  liver,  spleen,  and, kidney. 

Friday. — Inoculate  three  flasks,  special  broth,  B.  diphtheriae  (Park  No.  8).  Incubate 
10  days. 

6th  Week. 

pyogenic,  subpyogenic. 

Monday. — 13.  Rabbit:  Intravenously,  1/20  c.c.  48  hr.  broth,  S.  aureus.  Note  clinical 
symptoms  daily.  Expect  autopsy  in  about  four  days.  If  animal  does  not  die,  etherize  on 
Friday.  Plate  out  heart  blood,  and  material  from  abnormal  areas  in  heart  muscle,  kidney,  etc. 
Make  smears  from  abnormal  areas.     Histological  sections  will  be  made  for  j-ou. 

14.  Rabbit:  Subcutaneously,  1/4  c.c.  24  hr.  CaCOs  broth,  S.  pneumoniae.  Expect  autopsy 
Tuesday.  Recover  and  identify  microorganism  from  heart  blood,  using  special  media.  Make 
smears  from  heart  blood,  liver,  kidney,  and  spleen. 

Wednesday. — 15.  Small  Rabbit:  Intraperitoneally,  4  c.c.  mixed  sputum.  Expect 
autopsy  Thursday.  Plate  out  heart  blood,  using  special  blood-agar.  Identify  microorganisms 
isolated. 

^th  Week. 

toxemias,  anaerobes. 
Monday. — Filter  one  special  10-day  culture  B.  diphtheriae.     Test  sterility  of  filtrate. 
Tuesday. — Centrifuge  and  wash  the  bacilli  in  one  special  10-day  culture  B.  diphtheriae. 
Suspend  washed  microorganisms  in  original  volume,  physiological  saline. 

16.  250  gm.  Guinea  Pig:     Subcutaneously,  1/4  c.c.  special  10-day  culture,  B.  diphtheriae. 

17.  250  gm.  Guinea  Pig:  Subcutaneously  ]4  c.c.  special  10-day  culture,  B.  diphtheriae; 
followed  by  1/10  c.c.  diphtheria  antitoxin,  intraperitoneally. 

18.  250  gm.  Guinea  Pig:     Subcutaneously  ]4  c.c.  filtrate,  from  same  culture. 

19.  250  gm.  Guinea  Pig:  Subcutaneously  V4  c.c.  suspension,  washed  B.  diphtheriae. 
Note  clinical  symptoms  daily  for  7  days.  If  animals  die,  make  Loeffler's  blood  serum  cultures 
from  heart  blood,  and  site  of  injection.  Note  conditions  of  internal  organs,  particularly  the 
adrenals,  stomach  and  peritoneal  surfaces. 
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20.  Guinea  Pig:  Subcutaneously,  ]4  c.c.  24  lir.  broth,  B.  edematis.  Note  general  and 
local  symptoms  daily.    If  death  results,  make  smears  from  local  lesions,  liver,  and  heart  blood. 

8ih  Week.. 

SPIRILLA. 

Tuesday. — 21.  Pigeon:     Intramu.'xularly,  1  c.c.  24  hr.  broth,  S.  cholerae. 

22.  Pigeon:  Intramuscularly,  1  c.c.  24  .hr.  broth,  S.  metchnikovii.  If  death  results, 
isolate  and  identify  microorganisms  from  heart  blood.  Make  smears  from  heart  blood  and 
site  of  inoculation. 

6ih-ioth  Week. 
AGGLUTINATING  SERA. 

23.  Rabbit:  Six  repeated  injections,  three  to  five  day  intervals,  1  c.c.  24  hr.  broth,  B. 
typhosus  or  B.  dysenteriae.  Make  first  two  injections  subcutancously  with  killed  cultures 
(60°  C,  1  hr.)  ;  second  two  intraperitoneally,  and  last  two  intravenously  with  living  cultures. 
Eight  to  ten  days  after  the  last  injection  draw  serum,  carotid  artery,  aseptic  precautions. 
Determine :  titer,  specificity. 

7th-i2th  Week. 

TUBERCULOSIS. 

24.  Guinea  Pig:     Intraperitoneally.  1  c.c.  suspension,  B,  tuberculosis. 

25.  Guinea  Pig:  Intraperitoneally.  1  c.c.  tuberculous  sputum.  Keep  animal  in  special 
cage.  Examine  twice  weekh.  Etherize  about  four  weeks  later.  Histological  sections  will  be 
made  for  you. 

loth-iith  Week. 

ANAPHYLACTIC  REACTION. 

26.  27.  2C0  gm.  Guinea  Pigs:  Subcutaneously,  1/40  c.c.  goat  serum  :  Test  guinea  p'gs 
14  to  18  days  later,  3  c.c.  goat  serum,  injected  through  ball  of  hind  foot.  Make  similar  in- 
jection into  a  normal  control.     If  animals  die,  open  thorax  and  determine  condition  of  lungs. 

loth- 1 3th  Week. 

HEMOLYSIS. 

28.  Rabbit:  Four  repeated  injections,  three  to  five  day  intervals  1  c.c.  25%  suspenj;ion 
goat  corpuscles  (suspensions  will  be  prepared  for  you).  Draw  serum,  marginal  vein,  eight 
to  ten  days  after  the  last  injection.  Test:  Inactivation,  reactivation  with  guinea  pig 
complement. 

13th  Week. 

TRYPANOSOMES,    SPIROCHETES. 

Monday. — 29.  IVhite  Rat:     Subcutaneously,  ^  c.c.  rat's  blood.  T.  lewisi. 

30.  White  Rat:     Subcutaneously,  I4  c.c.  rat's  blood,  S.  recurrens. 
Examine  blood  daily.    Make  smears  at  height  of  infection.     No  autopsy. 

4'h-i2th  Week. 

ASEPTIC   SURGICAL  TECHNIC. 

31,  2)2.  Large  Rabbit.s:  Each  group  to  do  two  laparotomies.  Among  the  operations 
recommended  are :     (a)  Nephrectomy;  (b)  Splenectomy;  (c)  Ligation  of  inferior  vena  cava. 


NOTE   ON   TECHNIC   WITH   FRIDERICIA   APPARATUS 


By   Miles  J.   Breuer,   M.D.,   Lincoln,   Neb. 


TX  the  Joitnia!  of  Lahoralory  and  Cliiiical  Medicine.  .\i'ril,  1!M().  ;ii>i)cars  a 
^  description  by  J.  J.  R.  Alacleod  of  the  ai)[)aratus  and  technic  lor  determining 
the  alveohir  COo  by  the  I'ridcricia  method.  In  following  tliis  technic,  I  was 
impressed  with  a  consideral)lc'  variation  in  the  results  of  determinations  in  close 
succession  and  on  the  same  person,  on  myself  for  instance.  The  inaccm;ic\- 
was  traced  to  the  following  cause.     After  the  enclosed  air  i>>  shaken   with   the 
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alkali,  being  shut  in  at  both  ends  by  the  stopcocks,  Macleod's  directions  read  that 
the  stopcock  B  should  be  turned  into  such  a  position  that  the  water  in  which  the 
apparatus  is  immersed,  will  run  into  the  graduated  tube.  (This  would  actually 
be  the  position  of  Fig.  iii,  and  not  that  of  Fig.  ii  as  stated  there,  the  latter  being 
probably  a  typographical  error.) 

When  the  stopcock  B  is  turned  into  such  a  position,  so  that  the  water  will 
run  up  into  the  graduated  portion,  it  will  usually  carry  with  it  a  bubble  of  air, 
which  has  been  held  inside  the  stopcock.  When  the  surplus  alkali  is  allowed  to 
run  out,  the  stopcock  is  emptied,  and  as  it  is  turned  off,  the  air  is  enclosed  in 
it.  Then,  when  the  water  runs  up  into  the  graduated  portion,  the  bubble  is  car- 
ried with  it.  This  is  obviated  by  the  following  modification  of  the  technic  as 
given  by  Macleod. 

After  shaking  up  the  enclosed  air  with  the  alkali,  immerse  the  apparatus 
up  to  the  stopcock  A  in  a  cylinder  of  water,  and  turn  the  stopcock  into  position 
as  shown  in  Fig.  ii,  so  that  the  water  will  run  first  into  the  ungraduated  side  of 
the  instrument,  filling  the  interior  of  the  stopcock  with  water.  Then  the  stop- 
cock is  turned  into  the  position  shown  in  Fig.  iii,  so  that  the  graduated  side 
communicates  with  the  water  outside. 

With  this  change  in  the  technic,  I  have  been  able  to  obtain  very  consistent 
and  accurate  results. 


CYANIDE  POISONING  IN  A  CASE  OF  TYPHOID  FEVER 

By  Ludvig  Hektoen,  M.D.,  Walter  S.  Haixes,  M.D.,  axd 
Victor  C.  Vaughax,  M.D. 


THIS  report  concerns  a  man,  about  30  years  old,  previously  in  good  health, 
who  was  in  the  early  stages  of  typhoid  fever  and  receiving  the  usual 
treatment.  At  3:30  p.m.  on  the  second  or  third  day  after  he  had  taken  to  bed 
he  received  a  particular  capsule,  which  there  is  reason  to  believe  contained 
potassium  cyanide,  and  about  half  an  hour  later  he  was  seized  with  a  convulsion 
and  became  unconscious.  The  details  are  given  below  as  taken  from  the  nurse's 
chart. 


Dec. 


Time. 

Temp. 

Pulse. 

,       1         A.M. 

102.8 

99 

3 

102.6 

98 

6 

101.4 

98 

9y2  " 

99.8 

78 

12           M. 

100.8 

80 

23/i     P.M. 

103.4 

96 

3/.     " 

Resp.  Notes. 


Slept  2y2  hours  during  night. 


22 

Receives  a  particular  capsule;  vomits  a 
little;  at  4  o'clock  he  is  seized  with  a  convulsion  and  becomes  unconscious; 
the  arms  are  bent  and  drawn  up,  the  hands  clenched,  the  legs  rigid,  the 
eyes  open  and  staring,  the  jaws  locked,  the  face  pale  and  somewhat 
cyanosed,  and  a  peculiar  humming  sound  is  produced  in  the  throat.  Tlie 
pulse  weak  and  fluttering.  Digitalin  gr.  i/ioo  and  strychnine  gr.  Vw  and 
nitroglycerine  gr.  Vioo- 
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XoTES. 
Patient  quieter. 

%   gr.   morphine   hypoderniically. 
}i  gr.  morphine  again. 

Still    rigid ;    morpliine    gr.    ^  s    hypodermi- 

cally. 
Seems  more  relaxed. 

Strychnine   gr.   Hoo    hypodermically. 

Arms  and  legs  rigid. 

Morphine  gr.  %  hypodermically. 

jMorphine  gr.  %,  strychnine  gr.  ^4()  hypo- 
dermically. 

Respirations  shallow. 

Rigid ;    jerks   arms   and   legs   at   intervals. 

Morphine  gr.  Vg,  strychnine  gr.  V^n  hypo- 
dermically. 


Respiration   shallow. 
Leucocytes   3-4000   per   c.mm. 
Delirious;  nitroglycerine  lioo  gr. 


A  particular  capsule. 

Very  restless. 
Convulsion — Death. 

Soon  after  death  the  body  was  injected  with  a  fluid  containinsi  formalde- 
hyde and  placed  in  a  vault.  The  postmortem  examination  was  made  23  days 
later.  The  body  was  in  an  excellent  state  of  preservation  and  there  was  what 
was  regarded  as  "some  superficial  bruises  of  the  skin  of  the  legs.''  There  was 
well  marked  swelling  of  Peyer's  patches  and  lymph  follicles  in  the  small  in- 
testines, most  marked  nearest  the  ileocecal  valve.  The  spleen  was  enlarged  and 
deep  red  in  color.  The  liver  was  nonnal  in  size  and  showed  on  microscopic 
examination  many  typical  areas  of  focal  necrosis.  The  right  chest  cavity  was 
obliterated  by  firm  adhesions  and  the  posterior  parts  of  the  lower  lobes  of  both 
lungs  were  deeply  congested  and  in  ])art  solid.  The  pia  of  the  brain  was  con- 
gested.    All  the  other  organs  appeared  to  be  normal. 

The  chemical  analysis  (by  Haines  and  Vaughan )  gave  small  amounts  of 
strychnine  in  the  contents  of  tlie  stomach  and  in  the  liver  and  (lefniile  indications 
of  cyanide  in  the  stomach  contents. 

Of  the  symptoms  of  cyanide  poisoning,  the  slowing  of  the  respiration  ob- 
served for  some  hours  after  the  first  con\ulsi(in  is  highly  significant. 


T  1  M  K. 

Temp. 

Pulse. 

Re.^p 

Dec.  5,    43/i  P.M. 

104.2 

132 

"    "     54    '• 

103.4 

120 

'•     "     634     " 

102.6 

108 

11 

"      "       7V4      " 

101.8 

106 

16 

"     ••     834     " 

102. 

104 

••  "   934  " 

101.6 

104 

18 

-  "  1034  " 

101.8 

106 

16 

"  "  1134  " 

102.6 

108 

Dec.  6.  Ui4  A.M. 

102.6 

104 

16 

■'     "      134     " 

103.4 

108 

18 

"    "     234     " 

103.4 

108 

16 

••    "     334    " 

104.^ 

108 

16 

'•    "     44     " 

"    "     534     " 

105. 

112 

12 

"    "     7 

105.6 

134 

16 

"    "     734     " 

104.6 

120 

12 

•'    "     8/.     " 

105.2 

138 

"    •'    10/2     " 

106.6 

140 

26 

"    "    111/2     '• 

105.6 

136 

24 

"       "     124     P.M. 

106. 

140 

32 

"       "        1 

1.       i>         -)             n 

106. 

144 

30 

Dec.  6,    2^    P.M. 

107.8 

Uncount- 
able. 

56 

;;  [[   334  '[ 

106.5 

'■ 

45 

4 
•'  "   41/2  " 

106.2 

150 

38 

"  "   54  " 

104.6 

148 

30 

"  "   7     " 

104.2 

140 

48 

IMPROVED  TEST  FOR  INDICAN  IN  URINE* 


By  Fritz  C.  Askenstedt,   M.D.,   Louisville,   Ky. 


THE  clinical  significance  of  indicanuria  is  still  a  subject  of  much  confusion 
largely  because  the  clinical  tests  for  indican  in  common  use  are  imreliable. 
This  will  be  made  apparent  by  even  a  brief  consideration  of  the  chemical  changes 
to  which  indican  is  subject,  during  the  performance  of  the  tests.  By  oxidation 
two  molecules  of  the  colorless  indican  (Cj;H-NS04)  are  converted  into  one  of 
indigo-blue  (CifjHjoNgOo)  which  by  further  exposure  to  oxygen  is  as  readily 
reduced  to  the  reddish  yellow  isatin  (C^H-NOo).  Since  the  estimation  of  indi- 
can is  always  made  on  the  amount  of  blue  color  obtained  after  indi- 
can has  been  converted  into  indigo-blue,  it  is  of  utmost  importance  to  the  ac- 
curacy of  the  test  that  all  of  the  indican  present  be  converted  to  indigo-blue, 
and  that  this,  as  soon  as  formed,  shall  be  protected  from  further  oxidation. 
Chloroform,  in  which  indigo  but  not  indican  is  soluble,  serves  to  protect  the 
indigo-blue  from  further  chemical  action.  While  the  ordinary  tests  for  indican 
are  based  on  the  above  fundamental  facts,  grossly  inaccurate  estimates  very 
often  result  from  misuse  or  neglect  of  the  following  technical  points : 

1.  Proper  Selection  and  Use  of  Oxidiaing  Agent. — Even  with  the  most 
thorough  mixing  of  the  oxidizing  agent  with  the  urine,  the  oxidation  of  all  the 
molecules  of  indican  contained  in  the  urine  does  not  take  place  simultaneously 
but  progresses  quantitatively,  which  renders  the  molecules  of  indigo-blue  first 
formed  liable  to  conversion  into  isatin  before  all  the  indican  has  been  oxidized. 
The  rapidity  with  which  these  processes  of  oxidation  occurs  depends  upon  the 
energy  of  the  oxidizing  agent,  its  concentration,  and  the  temperature  of  the 
mixture.  It  is  apparent  that  with  an  energetic  oxidizer,  such  as  potassium  per- 
manganate, the  changes  are  much  less  tuider  control  than  when  a  less  energetic 
substance,  as  ferric  sesquichloride,  is  employed.  The  practice  of  adding  a  few 
drops  of  a  solution  of  potassium  permanganate  to  a  mixture  of  urine  and  hydro- 
chloric acid  has  been  found  a  faulty  technic,  because  in  addition  to  the  disad- 
vantages of  an  energetic  oxidizer,  there  is,  at  least  for  a  moment,  an  uneven  dis- 
tribution of  the  oxidizer,  thereby  overcharging  a  part  of  the  urine,  with  the 
result  of  rapid  isatin  formation.  An  oxidizing  agent  of  only  moderate  energy 
and  with  the  largest  possible  surface  of  distribution  is,  therefore,  to  be  pre- 
ferred. 

2.  Temperature. — An  objection  to  a  low  grade  oxidizer,  as  the  perchloride 
of  iron,  is  the  prolonged  shaking  with  chloroform  for  extraction  of  the  indigo, 
made  necessary  by  the  tardy  action  of  the  reagent.  The  simple  direction  to  shake 
the  mixture  a  few  times  and  then  set  it  aside  for  precipitation  of  the  chloroform 
is  entirely  inadequate.  The  necessary  duration  of  this  process  of  extraction 
with  chloroform  is  a  serious  objection  to  a  general  adoption  and  correct  usage 


*For   helpful    sua:gestiiins    in    the    development    of    the    tests    for    indican    I    wish    to    acknowledge 
debtedness  to   Dr.   Clififord   Mitchell,   of   Chicago. 


IMPROVED  TEST  For  indican  in  urine  579 

of  such  a  reagent,  but  the  period  of  shaking  can  be  materially  shortened  by 
raising  the  temperature  of  the  urine  to  130  to  1-iO  degrees  F.  When  the  per- 
manganate is  to  be  used,  warming  the  urine  simply  increases   the  perplexities. 

3.  Extraction  of  Indigo. — Chloroform  seems  the  most  satisfactory  agent. 
It  should  be  added  to  the  urine  and  well  mixed  with  it  before  the  oxidizer  is 
added,  to  insure  immediate  extraction  of  the  molecules  of  indigo  first  formed. 
Chloroform  is  capable  of  holding  only  a  small  amount  of  indigo  in  solution,  and 
therefore  soon  becomes  saturated  when  shaken  with  a  mixture  rich  in  this 
ingredient.  A  common  fault  of  most  clinical  tests  for  indican  is  that  the  quan- 
tity of  chloroform  added  is  too  small,  and,  as  has  already  been  intimated,  the 
duration  of  the  extraction  of  indigo  entirely  too  short.  These  two  defects  can 
not  be  too  strongly  emphasized. 

•i.  Concentration  of  Urine. — Practically  all  urines  contain  indican.  The 
detection  of  indican  is,  therefore,  of  no  more  value  than  the  revealed  presence  of 
urea  or  phosphates.  Qualitative  tests  for  such  normal  ingredients  of  the  urine 
are  of  value  only  if  standardized  foj"  a  definite  concentration,  as  well  as  qviantity, 
of  urine.  A  reaction  that  is  normal  to  a  urine  of  a  specific  gravity  of  1030,  may 
prove  decidedly  abnormal  to  a  urine  of  1010.  A  uniform  concentration  or  dilu- 
tion of  the  urines  to  be  tested  is  accordingly  a  prerequisite  to  a  practical  quali- 
tative test  for  indican. 

.").  Contaminating  Substances. — It  has  been  positively  demonstrated  that 
certain  gases  in  the  laboratory,  notably  formaldehyde,  interfere  with  the  con- 
version of  indican  to  indigo.  For  this  reason  the  laboratory  should  be  properly 
ventilated  and  all  utensils  duly  cleansed  before  using. 

The  qualitative  test  for  indican  described  below  is  a  simplified  procedure  of 
the  writer's  quantitative  test  published  in  the  New  York  Medical  Journal,  June, 
1912,  and  is  offered  to  those  practitioners  who  can  not  afford  the  twelve  minutes 
necessary  for  a  quantitative  determination. 

Dilute  the  urine  until  it  has  a  sp.  gr.  of  1005.  For  example,  if  urine  shows 
a  sp.  gr.  of  1017,  dilute  five  parts  of  urine  with  twelve  parts  of  water;  if  its 
sp.  gr.  is  1021,  dilute  five  ])arts  of  the  urine  with  sixteen  parts  of  water,  etc., 
corrections  being  made  for  temperature.  An  exception  is  made  for  diabetic 
urine,  which  is  diluted  until  its  urea  content  is  0.5  ])er  cent.  Place  10  c.c.  of 
the  diluled  urine  in  a  test  tube  and  warm  over  a  llame  until  the  lower  end  of 
the  tube  begins  to  feel  hot  to  the  hand.  Then  add  8  c.c.  chloroform  and  mix 
by  shaking  a  few  times.  Ten  cubic  centimeters  of  a  solution  of  0. 1  i>er  cent 
pcrchloride  ot  iron  in  concentrated  livdrocliloric  acid  ( ( )l)ornu'yor's  I'cagent  )  is 
now  added,  and,  with  the  tube  duly  sto])pered,  (|uickly  extract  the  indigo  by 
shaking  the  tube  two  minutes,  holding  it  in  a  horizontal  position.  l>y  releasing 
the  stopper  once  or  twice  during  llu-  procedui  c,  scpiirting  will  be  prevented. 
After  this,  let  the  chloroform  fall  to  the  bolloni  of  the  tube,  llicu  pour  olT  n;o.st 
of  the  su])ernalant  tluid,  lill  the  tube  nearh  full  with  water,  in\cn  il  .i  'ew 
times  to  wash  the  chloroform,  and  let  it  again  pi-eeipilale  in  the  tulie.  It'  indi- 
can is  normal  in  amount,  the  chloroform  will  remain  while  or  show  a  mere  irace 
of  blue.     Any  increase  in  blue  exhibits  a  proportionate  excess  of  indican        The 
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reading  should  be  made  as  soon  as  the  chloroform  is  precipitated,  for  on  stand- 
ing, the  chloroform  slowly  becomes  transparent,  with  an  increase  in  the  shade  of 
blue  when  present. 

Years    of    experimentation    have    demonstrated    the    accuracy    and    clinica)' 
value  of  this  test. 


THE   DIAGNOSIS  OF   MALIGNANT  TUMORS   BY  PARAFFIN 
SECTIONS   OF  CENTRIFUGED   EXUDATES* 


By  F.  S.  Mandlebaum,  M.D.,   New  York  City. 


AS  an  aid  in  the  identification  of  tumor  cells  or  minute  fragments  of  tumor 
tissue  in  pleural  or  ascitic  fluids,  an  examination  of  the  sediment  by  the 
histological  methods  employed  in  routine  tissue  work  has  given  excellent  results 
for-  many  years  and  has  supplanted  the  examination  of  stained  smears  prepared 
from  the  fresh  sediment. 

Briefly  stated,  the  technic  of  this  simple  method  is  the  following: 

1.  The  sediment  is  obtained  in  large  conical  tube's  by  means  of  the  centri- 
fuge. A  small  quantity  of  fluid  may  prove  sufficient,  but  where  large  amounts 
have  been  aspirated  at  least  500  c.c.  should  be  centrifuged. 

2.  Carefully  decant  the  supernatant  fluid,  or  better  still,  remove  the  fluid 
with  a  pipette  and  large  rubber  bulb. 

3.  Cover  the  sediment  with  a  deep  layer  of  10  per  cent  formalin  which 
must  be  added  by  means  of  a  pipette  or  gently  poured  into  the  tube  to  avoid 
disturbing-  the  sediment. 

4.  After  six  to  twelve  hours,  depending  upon  the  amount  of  sediment, 
carefully  remove  the  formalin  and  replace  by  alcohol  95  per  cent  for  twenty- 
four  hours. 

5.  Remove  the  disc  of  fixed  and  hardened  sediment  by  means  of  a  thin 
knife  blade.  Transfer  through  absolute  alcohol  and  chloroform  into  paraffin 
in  the  usual  manner,  trimming  down  the  block  if  necessary. 

6.  Cut,  mount  and  stain  sections  as  in  routine  histological  examinations. t 
Microscopic  examination  of  the  sections  obtained  by  this  simple  procedure 

reveals  tumor  cells  when  present,  or  even  tiny  fragments  of  tumor  tissue  suffi- 
cient to  establish  the  diagnosis  of  a  malignant  growth.  If  stained  smears  made 
from  the  fresh  sediment  are  compared  with  the  sections,  the  advantages  of  the 
method  just  described  are  apparent. 

An  accurate  diagnosis  of  malignant  tumors  of  the  lung  and  pleura  or  of 
abdominal  organs  accompanied  by  ascites  has  been  made  by  this  method  in  a 
considerable  number  of  cases,  the  diagnosis  being  confirmed  subsequently  by 
the  clinical  picture  or  by  autopsy.  A  detailed  account  of  these  cases  with  the 
significance  of  budding  cells,  mitotic  figures  and  other  cytologic  criteria  is  in 
preparation. 


i 


*From   the    Pathological   Department,   Mount    Sinai    Hospital,    New    York    City. 

JSeveral  years  ago,  in  the  examination  of  a  case  of  actinomycosis,  the  writer  succeeded  in  obtain- 
ing excellent  sections  from  a  drop  of  pus  which  was  fixed  in  formalin  and  embedded  in  celloidin:  Eroc- 
New   York   Path.    Soc,    1901,    178, 
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EDITORIALS 


The  National  Research  Council 

THE  National  Academy  of  Science  was  chartered  by  Congress  in  1863,  and 
it  is  the  only  scientific  body  in  this  country  possessed  of  a  Congressional  char- 
ter.    In  this  charter  it  was  stated  that  one  of  the  purposes  of  this  organization 
would  be  to  advise  Congress  and  the  President  concerning  scientific  matters. 
From  its  foundation  up  to  recent  times,  Congressional  Committees  occasionally 
consulted  the  Academy  concerning  scientific  subjects.     When   ]\Ir.   Wilson  be- 
came President,  there  were  vacancies  in  three  scientific  bureaus  and  he  asked 
the  National  Academy  of  Science  to  nominate  men  for  these  positions.     This 
was  done,  and  the  appointments  were  made  from  the  nominees.     In  .\pril,  1!>U>, 
President   Wilson  asked   the   National    .Academy  of   Science   to   appoint   a   com- 
mittee, to  be  known  as  the   National   Research   Council,   whose  chief   function 
would  be  to  encourage   scientific   research   in   this   country,   and   to   advise   the 
'    Government  concerning  scientific  needs.     In  accordance  with   this  retjuest,   the 
I    Council   was   appointed   and   held   its   first   meeting   in    Sei»tember,    IKKi.      'i'he 
j    Council  numbers  more  than  fort}',  and  the  work  since  the  first  general  meeting 
I    has  been  done  by  an  Executive  Committee  of  ten.     The  men  on  this  Comniit- 
j    tee  have  served  without   financial   recom[)ense.  ha\e   met   twice  a   montii,   with 
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occasional  extra  meetings,  and  have  attempted  to  correlate  the  scientific  work  in 
educational  institutions,  in  special  research  laboratories,  and  in  industrial  science. 
Special  committees  have  been  appointed  to  undertake  this  work  in  different 
departments  of  science. 

The  rapid  approach  of  war  has  led  the  Council  to  concentrate  its  efforts 
upon  war  problems.  While  the  Council  covers  the  whole  field  of  science,  we  are 
specially  interested  in  that  part  of  it  concerned  with  medicine  and  hygiene. 
Among  the  problems  that  have  been  formulated,  and  at  which  men  are  now  at 
work,  we  may  mention  the  following: 

1.  Antitoxins. — There  are  ten  or  twelve  commercial  firms  preparing  diph- 
theria and  tetanus  antitoxins.  Under  the  present  law,  all  of  these  are  working 
tmder  the  supervision  of  the  Public  Health  Service.  All  manufacturers  of 
biological  products  must  be  licensed  by  the  Federal  Government,  arid  the 
license  is  issued  only  after  inspection.  Besides  this,  the  Public  Health  Service 
goes  on  to  the  market  at  least  once  a  month,  buys  these  antitoxins,  and  ascertains 
experimentally  whether  or  not  they  come  up  to  standard.  It  seems  that  we 
can  rely  upon  commercial  houses  to  supply  diphtheria  and  tetanus  antitoxins.  In 
this  connection  it  is  well  to  know  that  the  British  Army  surgeons  have  come  to 
the  conclusion  that  the  protective  dose  of  tetanus  antitoxin  need  not  exceed  five 
hundred  units. 

Flexner,  in  charge  of  the  Rockefeller  Institute,  has  undertaken  to  become 
responsible  for  the  preparation  and  supply  of  serums  for  the  treatment  of  pneu- 
monia, dysentery,  and  meningitis.  Experience  on  the  Texas  border  has  shown 
that  the  serum  prepared  in  the  Rockefeller  Institute  for  the  treatment  of  pneu- 
monia of  type  No.  1  is  highly  efficient.  The  data  concerning  the  efficiency  of 
dysentery  serums  are  not  altogether  satisfactory.  There  has  been  more  or 
less  dysentery — much  more  than  there  should  have  been — on  the  Texas  border. 
Flexner  has  undertaken  the  responsibility  of  the  preparation  and  supply  of  this 
serum.  In  this  connection,  it  may  be  well  to  state  that  Dakin  reports  that  Dale 
has  prepared  a  mixture  of  emetin  with  bismuth  iodide  which  may  be  given  by 
the  mouth  and  which  has  proved  of  marked  service  in  dysentery. 

INIajor  Craig  has  found  that  the  commercial  serum  obtainable  is  not  reliable 
in  the  treatment  of  meningitis.  Fifty  per  cent  of  the  cases  of  this  disease  treated 
with  this  serum  ended  fatally.  On  the  other  hand,  of  ten  cases  treated  with  the 
Flexner  serum,  only  one  died,  and  this  man  was  practically  moribund  when  re- 
ceived at  the  hospital.  Flexner  has  agreed  to  take  the  responsibility  for  the 
preparation  and  supply  of  this  serum. 

2.  J^accines. — McCoy  of  the  Hygienic  Laboratory  will  take  the  responsi- 
bility of  securing  from  commercial  houses  and  testing  smallpox  vaccine.  Some 
important  researches  on  various  points  connected  with  smallpox  vaccination 
are  being  carried  out  in  the  University  of  California.  Special  attention  is  being 
given  there  to  the  intradermal  method.  This  produces  only  a  small  pustule,  thus 
decreasing  the  probability  of  dangerous  infection,  and  at  the  same  time  seems  to 
give  complete  immunity.  The  possibility  of  using  the  purified  vaccine  of 
Noguchi  is  being  investigated. 
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There  seems  to  be  good  reason  for  having  all  the  typhoid  vaccine  prepared 
in  one  laboratory  and  under  one  direction.  This  secures  uniformity.  Colonel 
Arthur,  in  charge  of  the  Army  Medical  Corps  in  Washington,  reports  that  the 
laboratory  of  that  school  will  be  prepared  to  furnish  enough  typhoid  vaccine  to 
vaccinate  five  million  men  as  fast  as  they  can  be  enlisted.  Information  from  our 
allies  in  Europe  concerning  polyvalent  vaccines  is  being  sought. 

3.  Poisonous  Gases. — Several  chemists  are  already  at  work  collecting  ma- 
terial already  known,  and  making  further  investigations  concerning  the  best 
methods  of  neutralizing  the  poisonous  gases  that  have  been  used  in  the  European 
war.  The  gases  which  have  been  most  used  are  chlorine,  bromine,  hydrocyanic, 
carbon  monoxide,  and  an  arsenical  gas. 

4.  Excreta. — Major  Craig  thinks  that  while,  on  the  whole,  methods  of  dis- 
posal of  excreta  at  present  in  use  in  our  Army  are  satisfactory,  improvement  can 
be  made.  In  permanent  and  semi-permanent  camps  incinerators  give  good  re- 
sults. The  possibility  of  mixing  some  chemical  with  the  fecal  matter  in  order  to 
hasten  its  destruction  is  under  consideration. 

5.  Drinking  Water. — There  seems  to  be  no  difficulty  in  securing  safe  water 
in  the  large  camps.  The  Lyster  hypochloride  bag  has  been  used  on  the  border 
and  on  the  incursion  into  Mexico,  and  has  proved  quite  satisfactory.  There  is 
much  need,  however,  of  some  tablet  or  ampul  which  the  soldier  may  carry  and 
which  he  may  drop  into  his  canteen  when  he  is  compelled  to  fill  it  from  doubtful 
or  unknown  sources.  There  have  been  many  cases  of  dysentery  in  Mexico  and 
along  the  Texas  border  due  to  taking  water  from  doubtful  sources,  especially 
when  men  are  on  scout  duty,  or  when,  for  any  reason,  they  are  not  within  reach 
of  the  general  water  supply  of  the  camp.  It  is  expected  that  valuable  information 
will  be  secured  along  this  line  from  those  who  have  been  in  Europe. 

6.  Rations. — It  seems  to  be  the  general  opinion  among  army  medical  men 
that  the  present  ration  is  well  balanced  and  is  satisfactory.  \\'e  understand  that 
in  the  Mesopotamia!!  campaign  compressed  yeast  has  been  issued  in  order  to 
supply  vitamins.  It  has  been  suggested  that  since  cranberries  keep  so  easily, 
there  might  be  a  ration  containing  this  valuable  and  delectable  ingredient.  The 
whole  question  of  the  food  supply  of  the  nation  and  its  distribution  is  under  con- 
sideration by  the  Council.  We  have  such  men  as  Taylor,  Lusk,  and  Folin  and 
others  who  are  most  competent  to  advise  along  this  line,  and  their  advice  should 
be  sought  and  followed  before  we  really  feel  the  necessity  of  regulating  food 
distribution  and  consumption. 

7.  Preserved  Foods. — The  Canning  Association  has  placed  in  the  hands  of 
the  Harvard  Medical  School  the  sum  of  $20,000  a  year  to  be  used  by  Kosenau  in 
studying  their  products.  Rosenau  is  working  under  a  Committee  selected  by  llie 
National  Research  Council.  This  work  will  include  everything  pertaining  to 
preserved  foods,  the  possibility  of  their  contamination  and  of  food-poisoning 
resulting  therefrom. 

8.  Soldiers'  CloiJiing. — So  far  there  has  been  no  iniiiortant  criticism  ol  the 
present  clothing,  nor  suggestions  concerning  impro\etnenl.  Color,  weight,  dura- 
bility, imperviousness  to  moisture,  are  some  of  the  factors  that  nni>t  l»e  taken  into 
consideration. 
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9.  Infected  ]]'ounds. — Our  veteran  surgeon,  Keen,  is  preparing  a  report  upon 
knowledge  acquired  during  the  present  war  in  the  treatment  of  infected  wounds. 
Surgeons  who  have  been  to  the  war  zone  in  Europe  are  requested  to  communicate 
with  Dr.  Keen. 

10.  Shock. — Much  good  work  has  been  done,  and  some  of  the  best  of  it  by 
American  investigators  on  shock.  ,  We  have  such  authorities  as  Porter,  Crile, 
Cannon,  Janeway,  and  others,  and  it  is  expected  that  such  men  will  collect  and 
arrange  for  service  all  of  the  best  information  along  this  line. 

11.  First- Aid  Dressings. — Whether  the  first-aid  package  carried  by  the 
American  soldier  now  can  be  improved  upon  is  a  question.  There  are  rather 
complicating  statements  from  abroad  concerning  the  use  of  iodine  in  first  aid. 
So  far  as  it  can  be  ascertained,  it  seems  that  iodine  v/as  at  first  used  too  abun- 
dantly and  rather  ignorantly,  and  that  it  did  more  harm  than  good.  Further  in- 
formation along  this  line  is  desirable. 

12.  Fatigue. — It  is  highly  desirable  that  some  method  can  be  found  by  which, 
on  the  examination  of  recruits,  the  man  who  is  likely  to  suffer  from  heart-strain 
or  from  exhaustion  should  be  recognized  and  should  be  assigned  to  the  lighter 
•duties.  A  man  easily  fatigued  is  not  only  unfit  for  the  fighting  line,  but  is  a  direct 
detriment  to  his  companions  on  that  line.  Several  prominent  physiologists  and 
•clinicians  are  at  work  on  this  subject. 

13.  Occupational  Diseases. — Edsall  of  the  Harvard  Medical  School  has  been 
asked  to  associate  with  himself  such  other  experts  on  this  subject  as  he  may  need, 
and  to  investigate  the  matter.  .  \\'e  are  especially  concerned  with  those  diseases 
which  afflict  munition  manufacturers. 

11.  Venereal  Diseases. — This  is  one  of  the  biggest  problems  with  which 
the  Council  has  been  confronted  in  the  medical  line.  At  present  every 
recruit  is  given  the  ^\'assermann  test.  A  positive  finding  does  not  necessarily 
exclude  the  man,  but  it  becomes  a  matter  of  record.  So  far  as  medical  officers 
know,  there  are  no  cases  of  transmission  of  syphilis  directly  from  soldier  to 
soldier.  Gonorrheal  ophthalmia  is  spread  in  some  instances  by  infected  towels. 
Whether  or  not  in  case  of  assembling  a  large  army  some  earnest  attempt  should 
be  made  to  exclude  dissolute  women  from  the  vicinity  of  camps  is  a  question  of 
importance.  A  large  Committee  has  charge  of  this  matter,  and  suggestions  will 
be  gladly  received  from  any  source.  It  will  certainly  be  a  great  misfortune  if 
we  assemble  in  camps  the  flower  of  the  nation  and  have  these  young  men  con- 
taminated with  venereal  disease. 

15.  Recruits. — In  assembling  a  large  army  rather  suddenly,  much  w^ill  de- 
pend upoft  those  who  examine  recruits.  Such  examinations  should  be  both  rapid 
and  accurate,  and  the  result  will  depend  upon  the  training  of  the  officer  who  does 
it.  With  proper  training,  men  can  be  examined  both  rapidly  and  thoroughly. 
Without  proper  training,  no  amount  of  time  will  give  good  results.  This  is  a 
matter  of  great  importance.  \\'e  understand  that  Canadian  medical  officers  en- 
listed many  thousands  who,  after  reaching  England,  were  found  to  be  absolutely 
unfit,  and  had  to  be  returned  to  Canada.  The  unfit  man  is  not  only  no  good  as  a 
soldier,  but  is  a  detriment  and  a  hindrance  in  everv  wav.    He  must  be  fed,  clothed. 
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and  cared  for,  and  he  becomes  a  burden  for  the  present,  and  a  pensioner  in  the 
future. 

16.  Manufacture  of  Salvarsan,  and  Other  Articles  Now  Under  German 
Patent. — This  is  a  chemical  rather  than  a  medical  question.  Salvarsan  is  made 
by  the  Massachusetts  State  Board  of  Health  and  has  been  made  by  Shamburg, 
of  Philadelphia.  The  cjuestion  of  infringement  of  patent  is  a  legal  one,  and  will 
have  to  be  taken  care  of  by  the  Legal  Department  of  the  Government.  Attention 
has  been  called  to  the  necessity  of  making  cocaine  substitutes  and  chemists  in  dif- 
ferent parts  of  the  country  have  been  called  upon  to  prepare  for  this  work.  The 
Government  should  import  as  soon  as  possible  such  quantities  of  opium  and  cin- 
chona as  may  be  needed. 

IT.  Medical  Plants. — This  subject  properly  belongs  to  the  Committee  on 
Botany  of  which  Professor  Coulter  of  the  University  of  Chicago  is  Chairman. 
There  are  certain  plants  of  great  medicinal  value,  such  as  belladonna  and  digi- 
talis for  which  we  depend  largely  upon  importation.  These  plants  have  been 
grown  more  or  less  in  this  country  by  the  Bureau  of  Plant  Industry  in  Washing- 
ton, by  the  Universities  of  Wisconsin,  Minnesota,  and  Oregon,  and  by  some  com- 
mercial houses.  The  National  Research  Council  would  like  information  along 
this  line. 

18.  J'erniin. — Lice  infected  many  of  the  soldiers  on  the  Texas  border.  Of 
course,  these  lice  did  not  carry  the  typhus  virus,  and  consequently  did  not  dis- 
seminate typhus  fever.  Much  has  been  done  along  this  line  in  Europe,  and 
Strong,  who  conducted  the  crusade  against  typhus  fever  in  Servia,  will  be  de- 
pended upon  for  leadership  in  combating  typhus  fever  and  other  diseases  dis- 
seminated in  the  same  way.  A  cresol  preparation  has  been  found  to  be  most 
effective. 

19.  Malaria. — Some  years  ago  Major  Craig  of  the  Army  Medical  Corps 
wrote  a  monograph  on  the  Prophylaxis  of  Malaria  as  practiced  by  the  army 
medical  officer.  The  National  Research  Council  will  request  that  this  monograph 
— possibl}'  revised  and  brought  up  to  date — be  reprinted  in  sufficient  numbers  to 
be  placed  in  the  hands  of  ever}'  medical  officer  in  the  Reserve  Corps.  Certain 
sections  of  our  country  will  re([uire  from  medical  officers  a  knowledge  of  the 
preventi\c  measures  for  combating  malaria. 

20.  flies. — Experience  on  the  Mexican  border  has  shown  that  the  fly  problem 
lias  not  been  entirely  and  satisfactorily  solved.  One  trouble  lies  in  the  fact  that 
the  area  immediatcl}'  around  the  military  caniii,  and  beyond  military  jurisdiction. 
is  often  in  a  bad  sanitary  condition.  I'lies  breed  in  these  localities,  and  spread  to 
the  camps.  It  has  been  suggested  that  in  case  large  troops  are  assembled,  the 
Public  Health  Service  shouhl  be  ])ut  in  control  of  llie  sanitation  of  the  surround- 
ing country.  The  patrol  of  this  service  should  be  as  e.\lensi\e  and  as  thoi'ough 
as  the  necessities  of  the  case  demand.  Possibly  the  Public  Health  Sor\  ice  might 
banish  i)rostitutes  as  well  as  other  pests  from  the  suirounding  country. 

21.  First-Aid  Dressing  Stations. — The  object  of  the  Council  has  been  to  learn 
what  has  been  done  along  this  line  in  I-'ni-ope,  and,  if  ])ossil)le.  suggest  improve- 
ments.    The  lirst-aid   rendered   a   wounded   man    inthienccs  greath    not   onI\-   his 
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subsequent  condition  so  far  as  pain  is  concerned,  but  often  has  a  determining^ 
effect  upon  the  final  result. 

22.  Motor  Laboratories. — Motor  laboratories  are  employed  in  France.  We 
intend  to  copy  these,  and  to  improve  upon  them  if  possible.  It  is  desirable  to 
learn  as  accurately  as  possible  what  these  laboratories  should  carry. 

23.  The  Disinfection  of  Ambulances,  Cars,  and  Other  Vehicles  Used  in  the 
Transportation  of  the  Wounded.- — These  vehicles  become  soiled  with  dirt,  blood, 
and  fecal  matter.    What  are  the  best  methods  of  cleaning  and  disinfecting  them? 

24.  Protection  of  the  Ear  From  the  Noises  of  Battle.— Much  work  has  been 
done  upon  injuries  to  the  ear  caused  by  explosions.  There  is  considerable  litera- 
tvu"e  concerning  this  subject.  An  American  physician,  Wilson,  has  given  special 
attention  to  this  subject,  and  it  is  hoped  that  he  will  advise  the  Council  in  this 
and  in  any  other  matters  with  which  his  experience  abroad  may  have  acquainted 
him. 

25.  Tuberculosis  in  IVar. — How  closely  should  the  recruit  be-examined  for 
the  discovery  of  early  tuberculosis?  Experience  in  France  seems  to  show  that 
certain  cases  of  tuberculosis  have  been  benefited  by  army  service,  while  others 
have  been  injured.  Life  in  the  trenches  has  developed  latent  tuberculosis,  while 
army  life  in  the  open  has  improved  many  cases  of  this  disease,  and,  indeed, 
apparently  cured  them.  At  present  it  seems  wise  that  in  the  examination  of 
recruits  the  closest  attention  should  be  given  to  incipient  tuberculosis ;  that 
this  should  not  necessarily  exclude  a  man  from  service,  but  be  of  value  in  de- 
termining the  line  of  service  to  which  he  is  assigned.  Then  there  is  the  big  ques- 
tion in  France  now  of  what  is  to  be  done  with  the  soldier  who  develops  tuber- 
culosis. Shall  he  be  sent  to  a  sanitarium,  or  an  open  air  camp,  or  shall  he  be 
sent  home?  If  he  has  open  tuberculosis,  shall  he  be  kept  under  supervision  and  so 
guarded  that  he  will  not  scatter  the  infection,  or  shall  he  be  allowed  all  of  the 
freedom  of  civil  life?    These  are  big  and  important  questions. 

26.  The  Psychoses  of  the  Soldier. — To  what  extent  should  mental  tests  be 
employed  in  recruiting?  Should  men  who  evidently  are  of  unstable  organization 
be  received  into  the  service,  and  if  so,  into  what  line  of  service  may  they  be  ad- 
mitted .''  •  The  Council  hopes  for  advice  from  our  specialists  in  nervous  diseases 
on  this  matter. 

27.  Hastening  the  Healing  of  Wounds. — What  can  be  done  along  this  line? 
The  Council  will  look  to  Carrel  and  other  experts  for  advice.  Robertson  of  the 
University  of  California  has  extracted  from  the  anterior  lobe  of  the  pituitary 
body  a  substance  which  he  calls  tethelin.  This  substance  has  a  pronounced  effect 
upon  the  growth  of  animals,  and  it  has  been  suggested  that  it  might  be  of  value 
in  hastening  the  healing  of  wounds. 

These  problems  have  been  taken  up  by  the  National  Research  Council.  The 
Council  will  gladly  receive  suggestions  upon  these  and  any  other  scientific  prob- 
lems which  may  appear  to  anyone.  Suggestions,  help,  or  information  of  any 
kind  will  be  gladly  received  by  the  Medical  Committee  of  the  National  Research 
Council.    Address — Room  908  Munsey  Building,  A\'ashington,  D.  C. 

_[/.  C.  V. 
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Are  We  to  Forget  the  Lessons  of  1898  ? 

THIS  is  a  question  now  being  asked  b}'  medical  men  all  over  this  country.  We 
have  no  desire  to  recall  the  sad  story  of  typhoid  fever  epidemic  among  our 
soldiers  in  1898,  unless  we  may  profit  by  doing  so.  It  may  be  well  for  us  to 
remember  that  out  of  a  total  of  200,000  enlisted  men  in  that  war,  more  than 
20,000  developed  this  disease.  But,  says  one,  vaccination  now  prevents  alto- 
gether, or  greatly  lessens  the  chances  of  developing  typhoid  fever,  and  such  an 
epidemic  can  never  again  occur.  This  may  be  true,  and  is  undoubtedly  partly 
true,  at  least  of  typhoid  fever,  but  there  are  other  diseases  for  which,  unfor- 
tunately, we  have  no  protective  vaccination.  Some  of  these  diseases  are  diarrhea, 
dysentery,  both  bacillary  and  amebic,  scarlet  fever,  measles,  various  forms  of 
meningitis,  poliomyelitis,  pnuemonia,  tuberculosis,  etc.  All  infections  have  not 
yet  been  conquered.  Among  the  causes  of  the  fearful  diseases  of  1898 — and  the 
causes  were  many — w^as  the  lack  of  authority  on  the  part  of  the  medical  officer. 
There  is  abundant  evidence  of  this  in  various  government  documents.  In  the 
"Report  on  Typhoid  Fever  in  United  States  ^Military  Camps  in  1898"  the  evi- 
dence that  the  superior  authority  of  the  line  officer  was  responsible  in  many  in- 
stances for  the  unsanitary  condition  of  the  camps  is  abundant.  This  report  tells 
us  that  many  commands  were  imwisely  located,  and  often  this  was  done  in  the 
face  of  remonstrances  on  the  part  of  the  medical  officer.  Medical  officers  of  the 
Seventh  Army  Corps  generally  condemned  the  location  at  Miami,  and  yet  regi- 
ments were  kept  on  this  site  until  they  were  much  reduced  by  illness,  and  at 
Chickamauga  some  regiments  w^ere  placed  on  ground  so  rocky  that  the  construc- 
tion of  latrines  of  proper  depth  and  width  was  impossible.  Other  camp  sites 
received  the  surface  washings  from  adjacent  commands.  Some  were  contracted 
into  half  the  regulation  space.  Many  regiments  were  compelled  to  remain  on  the 
same  site  until  the  soil  became  badly  polluted,  notwithstanding  the  fact  that 
there  were  many  broad  acres  around  about,  and  no  hostile  army  was  nearer 
than  Havana.  From  this  report  we  make  the  following  quotation :  "There  were 
regiments  at  Chickamauga  that  did  not  move  a  tenth  of  an  inch  from  the  time 
of  arrival  in  May  to  that  of  departure  late  in  August.  Requests  for  change  in 
location  made  by  medical  officers  were  not  always  granted.  As  an  illustration 
under  this  head  we  may  call  attention  to  the  official  records  of  the  Fifth  Penn- 
sylvania. This  command  reached  Chickamauga  Park  May  20,  and  was,  unfor- 
tunately, located  on  low  ground.  Requests  for  a  change  in  location  were  rc]>eatedly 
sent  in  during  June  and  Jul}'.  The  soil  became  muddy;  the  camp  recoi\e(l  the 
washings  from  camps  above;  the  sinks  rapidly  iilled  with  water  and  ovcrtlowed. 
and  still  requests  for  change  in  location  were  not  heeded  until  August  12.  As  we 
have  seen,  some  of  the  regiments  were  im])r()perly  located  from  a  sanitar\-  stand- 
point. This  was  done  by  superior  line  officers,  and  sometimes  in  the  face  of 
protests  from  the  medical  officers." 

This  report  advised  that  greater  authority  be  gi\  en  nu'dical  otliccrs  in  all  ques- 
tions relating  to  the  hygiene  and  sanitation  ot'  c;imi».  ;in<l  now,  as  we  are  going 
into  another  war,  the  line  has  one  general  olVKcr  tOr  every  Km  commissioned 
officers,  while  the  medical  cor])S  has  bvU  one,  wliatcxer  the  number  of  commis- 
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sioned  officers  may  be,  and  in  an  army  of  one  million,  the  number  of  commis- 
sioned medical  officers  will  be  not  less  than  seven  thousand. 

The  medical  profession  requests  that  one-half  of  one  per  cent  of  commis- 
sioned officers  in  its  corps  have  the  rank  of  general  officers.  This  seems  a  modest 
request,  and  is  allowed  in  the  navy;  but,  for  some  unknown  reason,  has  so  far 
been  denied  the  army.  One  who  has  served  in  the  medical  corps  can  understand 
and  thoroughly  appreciate  the  hesitancy  with  which  a  lieutenant  in  that  corps  may 
recommend  to  a  Colonel  of  the  line  that  a  camp  site  be  changed,  or  that  some 
other  sanitary  improvement  is  desirable ;  and  one  who  served  in  the  medical  corps 
in  1898  knows  full  well  the  reception  such  a  recommendation  frequently  met  at 
that  time,  and  he  can  guess  at  the  reception  it  is  likely  to  receive  in  the  future 
under  similar  conditions.  If  any  one  has  doubt  concerning  the  attitude  of  many 
line  officers  of  high  rank  in  1898  towards  the  recommendations  of  medical  offi- 
cers, he  should  read  the  testimony  of  Major  General  Brooke  and  other  officers 
in  command  in  the  camps  in  1898.  This  testimony  may  be  found  in  the  volumes 
of  the  Congressional  Inquiry  into  the  "Conduct  of  the  War  Department  in  the 
War  with  Spain,"  generally  known  as  the  Dodge  report. 

The  Commanding  Line  Officer  at  Chickamauga  took  no  pains  in  his  testi- 
mony to  show  his  contempt  for  the  advice  of  his  own  medical  officers,  and  this 
contempt  and  disregard  constituted  large  factors  in  filling  the  hospitals  and 
graves  with  typhoid  cases.  We  have  not  place  here  to  quote  largely  from  this 
testimony,  but  a  few  sentences  of  the  testimony  of  General  Brooke  may  be  given : 

"O. — Had  any  of  the  wells,  General,  been  condemned  by  the  Medical  De- 
partment prior  to  your  leaving  (Chickamauga)  ? 

"A. — By  alleged  Medical  Departments.  Two  of  them  were  erroneous,  I 
believe,  after  investigation  made  by  myself.  The  one  in  front  of  a  South  Caro- 
lina Regiment  which,  I  believe  really  to  have  been  perfectly  pure  water.  There 
was  afterwards  discovered  a  surface  well  which  had  been  walled  up  and  water 
slipped  in  from  which  this  Regiment — this  w^as  reported  to  me — used  the  water. 
That  well  was  not  far  from  a  large  sink,  and  possibly  on  lower  ground.  I  never 
could  understand  from  my  knowledge  of  rocky  strata  how  that  well  could  have 
been  contaminated.  Another  w^ell  lying  on  the  road  between  Alexander  House 
and  Jays'  Mill  was  also  condemned.  I  drank  of  that  well  water  every  time  I 
passed  it  until  somebody  broke  the  pump  to  pieces.  I  suppose  it  was  some  of  our 
energetic  medical  fraternity  who  had  spent  their  time  in  finding  that  there  was  a 
suspicion  of  these  two  wells — and  then  I  did  not  bother  further  about  it."'* 

On  the  following  page  there  is  a  statement  of  the  unsanitar}'  condition  of 
Camp  Thomas  made  by  the  medical  officer  of  the  Twelfth  New  York  Infantry. 
The  commanding  Line  Officer  was  so  incensed  at  this  report  that  he  said :  "If 
}ou  will  give  me  a  copy  of  that  report,  I  will  see  that  that  young  man  goes  before 
a  court-martial  for  the  sort  of  statement  he  has  made  there  if  he  is  not  protected 
by  this  commission." 

On  July  17,  1898,  the  Chief  Medical  Officer  at  Chickamauga  addressed  a  let- 
ter to  the  Adjutant  General  containing  recommendations  concerning  the  improve- 
ments of  sanitary  conditions.  In  brief  the  letter  contained  the  following  recom- 
mendations : 

^Conduct   of   War   lJe]i?.rtment   in   War   with    Spain,   vi,   3080. 
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1.  That  the  signal  corps  which  had  occupied  the  same  site  for  several  months, 
and  which  was  crowded,  should  be  moved. 

2.  That  selected  places  should  be  designated  as  dumping  grounds,  and  all 
the  waste  should  be  collected  and  deposited  on  these  places  instead  of  being  scat- 
tered through  the  camp. 

3.  That  so  far  as  possible  all  camp  sites  should  be  changed. 

4.  That  the  hospital  of  the  First  Division  of  the  First  Corps  be  moved  from 
the  unsanitary  position  they  occupied  to  a  more  healthful  location. 

5.  That  the  village  of  Lytle,  which  was  a  sanitary  menace  to  the  troops. 
should  be  cleansed. 

6.  That  all  condemned  sources  of  water  supply  should  be  effectually  closed. 
T.  That  only  filtered  or  boiled  water  should  be  used  by  the  soldiers. 

8.  That  all  hucksters  selling  doubtful  food  or  drink  should  be  expelled  from 
the  camp. 

9.  That  there  should  be  careful  supervision  of  all  food  and  drink  sold  in  the 
canteens. 

These  recommendations  made  in  July  were  unheeded  at  the  time. 

In  his  testimony,  General  Brooke  spoke  of  the  letter  containing  the  above 
recommendations  as  follows :  "I  did  not  regard  his  letter  in  a  very  serious  sense. 
I  do  not  know^  how  he  came  to  wa'ite  it.  There  w^as  much  complaint  in  that 
camp  from  men  of  his  own  profession  as  to  his  action.  He  caused  me  more 
trouble  and  annoyance  than  anyone  ever  did." 

Had  the  recommendations  contained  in  this  letter  which  annoyed  the  Senior 
Line  Officer  been  taken  seriously  in  July,  the  fearful  harvest  of  sickness  and 
death  in  August  might  have  been  averted. 

Nineteen  years  have  passed  since  our  little  war  with  Spain,  and  we  have 
crossed  the  threshold  of  a  great  war  with  Germany,  Austria,  Bulgaria  and  Tur- 
key. This  war  begins  with  the  medical  officer  possessed  of  no  more  authority 
than  he  had  in  1898.  Will  his  recommendations  be  as  futile  as  they  were  then? 
The  medical  profession  has  always  been  responsive  to  its  country's  demands, 
whether  in  war,  in  pestilence,  in  flood,  or  in  famine.  Conscription  has  never  been 
necessary  to  fill  its  quota.  Medical  officers  will  do  their  best  and  will  in-esent 
their  recommendations  to  superior  line  officers,  but  they  realize  that  these  recom- 
mendations are  likely  to  receive  scant  attention,  and  that  the  medical  officer  will 
be  compelled  to  work  under  a  heavy  handicap.  The  government  stamp  placed 
upon  the  medical  officer  indicates  the  opinion  that  the  goxernment  has  of  the  \  alue 
of  his  services,  and  that  his  recommendations  will  receive  from  line  ofiicers  any 
different  consideration  from  that  accorded  them  in  1898  is  not  ])robable.  At 
l)rcsent  the  Army  Metlical  Cor])s  lias  no  rcpre^enlalion  on  the  (icncral  v^taff  or  in 
the  War  College. 

Will  it  be  ])()ssil)le  that  cam])  sites,  both  small  and  great,  will  be  selected  as 
they  were  in  18!)8  without  consultation  with  the  medical  corps?  .\nd  are  we 
justified  in  feeling  that  we  may  have  some  reminders  of  the  ex|)eriences  of 
1898.''  According  t(j  the  testimony  of  the  J^urgeon  General  recently.  gi\en  before 
a  medical  committee,  the  relative  number  of  trained  medical  ol'liccrs  is  not  as  great 
now  as  it  was  at  the  beginning  of  the  Si>anisli  War.  We  had  then  se\en  per 
thousand.     We  have  now  about  li\e  i»er  thousand.  — / '.  C.   V. 
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Ambard's  Coefficient 

THE  methods  which  have  been  developed  in  recent  years  for  the  analysis  of 
blood  in  normal  or  pathological  conditions  have  opened  many  fields  of  in- 
vestigation. Perhaps  the  most  important  of  these,  from  the  standpoint  of  medi- 
cine, is  the  problem  of  renal  function.  Not  long  ago,  the  clinician  had  to  be 
content  with  a  very  elementar}^  analysis  of  the  urine  in  cases  where  the  kidneys 
were  suspected  of  being  diseased.  The  methods  for  the  analysis  of  the  blood 
for  the  urinary  constituents  were  not  suitable  for  use  in  the  clinic,  and  the  simple 
procedure  of  drawing  blood  from  a  vein  was  thought  to  be  a  rather  serious 
measure,  because  of  fear  of  introducing  bacteria  into  the  circulation.  Thanks 
to  the  development  of  first-class  chemical  methods  for  the  quantitative  determina- 
tion of  the  urinary  nitrogenous  bodies-  in  small  quantities  of  blood,  and  the  gen- 
eral use  of  venous  puncture  brought  about  chiefly  through  the  development  of 
the  Wassermann  reaction,  our  knowledge  of  the  intermediary  metabolism  of  the 
proteins  in  disease  has  been  greatly  extended.  As  it  is  now  possible  to  determine 
with  ease  the  quantity  of  the  urinary  constituents  in  both  blood  and  urine,  it  is 
not  surprising  that  numerous  researches  have  been  directed  to  show  the  relation- 
ship which  exists  between  them. 

Our  knowledge  of  the  kidney  is  still  in  an  incomplete  state.  There  are  two 
schools  of  thought  in  regard  to  the  fundamental  process  which  is  responsible 
for  the  excretion  of  urine,  i.  e.,  the  physical  and  the  vital  schools.  Perhaps  the 
majority  of  physiologists  believe  that  both  physical  and  vital  processes  play  a 
role.  Certainly  there  are  many  phenomena  in  the  excretion  of  the  urine  which 
cannot  be  adequately  explained  at  present  either  on  a  purely  mechanical  or  on  a 
vital  basis.  Nevertheless,  if  physical  processes  play  the  most  important  role  in 
the  secretion  of  the  urine,  it  should  be  possible  to  formulate  fairly  definite  laws 
which  will  mathematically  express  the  relationship  of  the  concentration  of  the 
urinary  bodies  in  the  blood  and  the  urine,  and  the  rate  of  their  excretion  by  the 
kidney.  In  the  urine  we  find  a  concentrated  solution  of  nitrogenous  waste  ma- 
terial ;  in  the  blood  the  reverse  is  true.  For  years  it  has  been  thought  that  there 
is  no  definite  relationship  between  the  concentration  of  urea  in  the  blood  and 
the  rate  at  which  the  kidney  secretes  the  urea.  Undoubtedly  the  blood  flow 
and  the  blood  pressure  in  the  kidney  are  important  factors  in  this  connection, 
but  they  cannot  be  experimentally  determined. 

About  six  years  ago  two  Frenchmen,  Ambard  and  \\'eill/  announced  some 
laws  which  reduce  the  study  of  renal  function  to  physical  laws.  They  believe 
that  the  urea  in  the  blood  acts  as  a  stimulus  to  the  renal  cells,  and  that  the  rate 
at  which  the  urea  is  secreted  varies  with  the  strength  of  this  stimulus.  In  sup- 
port of  this  postulate  they  collected  a  number  of  cases  in  w^hich  the  concentration 
of  the  urea  in  the  urine  was  alike,  and  they  found  that  the  rate  of  the  excretion 
of  urea  in  these  cases  varied  directly  as  the  square  of  the  concentration  of  urea 
in  the  blood.  This  may  be  mathematically  expressed  in  the  form  of  the  simple 
proportion : 

(Grams  of  urea  per  100  c.c.  of  blood  in  case  A) 2  

Grams  of  urea  excreted  in  the  urine  per  hour  in  case  A 

(Grams  of  urea  per  100  c.c.  of  blood  in  case  B)^ 

Grams  of  urea  excreted  in  the  urine  per  hour  in  case  B 
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According  to  Ambard  and  \\  eill,  the  rate  of  the  circulation  of  the  blood 
through  the  kidney  is  the  factor  which  governs  the  concentration  of  the  urine.  A 
dilute  urine  is  a  sign  of  a  fast  circulation,  a  concentrated  one  of  a  slow  circula- 
tion. In  connection  with  this,  they  found  a  number  of  cases  in  which  the  con- 
centration of  the  urea  in  the  blood  was  alike,  and  in  these  cases  the  rate  at  which- 
the  urea  was  excreted  by  the  kidney  varied  inversely  as  the  square  root  of  the 
concentration  of  the  urea  in  the  urine.  This  may  be  mathematically  expressed 
in  the  form  of  a  proportion : 

Rate  of  excretion  of  urea  in  the  urine  in  case  A  

Rate  of  excretion  of  urea  in  the  urine  in  B 


■\/The  concentration   of   the  urea  in   the   urine  of   case   B 
VThe  concentration  of  the  urea  in  the  urine  of  case  A 

In  other  words,  the  greater  the  concentration  of  the  urea  in  the  urine,  the 
blood  urea  remaining  constant,  the  slower  the  rate  of  elimination  of  the  urea. 
By  combining  the  two  laws  they  obtain  an  equation  which  gives  a  constant,  this 
constant  expressing  the  relationship  between  the  rate  of  excretion  of  the  urea 
in  the  blood  and  in  the  urine.  In  order  to  make  this  constant  standard  in  all  cases, 
they  adopted  a  standard  body  weight  of  70  kilos  and  a  standard  concentration  of 
the  urine  of  25  grams  per  liter.  These  corrections  they  include  in  the  formula, 
which  reads  as  follows  : 

K= ,  in  whxh  : 

70      VC 

D  X  —  X 

P       V25 

K  ^coefficient  of  urea  excretion  (Constant  of  Ambard). 

Urograms  of  urea  per  liter  of  blood. 

D  =  output  of  urea  in  grams  per  24  hours. 

P  ^weight   of  the   patient. 

C  ^  grams  of  urea  .per  liter  of  urine. 

70 ^standard  weight. 

25  ^  standard  concentration  of  the  urine. 

The  average  value  for  this  constant  in  normal  individuals  they  found  to 
lie  between  .06  and  .09.  In  cases  of  renal  disease  the  coefficient  is  usually  raised. 
Maclean  and  Sellings  were  the  first  in  this  country  to  use  the  coefficient  of  Am- 
bard as  a  test  of  renal  function.  By  using  methods  for  analysis  superior  to 
those  used  by  Ambard,  they  found  that  the  coefficient  of  Ambard  is  a  little  low. 
They  also  propose  a  modification  of  the  formula  of  Ambard  wliich  in  no  way 
changes  the  principles  involved,  but  expresses  the  normal  xrilue  in  terms  of  100. 
Their  formula  is 

Grams  urea  per  24  liours  /  grams  urea  per  I'.ter 

excreted  in  urine  y    excreted  in  urine        x  8.96  Index  of 

Weight  of  body  in  Kg.   (Grams  urea  per  liter  of  blood)-         excretion. 

In  liic  al;o\e  fornuila  the  standard  weight  and  standard  concentration  of 
the  urea  cn.iployed  b\-  .Ambard  are  present  in  the  factor  of  S.96. 

Using  this  formula  .Maclean'-  computed  the  relation  of  the  rate  of  urea  excio- 
tion  to  the  concentration  in  the  blood  in  107  observations  on  individuals  with  nor- 
mal excretion.  Fiom  these  data  he  concludes  that  the  rale  of  tiie  excretion  of 
urea  can  l>e  measured  directlv  in  terms  of  the  normal  bv  the  use  of  the  modificfi 
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Ambard's  coefficient.  The  normal  average  concentration  of  urea  in  the  blood  in 
the  above  cases  varied  between  about  .2  and  .5  grams  per  liter  in  the  same  or 
different  individuals,  and  the  rate  of  excretion  appeared  to  be  controlled  by 
this  concentration  and  by  the  rate  of  water  excretion.  Below  values  of  .3  grams 
per  liter  the  laws  do  not  hold  so  closely,  since  there  is  a  tendency  in  such  cases 
towards  a  higher  rate  of  excretion.  He  calls  particular  attention  to  the  larger 
number  of  cases  (71)  in  which  the  blood  urea  is  between  .3  and  .5  grams  per 
liter  since  it  is  within  these  limits  the  blood  urea  figures  may  be  normal  or  sig- 
nify retention.  Of  these,  52  gave  an  index  within  ten  per  cent  of  the  range  of 
normal  values,  which  may  be  considered,  he  believes,  to  lie  between  80  and  125; 
69  of  these,  i.  e.,  97  per  cent,  come  within  a  range  of  25  per  cent  of  the  normal 
value.  Of  the  107  cases  reported  only  three  had  an  index  below^  80,  which  he 
believes  indicates  impairment  of  renal  function. 

As  a  means  of  testing  the  validity  of  Ambard's  laws,  Maclean  calculated  in 
each  case,  in  addition  to  the  index  of  urea  excretion,  the  following  formula : 

-^Urea  excreted  in  24  hours  x  -^ Concentration  of  urea  in  the  urine 
Weight 

This  formula  expresses  Ambard's  laws  in  the  simplest  form,  and  it  is  not 
distorted  by  the  addition  of  constants  used  in  the  coefficient.  There  is  quite  a 
variation  in  the  index  he  obtained  by  this  fonnula,  and  this  is  true  even  where 
one  would  expect  the  laws  particularly  to  hold,  as  in  cases  where  the  concentra- 
tion of  urea  in  the  blood  was  the  same.  The  most  marked  variation  is  found  in 
the  cases  where  the  blood  urea  is  below  .3  grams  per  kilo,  in  which  there  are 
variations  of  33  per  cent  of  the  value  of  the  normal  figure,  which  Maclean  fixes 
at  30  as  this  corresponds  to  100  in" the  complete  formula.  In  this  form  it  is  ap- 
parent that,  by  the  use  of  the  square  of  the  urea  in  the  blood  as  a  part  of  the 
denominator,  a  somewhat  wide  variation  in  the  value  of  the  constant  or  percentage 
of  normal  excretion  will  be  obtained,  just  as  is  the  case  with  the  constant  when 
we  use  the  square  of  the  urea  of  the  plasma  in  expressing  Ambard's  first  law. 
The  normal  limits  of  variation  once  established,  the  modified  index  of  Maclean 
is  better,  since  it  expresses  the  urinary  urea  excretion  in  terms  of  the  per  cent 
of  normal.  AV'ith  the  higher  concentrations  of  urea  the  coefficient  is  sufficiently 
constant,  Maclean  believes,  to  be  of  use  in  testing  renal  function  by  the  use  of 
the  complete  formula  proposed. 

Recently  Addis  and  \\'atanabe  have  published  a  good  series  of  observations 
on  normal  individuals,  in  which  the  two  separate  laws  on  which  Ambard  bases 
his  coefficient  are  more  thoroughly  tested  than  by  either  Ambard  or  Maclean.^ 
They  have  arranged  their  cases  in  two  classes:  one  in  which  the  cases  are  classi- 
fied in  groups  having  the  same  concentration  of  urinary  urea,  and  another  in 
which  the  groups  are  made  of  those  having  the  same  concentration  of  blood  urea. 
They  hold  that  if  Ambard's  postulates  are  true,  each  instance  within  the  different 
groups  must  possess  the  same  constant  when  the  laws  are  applied.  They  con- 
clude from  their  results  that,  since  the  variations  found  are  entirely  too  great 
to  be  due  to  experimental  error,  factors  other  than  the  concentration  of  the  blood 
urea  must  commonly  intervene  in  the  process  of  urea  excretion. 

Addis  and  \\'atanabe  rightly  call  attention  to  our  lack  of  complete  knowledge 
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of  the  factors  governing  the  excretion  of  urea  by  the  kidneys.  They  feel  that 
the  impression  that  these  factors  are  known  and  measurable  with  mathematical 
accuracy  would  be  likely  to  retard  further  investigation.  ,  The  constancy  of  the 
combined  formula,  which  after  all  appears  to  be  only  roughly  approximate,  is 
due  in  large  part  to  the  mathematical  construction,  and  also  to  the  fact  that  any 
increase  in  the  concentration  of  urea  in  the  blood  is  usually  accompanied  by  an 
increased  rate  of  urea  excretion.  The  factors  which  are  most  variable  occur  as 
the  square  or  the  fourth  roots  of  their  values,  and  thus  the  disturbing  effect  they 
produce  on  the  constancy  of  the  resultant  of  the  formula  is  greatly  reduced, 
while  the  most  constant  factor,  the  concentration  of  urea  in  the  blood,  is  used 
without  modification.  As  these  critics  suggest,  in  such  a  complex  mechanism  it 
is  very  probable  that  other  factors  are  of  great  importance  in  controlling  the  rate 
of  urinary  excretion.  Many  of  these  factors  cannot  admit  of  mathematical  ex- 
pression. 

It  may  be  that  Ambard's  laws  roughly  express  in  mathematical  form  one  of 
the  important  factors  in  urinary  excretion.  In-  the  healthy  normal  kidney,  how- 
ever, there  are  vital  factors  which  even  Ludwig,  who  first  formulated  the  mechan- 
ical theory  of  urinary  excretion,  was  forced  to  accept.  It  may  be  that  the  wide 
variations  which  all  careful  workers  find  present  in  the  coefficient  in  normal  in- 
dividuals is  simply  an  indication  that  the  physico-chemical  factors  are  not  rela- 
tively so  important  in  the  normal  kidneys  as  they  are  when  the  vitality  of  the 
kidney  is  decreased. 

In  pathological  conditions  in  which  the  kidney's  excretory  power  is  dimin- 
ished, we  should  naturally  expect  an  increase  in  the  concentration  of  the  urea  in 
the  blood,  or  a  decrease  in  the  concentration  of  the  urea  in  the  urine  and  an  in- 
crease in  blood  pressure,  if  physical  laws  are  to.  compensate  for  the  loss  of  the 
vital  activity.  Most  of  these  factors  are  present  in  chronic  nephritis.  In  this 
connection  the  work  of  Mosenthal^  is  most  illuminating.  He  finds  that  the  dis- 
eased kidney  can  no  longer  concentrate  the  urine.  Is  it  not  significant  that  the 
ability  of  the  kidney  to  concentrate  the  urine  was  the  point  which  Ludwig  could 
not  explain  upon  a  mechanical  basis? 

The  French  have  used  the  coefficient  for  some  time  as  a  measure  ol  renal 
activity.  Maclean  has  reported  a  series  of  observations  on  patients  suffering 
with  renal  disease.  Very  recently  Lewis'*  has  published  an  extensive  report  in 
which  he  discusses  the  clinical  value  of  the  coefficient.  He  finds,  as  the  previous 
observers  have  done,  that  tlie  normal  variations  are  rather  wide  and  arc  sul)ject 
to  many  disturbing  influences.  In  hospital  practice  he  has  oljserved,  however, 
that  the  variations  in  the  normal  figure  are  small,  and  that  in  cases  where  the 
metabolism  is  much  increased,  as  in  fevers,  in  exophthalmic  goiter,  in  Iiyper- 
tension  with  early  changes  in  the  renal  arterioles,  and  in  early  chronic  difiuse 
nephritis,  there  is  a  depression  of  the  coefficient  of  .Ambard.  This  depression  he 
believes  indicates  an  increase  in  renal  activity,  lie  Imd^  that  the  coelticienl  is 
raised  in  cases  where  there  is  evidence  of  decreased  nielabolir  acti\ity,  as  in 
myxedema.  Similarly  he  finds  that,  in  myocardial  insufliciency  and  in  nephritis 
with  renal  insufficienc}-,  the  coefficienl  is  raised.  This  aiijiears  to  indicate  that. 
when  the  vital  activity  of  the  kidney  is  in  an\  way  dislurled.  the  physico-chemical 
factors  at  once  play  a  relatively  greater  part  in  the  renal  eNcrelimi.     He  finds  a 
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marked  uniformity  in  the  coefficient  and  the  results  obtained  by  the  phenolsul- 
phonephthalein  test  in  all  stages  of  nephritis,  and  believes  that  the  test  has  con- 
siderable prognostic  value. 

Lewis  takes  issue  with' Addis  and  W'atanabe  on  the  point  that  the  concen- 
tration of  the  blood  urea  is  really  the  factor  which  determines  the  constancy  of 
the  coefficient,  for  he  cites  cases  in  which  the  blood  urea  was  markedly  reduced 
bv  dietary  measures  without  any  effect  on  the  value  of  the  coefficient. 

This  problem  is  very  interesting,  but  there  are  many  points  which  must  be 
subjected  to  most  severe  scrutiny  before  the  coefficient  is  accepted  as  really  being 
anything  more  than  a  rough  indication  of  what  the  vital  activity  of  the  renal 
cells  is,  or  as  being  superior  in  any  way  to  the  phenolsulphonephthalein  test,  or  to 
the  more  physiological  test  "advocated  by  Mosenthal.  With  the  use  of  the  newly 
developed  methods  of  blood  and  urine  analysis  for  urea,  we  hope  that  future  work 
will  be  able  to  dififerentiate  clearly  between  the  vital  factors  of  renal  activity  and 
the  factors  which  the  laws  of  Ambard  attempt  to  express. 
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—R.  G.  P. 


Pulmonary  Osteoarthropathy 

T  TYPERTROPHIC  pulmonary  osteoarthropathy  is  an  interesting  condition 
A  -'-  not  because  of  its  efifect  upon  the  life  of  a  patient  but  because  of  it? 
associated  organic  diseases.  Described  first  by  Marie  (1890),  and  shortly  after- 
ward by  Bamberger,  it  has  become  one  of  the  many  interesting  anomalous  bone 
diseases  the  causes  of  which  are  not  known.  It  is  of  clinical  interest  because 
of  the  resemblance  it  gives,  in  the  hands  particularly,  to  acromegaly ;  and  be- 
cause of  the  hint  it  gives  of  thoracic,  and  especially  pulmonary,  trouble.  It 
has  been  described  as  frequently  associated  with  chronic  pulmonary  tuberculosis, 
with  bronchiectasis,  with  pleural  empyema,  and  with  mediastinal  tumors.  Never- 
theless, a  recent  textbook  on  tuberculosis  states  that  in  2,300  tuberculous  patients 
not  a  single  case  of  osteoarthropathy  was  observed. 

Recently,  that  is  to  say  within  the  past  ten  years  or  so,  several  interesting 
reports  have  come  from  Locke^  and  Brooks.-  These  are  summarized,  in  the 
latest  account  of  the  disease,  by  Kessel.^ 

Kessel  has  made  radiographic  studies  of  the  hands,  feet,  all  of  the  long 
bones,  the  bones  of  the  pelvis,  and  in  some  instances  the  shoulder  girdle  and 
cranial  bones,  with  the  interesting  result  that  he  has  found  evidences  of  hyper- 
plastic growths  connected  with  the  bones  in  32  cases,  and  has  found  evidence, 
in  addition  to  that  given  by  Janeway*  and  Locke,  that  simple  clubbing  of  the 

^Locke:     Arch.    Int.    Med.,    1915,   xv,   ^59. 

^Brooks:     New  York  Med.  Jour.,   Sept.   27,   and  Oct.   4,   1913. 

'Kessel:      Arch.    Int.    Med.,    1917.    xix,    239. 

^Janewaj':     Am.  Jour.   Med.   Sc,  October,   1903. 
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fingers  and  hypertrophic  osteoarthropathy  are  stages  of  the  same  process,  and 
not  different,processes  as  certain  French  and  German  authors  beheve. 

The  etiologic  factors  are  only  guessed.  It  is  usually  conceded,  says  Kessel, 
that  prolonged  venous  congestion  is  the  cause  of  the  ordinaiy  clubbed  fingers, 
and  Brooks,  following  Ziegler,  believes  that  a  continued  peripheral  hyperemia 
is  produced  by  compression  of  the  lung  capillaries  in  pulmonary,  pleural,  and 
mediastinal  disease,  and  this  in  the  course  of  time  leads  to  hyperplasia  of  the 
periosteum  and  connective  tissue.  In  addition  to  this  hyperemia  a  circulatmg 
toxin  probably  plays  a  role,  say  the  writers.    This  it  may  be  said  is  all  guess  work. 

However  the  changes  are  produced,  they  consist  in  a  progressive  ossifying 
periostitis,  usually  manifesting  itself  in  the  distal  ends  of  the  diaphyses  of  the 
long  bones  and  later  involving  the  other  bones  of  the  skeleton.  The  earlier 
stages,  or  the  milder  forms  of  the  disorder,  appear  to  be  mere  hypertrophy  of 
the  soft  tissues  with  thickening  of  the  nails.  Many  patients  also  show  a  globu- 
lar nose  and  evidence  of  thickening  of  the  subcutaneous  tissue  in  the  malar 
regions. 

Kessel's  cases  arrange  themselves  in  three  groups.  In  the  first  are  five  pa- 
tients with  simple  clubbing  of  the  fingers  without  bone  changes.  In  the  second 
are  seventeen  patients  with  clubbing  of  the  fingers  and  bone  changes.  In  the  third 
are  ten  patients  with  clubbed  fingers  and  changes  in  the  long  bones.  The  bone 
changes  do  not  nm  parallel,  in  severity,  with  the  tuberculous  process. 

—P.   G.   IV. 


The  Rank  and  Authority  of  the  Medical  Officer 

WHEN  Stanton  was  Secretary  of  War,  and  Hammond,  Surgeon  General, 
early  in  the  Civil  War,  the  latter  made  a  request  of  the  former  for  ad- 
vanced rank  for  medical  of^cers.  The  great  Secretary  of  W^ar  replied  with  a 
question:  "Will  increased  rank  make  your  medical  men  better  doctors?" 
The  Surgeon  General  replied  with  another  question :  "Does  increased  rank  make 
Line  Of^cers,  Quartermasters,  and  those  in  other  corps  more  proficient  ?" 

There  are  two  important  considerations  in  regard  to  the  rank  and  authorit}' 
of  army  medical  officers.  In  the  first  place,  the  higher  the  rank  obtainable,  the 
better  the  class  of  young  physicians  attracted  to  the  corps.  When  a  young  man 
knows  that  whatever  he  may  do,  however  skillful  and  energetic  he  may  be, 
whatever  discoveries  he  may  make,  whatever  sacrifices  he  may  undergo,  the 
rank  of  Colonel,  with  a  pay  of  about  $5,000  is  the  best  that  he  can  possibly  look 
forward  to  in  his  old  age,  it  must  be  acknowledged  that  the  temptation  to  enter 
the  army  medical  service  is  not  great. 

In  the  second  place,  and  this  is  of  more  importance,  rank  in  the  Arin\ 
necessarily  means  much.  A  request  or  a  recommendation  from  a  Colonel  or  a 
General  will  receive  more  consideration  than  when  it  comes  from  a  I  lieutenant. 
Much  of  the  disgrace  of  1898  and  the  disregard  shown  tlieir  recominendatit)ns 
by  superior  line  officers,  was  due  to  tlie  lack  of  rank  and  authority  among 
medical  men. 

— /'.  c.  r. 
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The  English  Recognize   the  Importance   of  Giving  Authority  to 

Medical   Officers 

I\  1904  the  English  War  Office  was  reorganized  by  a  committee,  the  chairman 
of  which  was  Lord  Esher.  In  this  reorganization,  no  provision  was  made  for 
a  representative  of  the  Medical  Army  Corps  on  the  General  Staff,  or  what 
corresponds  to  our  War  College.  At  the  time  the  Surgeon  General  complained 
of  this  action.  In  reply  to  this  complaint  Lord  Esher's  committee  stated  that 
while  too  much  importance  could  not  be  attached  to  the  sanitary  service  of  the 
army  in  peace  or  in  war,  the  committee  could  not  accept  the  views  of  the 
Surgeon  General.  Lord  Esher's  committee  continued,  "The  Army  Council  is 
not,  and  can  not  be,  a  representative  body  as  regards  the  several  arms  and  de- 
partments. The  Royal  Army  Medical  Corps  exists  to  serve  the  Army  in  a 
most  important  capacity,  but  the  first  object  must  be  to  create  and  maintain  an 
Army,  and  this  is  the  function  of  the  Army  Council.  To  admit  the  principle 
of  representation  would  destroy  the  character  of  the  Council." 

This  was  the  opinion  of  Lord  Esher  in  1904.  Recently  (London  Times, 
February  3,  1917)  Lord  Esher  writes- as  follows:  "How  much  of  the  suffering 
undergone  by  our  soldiers  since  the  war  began  has  been  due  to  the  shortsighted- 
ness of  my  committee,  and  notably  of  myself,  will  never  be  known.  Certainly 
the  control  of  the  Adjutant  General's  branch  over  the  Royal  Army  Medical 
Corps,  was  and  is  responsible  not  only  for  the  early  failure  to  grip  the  medical 
factors  of  the  war,  but  they  hampered  conditions  under  which  the  Surgeon  Gen- 
eral has  worked.  His  triumphs,  and  those  of  the  Royal  Army  Medical  Corps 
have  been  achieved  in  spite  of  obstacles  that  the  subordination  of  science  to 
ignorance,  and  of  elasticity  to  military  discipline  explains,  but  can  not  justify." 

—V.  C.  V. 


In testinal  Obstruction 


THE  cause  of  the  rapidly  developing  and  quickly  fatal  toxemia  which  follows 
acute  intestinal  obstruction  has  never  been  satisfactorily  explained.  Nu- 
merous theories  have  been  formulated,  many  of  which  are  based  upon  experi- 
mental data,  but  they  differ  widely.  Clinical  and  experimental  evidence  fails  to 
show  the  presence  of-  a  bacteriemia  in  many  cases.  In  the  normal  bowel,  sub- 
stances are  found  which  are  toxic  when  injected  into  the  blood  stream,  and  ex- 
perimental evidence  indicates  that  the  substances  obtained  from  the  obstructed 
gut  are  more  toxic  than  those  from  a  normal  one,  but  the  relationship  of  these 
toxic  substances  in  the  intestines  to  the  symptoms  and  the  factors  involved  in 
the  production  and  the  absorption  of  the  toxic  materials  are  unsettled.  Recently 
several  papers  have  appeared  which  throw  some  light  upon  the  question. 

W'hipple,  Cook,  and  Stearns  report  experiments  in  which  they  have  in- 
jected a  protein  substance  (proteose)  obtained  from  the  contents  of  isolated 
closed  loops  of  intestines  in  dogs  and  from  those  of  the  intestines  of  clinical  cases 
of  intestinal  obstruction.  They  find  that  there  is  a  definite  increase  in  the  non- 
protein nitrogen  of  the  blood  following  the  injection  of  the  proteose  substance. 


EDITORIALS  597 

Likewise  they  find  an  abnormally  high  nonprotein  content  in  the  blood  of  cases 
suffering  with  intestinal  obstruction  and  in  dogs  with  closed  intestinal  loops. 
The  proteose  intoxication  is  accompanied  by  the  usual  symptoms  of  obstruction; 
viz.,  vomiting,  diarrhea,  low  blood  pressure  and  a  temperature  reaction.  They 
believe  that  the  proteose  produces  a  tissue  reaction,  which  disturbs  the  delicate 
equilibrium  of  the  numerous  physicochemical  reactions  in  the  tissue  cells,  and  that 
the  results  of  their  experiments  indicate  that  the  symptoms  of  intestinal  obstruc- 
tion are  produced  by  the  absorbed  proteose  in  the  obstructed  bowel.  They  have 
been  able  to  show  that  repeated  injections  of  sublethal  doses  of  the  proteose  ma- 
terial confer  upon  an  animal  a  relative  immunity  to  its  toxic  action.  Dogs  in 
which  such  an  immunity  has  been  established  survive  a  closed  loop  of  intestine 
in  the  abdominal  cavity,  or  an  intestinal  obstruction,  longer  than  animals  which 
are  not  immune.  The  immune  animal  can  also  withstand  the  action  of  a  lethal 
dose  of  proteose  substance.  An  examination  of  the  urine  in  these  cases  shows 
that  during  the  intoxication  and  for  some  time  following  the  reaction,  there  is  an 
increased  excretion  of  nitrogen  above  the  fasting  level,  and  that  this  increase  is, 
in  general,  proportional  to  the  severity  of  the  reaction.  They  believe  that  the 
increase  in  nitrogen  excretion  indicates  a  general  breaking  down  of  tissue  proteins 
and  that  this  plays  an  important  role  in  the  intoxication. 

In  the  same  number  of  the  journal  in  which  the  above  mentioned  experiments 
appear,  Dragstedt,  Moorhead  and  Burcky,  working  in  Carlson's  laboratory,  re- 
port some  very  interesting  and  important  experiments  which  contribute  to  the 
support  of  the  proteose  theory  of  intoxication  in  obstruction.  A  large  number 
of  observations  were  made  on  dogs  in  which  loops  of  intestines  were  isolated  and 
the  integrity  of  the  bowel  restored  by  joining  the  free  ends.  In  all  the  cases  in 
which  the  loop  was  closed,  the  animal  died  with  the  symptoms  of  acute  intoxica- 
tion or  peritonitis.  Loops  made  high  up  in  the  bowel  were  more  rapidly  fatal 
than  those  made  lower  down.  In  one  series  of  cases  the  loops  were  thoroughly 
washed  out  with  water  and  ether  before  they  were  closed.  A  fair  percentage  of 
the  animals  recovered  and  lived  normally.  Examination  of  the  loops  showed 
that  bacteria  were  present  in  the  contents.  Sudden  obstruction  of  the  blood 
supply  of  these  loops  resulted  in  acute  symptoms  of  intoxication  and  obstruction, 
and  then  death.  In  a  number  of  dogs,  loops  of  intestines  were  isolated  and  after 
being  thoroughly  washed  were  replaced  in  the  abdominal  cavity  without  being 
closed.  Some  of  these  animals  lived.  Later  examination  showed  that  the  ends 
of  the  loops  had  closed  and  that  the  contents  were  sterile.  Occlusion  of  the 
blood  supply  to  these  loops  caused  no  symptoms.  In  another  series,  loops  from  the 
duodenum  and  the  jejunum,  having  open  ends  and  without  being  washed,  were 
dropped  back  into  the  abdominal  cavity.  Three  dogs,  or  one-half  the  number 
in  the  series,  recovered.  Tliirtx'  (la\s  later,  examination  showed  the  loops  closed 
and  distended  with  fluid. 

The  experiments  are  M'vy  instructive,  since  they  demonstrate  that  the  mere 
presence  of  bacteria  alone  in  the  loop,  is  not  sufficient  to  cause  symptoms,  and 
that  the  secretion  of  the  bowel  is  not  the  toxic  agent.  They  indicate  that  besides 
bacteria,  there  must  be  present  in  the  bowel  toxic  products  resulting  from  the 
action  of  putrefactive  bacteria  on  necrotic  tissue  to  give  symptoms  of  obstruc- 
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tion.  Any  interference  with  the  blood  supply  when  bacteria  are  present  produces 
tissue  necrosis.  This  condition  simulates  acute  obstruction  in  man,  in  which 
there  is  an  accompanying  occlusion  of  the  blood  supply  to  the  part  (volvulus, 
strangulated  hernia,  etc.).  The  experiments  seem  to  show  that  the  toxemia  which 
is  produced  by  a  closed  intestinal  loop  without  interference  with  the  blood  supply, 
is  not  similar  to  that  found  in  intestinal  stasis. 
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SMALLPOX  VACCINATION  AT  THE  UNIVERSITY  OF  CALIFORNIA* 


By  J.  N.  Force,  M.D.,  Berkeley,  Calif. 

T^HE  Regents  of  the  University  of  California  require  that  all  intrants  shall 
-'-  show  satisfactory  vaccination  scars  or  other  evidence  of  immunity  against 
smallpox. 

In  determining  what  constitutes  a  satisfactory  scar  we  have  not  been  in- 
fluenced by  the  size  or  character,  since  complete  immunity  to  smallpox  vaccine 
may  exist  in  an  unscarred  person  or  in  one  whose  scar  is  entirely  free  from 
characteristic  pits.  The  duration  of  immunity,  however,  varies  inversely  as 
the  age  of  the  vaccination  scar.  In  a  series  of  318  persons  showing  vaccination 
scars  under  ten  years  old,  48  per  cent  were  completely  immune  as  indicated 
by  the  cutaneous  allergic  reaction  of  immunity,  38  per  cent  were  partially  im- 
mune as  indicated  by  the  secondary  vaccinia  (vaccinoid),  and  14  per  cent 
showed  no  immunity  to  revaccination  as  indicated  by  the  primary  vaccinia 
produced.  In  a  similar  series  of  444  persons  whose  scars  were  between  ten  and 
twenty  years  old,  the  same  percentages  were  obtained.  In  a  series  of  13')  per- 
sons whose  scars  were  over  twenty  years  old,  38  per  cent  were  complete!}"  im- 
mune, 27  per  cent  were  partially  immune,  and  35  per  cent  showed  no  im- 
munity to  re\accination.  Since  we  have  reason  to  believe  that  immunity  to 
smallpox  is  more  lasting  than  immunity  to  vaccination,  we  ignore  the  11  per 
cent  of  nonimmunes  and  set  the  limit  for  revaccination  at  ten  years. 

If  an  intrant  has  a  scar  over  ten  years  old  he  is  vaccinated  in  two  spots 
on  the  arm,  a  control  spot  being  scarified  but  not  vaccinated.  ( )bservati()ns  are 
made  at  twenty-four  hour  and  five  day  periods  after  vaccination.  If  eitiier  of 
the  vaccinated  spots  show  an  areola  of  ."i.O  mm.  or  over  (with  oi-  w  ithoul  papule) 
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at  the  end  of  twenty-four  hours,  which  areola  (or  papule)  has  decreased  at  the 
time  of  the  fifth  day  observation,  it  is  considered  a  reaction  of  immunity  due  to 
the  presence  of  antibodies  against  smallpox  vaccine  in  the  tissues  and  the  sub- 


Fig.  1. — Reaction  of  immunity  twenty-four 
hours  after  vaccination.  The  upper  spot  Is  a 
control.  There  are  5  mm.  areolae  around  both 
vaccinated   spots. 


Fig.  2. — Reaction  of  immunity  forty-eight  hours 
after  vaccination.  The  areol;e  have  increased 
slightly    and   there   is    papule    formation. 


Fig.   3.— Vaccinoid  sixth  day  after  vaccination.     The   reaction   has  attained  its  maximum.     The   previous 

scar  is   twenty   years   old. 
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ject  is  excused  from  further  vaccination.  If  either  of  the  vaccinated  spots  show  an 
areola  at  the  end  of  t\vent}'-four  hours  which  develops  into  a  small  vesicle  which 
matures  on  the  fifth  or  sixth  day  and  then  rapidly  subsides,  the  reaction  is  con- 


Fig.  4. — \'accinia  sixth  day.     Compare  with  Fig.  3. 


Fig.   5. — Vaccinia  eleventh  day.      The   height   of 
the  reaction. 


Fig.  6. — Scars  resulting  from  the  vaccinia  pro- 
duced by  three  scarifications  2  mm.  in  diameter. 
The    scars    measure    11    mm.    in    diameter    each. 
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sidered  a  secondary  ivccinia  (vacc'uwid).  If  there  is  no  change  until  the  third 
dav,  and  then  a  small  areola  begins  to  form,  the  case  will  be  one  of  vaccinia. 
If  the  small  areola  has  not  become  a  vesicle  by  the  fifth  day  the  smallpox  vaccine 
is  probably  incapable  of  producing  vaccinia,  or  was  not  properly  brought  in 
contact  with  the  derma.  The  vaccination  is  accordingly  repeated  with  fresh 
vaccine.  If  the  subject  is  not  seen  until  the  fifth  day  and  there  are  then  no 
signs  of  a  recent  local  reaction,  the  vaccination  is  repeated,  for  all  signs  of  the 
reaction  of  immunity  may  be  gone  by  the  fifth  day  following  vaccination.  Inert 
vaccine  is  capable  of  producing  the  reaction  of  immunity  in  an  immune  subject. 

Repeated  vaccination  with  an  inert  vaccine  may  finally  render  the  subject 
immune  to  potent  vaccine,  or  a  small  scar  may  disappear  though  the  immunity 
persists.  In  a  series  of  215  intrants  showing  no  vaccination  scar  but  giving  his- 
tories of  from  one  to  twenty  previous  vaccinations,  one  per  cent  were  immune,, 
six  pej"  cent  were  partially  immune,  and  93  per  cent  were  not  immune  to  small- 
pox vaccine.  In  our  experience  no  person  who  has  been  given  internal  vacci- 
nation has  shown  the  slightest  immunity  to  smallpox  vaccine.  In  a  series  of  un- 
scarred  intrants  with  a  history  of  smallpox,  36  per  cent  were  completely  immune,. 
40  per  cent  were  partially  immune,  and  2-i  per  cent  showed  no  immunity  to 
smallpox  vaccine.  \\'e  have  never  produced  a  primary  vaccinia  in  a  person 
who  showed  the  characteristic  pits  of  smallpox,  but  in  many  instances  we  have 
produced  the  secondary  vaccinia   (vaccinoid)   in.  such  subjects. 

In  a  series  of  465  unscarred  intrants,  claiming  never  to  have  been  previously 
vaccinated,  not  one  person,  was  compleicly  imnuine,  1.3  per  cent  showed  a 
secondary  vaccinia  indicating  partial  immunity,  and  *^'8.7  per  cent  showed  no> 
evidence  of  immunity  to  smallpox  vaccination. 

This  extremely  satisfactory  record  of  100  per  cent  of  vesicle  formation  irt 
previously  unvaccinated  intrants,  and  99  per  cent  of  vesicle  formation  in  pre- 
viously vaccinated  intrants  (unscarred)  we  consider  due  to  care  of  the  vaccine 
and   uniform   vaccination   technic. 

CARE    OF    THE    VACCINE. 

In  a  series  of  experiments  performed  with  smallpox  vaccine  of  various  age- 
and  different  methods  of  preparation  the  following  conclusions  were  reached: 

Vaccines  shipped  in  a  vacuum  bottle  from  the  New  York  City  Health 
Department  gave  100  per  cent  vesicle  formation  in  the  previously  unvaccinated. 
Vaccines  prepared  according  to  the  method  of  Xoguchi  showed  rapid  deteriora- 
tion giving  4  per  cent  of  failure  on  second  passage,  50  per  cent  on  fifteenth  pas- 
sage, and  90  per  cent  of  failure  on  the  twenty-ninth  passage  of  a  strain  received 
from  New  York.  Vaccines  kept  constantly  on  the  ice  except  when  in  transit 
from  the  manufacturing  laboratories  gave  a  very  low  percentage  of  failure 
four,  five,  and  six  months  after  collection,  while  vaccines  used  within  a  month 
after  collection  gave  100  per  cent  of  vesicle  formation  in  the  previously  unvac- 
cinated. Since  temperature  is  so  important  a  factor  in  the  potency  of  smallpox 
vaccine,  precautions  should  be  taken  to  avoid  a  long  period  of  transit  except  in 
vacuum  bottles. 
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A  properly  cooled  vaccine  should  give  absolutely  100  per  cent  vesicle  for- 
mation in  the  previously  unvaccinated.  Since  the  object  of  vaccination  is  to 
secure  immunity,  successful  vaccination  consists  in  producing  either  a  primary 
vaccinia,  a  secondary  vaccinia  (vaccinoid),  or  a  reaction  of  immunity.  A  re- 
action of  immunity  in  a  previously  unvaccinated  person  indicates  previous- 
smallpox.  A  natural  immune  (provided  such  a  person  exists)  would  give  no- 
reaction  of  immunity.  A  vaccination  certificate,  therefore,  should  be  an  evidence 
of  immunity,  not  a  confession  of  failure. 

UNIFORM    VACCINATION    TECHNIC. 

The  following  technic  is  employed  in  all  vaccinations.  A  vial  containing  1.0 
c.c.  of  smallpox  vaccine  (which  is  enough  for  250  vaccinations)  is  opened^ 
placed  in  cracked  ice,  and  covered  with  a  bell  jar.  The  arm  in  the  region  of  the- 
deltoid  insertion  is  washed  with  alcohol  and  dried  with  sterile  cotton.  'A  small 
chisel  provided  with  a  carbon  steel  point  is  sterilized  by  dipping  in  alcohol  and 
flaming.  Three  circular  scarifications  each  2.0  mm.  in  diameter  are  made 
through  the  epidermis  by  rotating  the  chisel  against  the  tightly  drawn  skin.  A 
sterile  toothpick  is  used  to  transfer  a  drop  of  smallpox  vaccine  from  the  con- 
taining vial  to  the  three  scarifications,  and  to  rub  it  into  the  exposed  derma.  If 
tube  vaccine  is  used  it  is  expelled  on  the  spots  and  rubbed  in  by  means  of  the 
chisel.  The  site  of  the  vaccination  is  then  covered  with  a  square  of  sterile  gauze- 
held  in  place  by  adhesive  tapes  on  one  of  which  is  stamped  the  return  date,  five 
days  subsequent  to  the  day  of  vaccination. 

The  vaccinia  produced  by  this  technic  follows  a  fairly  constant  course.  In 
a  group  of  about  300  vesicles  measured  on  the  fifth  day,  the  minimum  diameter 
was  3.5  mm.,  the  average  fell  between  6.0  and  6.5  mm.,  the  maximum  was  9.0 
mm.,  while  70  per  cent  were  between  5.5  and  7.5  mm.  The  vesicle  attains  its 
maximum  development  on  the  eleventh  day  with  an  av<erage  measurement  of 
12.0  mm.  Between  the  eleventh  and  fifteenth  days  the  vesicle  rapidly  dries  and 
shrinks  to  a  brown  scab  which,  in  at  least  60  per  cent  of  the  cases,  becomes 
loose  enough  to  be  easily  detached  by  the  twentieth  day.  The  areola  surroimd- 
ing  the  vesicle  closely  parallels  its  growth  until  the  seventh  day  when  it  increases- 
rapidly  in  size  from  an  average  of  10.0  mm.  to  an  average  of  40.0  mm.  This 
sudden  increase  of  the  areola  marks  the  rise  of  antibody  formation,  the  vaccine 
organisms  are  digested,  their  toxic  products  give  rise  to  the  constitutional  symp- 
toms of  fever  and  headache,  while  the  change  from  vesicle  to  pustule  marks 
the  end  of  the  vaccine  colony.  The  areola  rapidly  shrinks  to  the  size  of  the  scab 
and  gives  color  to  the  fresh  scar  which  averages  ll.o  mm.  in  diameter.  This 
course  is  followed  irrespective  of  the  ])reparati()n  of  \accint.'  w-o]  or  its  bacterial 
content.  Treating  with  antise[)tics  the  vaccine  vesicle  produced  by  this  metliod  of 
vaccination  does  not  decrease  the  area  of  redness  or  shorten  the  course  of  the 
vaccinia. 

Vaccinias  of  long  duration  and  marked  severity  result    from  imiiroper  vac- 
cination technic.     Oix-en  a  smalljiox   \accine  of  pro\-c'n  ]»oti'iu-y.  \\c  believe  that 
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Fig.  7.— Equipment  necessary  for  vaccination  with  Fig. 

ordinary   tnbed  vaccine. 


-Cleansing  the   arm   with  alcohol   and 
cotton. 


Fig.   9. — Flaming   the   chisel   which   has   been   previously   dipped    in   alcohol. 
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Fig.     10. — Scarification     of     the     arm.        Three  Fig.    11. — Dropping    the    vaccine    on    the    scarified 

circles    of    epidermis    are    removed    exposing    the  spots. 

derma. 


Fig.    12. — Rubbing   the   vaccine    into    the    scarifica-  I'ig.    l.i. — Dressing   of    gauze    and    adhesive    ta|ic> 

tions.  One   tape    bears    the    return    date. 
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Fig.    14. — Cross-scarification,      One    of    the    causes 
of  "bad"  arms. 


Fig.    15. — The   vaccination  shield.     Another  cause 
of    "bad"    arms. 


Fig.    16. — Scar   resulting  from   improper   vaccination.      Central   necrosis,   slough,    infection,    and   a   slowly 
healing  ulcer.      Patient  thinks   he   is   well  protected  because  he   had   such  a  "hard   take." 


uniformly  .succes.sful  vaccinias,  uncomplicated  by  secondary  infections,  may  be 
secured  by  the  use  of  small  multiple  scarifications.  Since  the  vaccine  colony 
grows  only  in  unbroken  skin,  we  wish  to  confine  the  growth  to  the  smallest  pos- 
sible area  for  any  one  insertion.  Cross-scarification  leads  to  a  crust  which 
furnishes  shelter  for  possible  secondary  invaders,  the  large  rambling  vesicle  is 
easily  broken  and  there  is  a  tendency  for  central  necrosis  with  a  slowly  healing 
ulcer.  The  results  of  insertion  by  single  scratches  are  less  constant  than  by 
the  circular  scarifications. 

We  believe  that  this  method  can  only  be  improved  by  intradermal  inocula- 
tion of  a  definite  quantity  of  smallpox  vaccine  and  we  are  working  on  this  lat- 
ter method  at  present. 


REPORT  ON  PROPHYLACTIC  VACCINATION  WITH  B.  TYPHOSUS, 
B.  PARATYPHOSUS  A,  AND  B.  PARATYPHOSUS  B.* 


By  Wilburt  C.  Davison,  M.D.,  Brooklyn,  N.  Y. 


RECORDS  of  the  Franco-German  War,  the  Boer  W'ar,^  the  Russo-Japanese 
War-  and  the  Spanish- American  War''  clearly  show  that  the  number  of 
deaths  from  enteric  fever  in  those  wars  was  very  large  and  closely  approximated 
that  due  to  wounds.  The  success  of  the  work  done  by  Wright,  Russell,^  Kabe- 
shima*  and  others  in  regard  to  immunity  against  typhoid  fever  has  been  admir- 
ably demonstrated  by  its  practical  application  in  the  armies  of  the  United  States, 
of  Japan,  and  of  all  the  countries  now  at  war.  It  may  be  safely  stated  that  since 
prophylactic  vaccination  against  typhoid  fever  has  been  made  more  or  less 
universal  among  armies,  the  losses  from  that  disease  have  become  practically 
negligible  (that  the  records  of  prophylactic  inoculation  against  typhoid  in  the 
Boer  War  is  not  more  favorable  is  due  to  the  fact  that  typhoid  cases  were  not 
always  distinguished  from  paratyphoid  A  and  B). 

During  the  present  war,  the  paratyphoid  infections  have  assumed  the 
prominent  place  formerly  held  by  typhoid.  Official  figures  are  not  obtainable 
but  conservatively  stated  there  have  been  several  thousand  cases  of  fever  due  to 
B.  paratyphosus  A  and  B,  while  only  a  few  hundred  have  been  due  to  B.  typho- 
sus, the  majority  of  the  latter  being  in  unvaccinated  individuals.  The  relative 
frequency  of  B.  paratyphosus  A  and  B  varies  according  to  the  location  in  which 
the  epidemic  arises.  In  India  and  along  the  Mexican  border,  B.  paratyphosus  A 
predominates ;  in  Gallipoli  and  France,  B.  paratyphosus  B  is  the  more  frequent. 

The  recent  campaign  of  ovu"  troops  in  Texas  and  Mexico  has  also  clearly 
indicated  the  efficacy  of  prophylactic  typhoid  vaccination ;  for  the  American 
Army  receives  as  a  routine  three  doses  of  typhoid  vaccine  of  500  million,  1,000 
million,  and  1.000  million  bacilli  respectively,  at  intervals  of  7  to  14  da}'s. 

The  very  urgent  need  for  similar  protection  against  the  paratyphoid  infec- 
tions is  also  seen,  for  while  the  number  of  cases  of  typhoid  fever  at  the  Mexican 
border  was  practical!}-  nil,  there  were  hundreds  of  cases  of  paratyphoid.  Cap- 
tain Berry ^  reports  that  21  per  cent  of  the  Fourteenth  Regiment  New  York 
Infantry  developed  paratyphoid  fever  at  some  time  during  its  three  months  on 
the  Mexican  border  at  Mission,  Texas-.  Similar  facts  are  shown  in  the  studies 
at  Camp  Whitman  in  New  York.  The  ease  with  which  a  paratyphoid  epidemic 
spreads  is  demonstrated  by  the  fact  that  twelve  cases  of  paratyphoid  fever  were 
reported  in  the  Seventy-first  New  York  Regiment,  ten  to  fifteen  days  after  their 
one  night  camp  at  Mission,  Texas,  during  the  hike  course,  and  fift\'  cases  were 
found  among  their  two  hundred  native  laborers.  The  need  i<n  [irophylactic 
paratyphoid  vaccination  is  again  demonstrated  by  the  recent  examinations  for 
the  detection  of  carriers  an-iong  the  men  of  tlie  I'Ourlcoutlt  ixi'^iiiKMU  X'cw 
York  Infantry  after  its  return  from  Texas.  Four  per  cent  of  this  regiment 
were  ftjund  by  Krumwiede  and  Kohn"  to  be  carriers   of   B.   paratyphosus   .\, 

•Subiiiitted  to  the  Xatioiial  Research  Coimcil  Ity  Dr.  John  Howlaiiii,  Medical  Department  .Tolina 
Hopkins   University,    Member   of   tlie    C(jinniittie   on    Me<licitie   aiicl    Hygiene. 
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and  B.  paratyphosus  B,  though  there  was  no  evidence  of  their  having  suffered 
from  acute  disease. 

Prophylactic  paratyphoid  vaccination  is  practically  the  sole  means  of  pre- 
venting such  epidemics  of  this  disease  as  occurred  in  France,  Gallipoli,  and  along 
the  Mexican  border. 

Castellani,'  Cummins  and  Gumming,^  Kabeshima,*  Vincent,  Dreyer,^  Ainley 
Walker,^°  Davison, ^^  and  others  have  demonstrated  the  advantages  of  prophy- 
lactic vaccination  with  combined  typhoid,  paratyphoid  A  and  paratyphoid  B 
vaccines.  Kabeshima  has  not  only  shown  that  simultaneous  inoculation  with  a 
vaccine  containing  equal  parts  of  B.  typhosus,  B.  paratyphosus  A,  and  B.  para- 
typhosus B  produced  immunity  against  these  three  infections  in  man  and  ani- 
mals but  he  also  has  proved  that  the  reaction  to  this  so-called  "triple  vaccine" 
was  not  more  severe  than  that  due  to  the  typhoid  vaccine  alone. 

One  of  the  problems  in  relation  to  prophylactic  vaccination  against  the 
enteric  fevers  is  whether  or  not  a  better  immunity  against  these  infections  is 
obtained  by  inoculating  with  the  three  microorganisms  simultaneously  or  by 
immunizing  with  each  bacillus  separately  by  means  of  a  succession  of  inocula- 
tions. It  is  in  regard  to  these  questions,  as  well  as  in  regard  to  the  course  of 
immunity  (as  measured  by  agglutinins)  that,  at  Dreyer's  suggestion,  I  performed, 
in  1915  and  1916,  under  the  supervision  of  Ainley  Walker,  a  series  of  inoculations 
in  a  number  of  men  and  rabbits  with  vaccines  prepared  from  cultures  of  one, 
two,  or  three  of  the  bacilli  (B.  typhosus,  B.  paratyphosus  A,  and  B.  paratyphosus 
B),  varying  the  doses  and  the  order  of  their  introduction  in  the  successive  im- 
munizations of  different  groups  of  subjects  (unpublished  work).  For  instance, 
one  group  received  the  three  varieties  of  bacilli  simultaneously,  the  second 
group  first  received  inoculations  of  B.  typhosus,  and  after  an  interval  of  two 
months,  inoculations  of  B.  paratyphosus  A,  and  B.  paratyphosus  B  simultaneously, 
the  third  group  first  received  inoculations  of  B.  paratyphosus  A,  and  B.  para- 
typhosus B  simultaneously,  and  after  an  interval  of  two  months  inoculations  of 
B.  typhosus.  These  experiments  showed  that  when  a  mixed  "triple  vaccine" 
of  B.  typhosvis  and  the  paratyphoid  bacilli  was  used,  the  immunity  produced  (as 
measured  by  the  agglutinins)  obtained  for  each  of  its  constituent  bacilli  was 
at  least  as  good  as  and  very  often  greater  than,  that  obtained  against  any  one 
of  these  organisms  when  it  is  employed  alone  in  the  same  dosage.  Secondly, 
when  single  vaccines  are  employed  in  succession  and  the  immunizations  are 
carried  out  independently,  the  response  is  greater  to  that  vaccine  which  is  intro- 
duced first.  To  the  later  immunizations  with  other  microorganisms  the  specific 
response  is  almost  always  less  intense.  It  has  associated  with  it,  however,  as  a 
secondary  result,  the  production  of  a  new  rise  of  variable  extent  in  the  agglu- 
tinin-titer of  the  first  immtmization ;  i.  e.,  if  the  individual  is  immimized  first 
with  B.  typhosus  and  later  with  B.  paratyphosus  A  and  B,  the  immunity  (as 
measured  by  the  agglutinins)  is  greatest  for  B.  typhosus  and  less  for  B.  para- 
typhosus A  and  B,  and  vice  versa. 

The  results  of  these  experiments  have  answered  the  objection  raised  by 
some  that  the  inoculation  of  paratyphoid  A  and  B  bacilli  simultaneously  with 
B.  typhosus,  in  triple  vaccines,  might  reduce  the  typhoid  immunity.     If  anything. 
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when  B.  paratyphosus  A  and  B  are  inoculated  simultaneously  with  B.  typho- 
sus, in  triple  vaccines,  the  titer  of  the  typhoid  agglutinins  is  raised. 

In  these  experiments  it  was  found  that  in  man  a  triple  vaccine  made  so 
that  1.0  c.c.  contained  1,000  million  B.  typhosus,  500  million  B.  paratyphosus 
A,  and  500  million  B.  paratyphosus  B,  0.5  c.c.  of  which  was  inoculated  sub- 
cutaneously,  followed  after  an  interval  of  10  to  16  days  by  the  inoculation 
of  1.0  c.c,  gave  excellent  results. 

These  methods  of  triple  vaccination  were  adopted  by  the  British  Army  in 
January,  1916,  and  have  been  made  compulsory.  A  third  inoculation  of  1.0 
c.c.  of  triple  vaccine  after  an  interval  of  10  to  16  days  would,  in  all  probability, 
be  even  more  efftcacious  but  the  exigencies  of  the  training  and  mobilization  of 
troops  have  made  this  impractical  in  many  instances  and  so  it  has  not  been 
adopted. 

The  reaction  to  this  dosage  was  in  every  instance  not  more  severe  than 
that  to  the  usual  vaccination  against  B.  typhosus  alone,  namely  the  inoculation 
of  500  million  B.  typhosus,  followed  after  an  interval  of  7  to  14  days  by 
1,000  million  B.  typhosus. 

Reactions  to  typhoid  and  triple  vaccines  are  usually  noticeable  only  in  those 
individuals  who  have  previously  suffered  from  typhoid  or  paratyphoid  fevers,  or 
those  individuals  who  react  severely  to  such  infections  as  "common  colds." 
The  local  reaction  in  such  individuals  consists  in  redness  at  the  point  of  in- 
oculation and  slight  stiffness  of  the  arm.  The  general  reactions  are  a  feeling 
of  sleepiness,  slight  headache  and  rise  of  temperature  and  occasionally  some 
general  malaise.  In  the  vast  majorit}-  of  individuals  no  local  or  general  reac- 
tions are  produced,  especially  if  rest  and  freedom  from  arduous  duty  are 
granted  to  the  individual  on  the  morning  following  the  vaccination. 

It  has  been  noted  that  certain  typhoid  vaccines  are  more  liable  to  produce 
more  severe  reactions  than  others.  The  reason  for  this  is  as  yet  unknown  but 
it  is  usually  found  that  fresh  vaccines  made  in  accordance  with  the  technic 
described  later  (which  is  essentially  that  of  United  States  Ami}'  vaccines) 
do  not  cause  more  than  a  moderate  reaction.  Kilgore^-  has  shown,  in  regard 
to  typhoid  vaccines,  that  the  use  of  army  vaccine  and  sensitized  vaccine  sedi- 
ment (Gay  and  Claypoole)^^  if  the  preparations  are  fresh  makes  little  if  any 
difference  in  the  average  local  and  temperature  reactions. 

Kilgore  and  Meyer'*  state  that  in  comparison  with  army  vaccine,  sensi- 
tized vaccine  sediment  produces  small  amounts  of  agglutinins  but  an  equal 
amount  of  complement-fixing  antibodies. 

Garbat  and  Meyer''"'  found  the  sera  of  rabbits  imnumizcd  wilh  sensitized 
vaccines  were  highly  ])rotective  (more  so  than  those  of  onimals  treated  with 
non-sensitized  preparations)  and  yet  these  potent  sera  contained  but  small 
amounts   of   agglutinins   and   complement-fixing   antibodies. 

However,  it  has  not  as  yet  been  decisively  demonstrated  in  man  that  sensi- 
tized vaccines  have  any  great  advantage  over  the  army  vaccine  that  ha>>  bt»(>n 
usually  used  in  this  country  and  abroad. 

The  length  of  lime  during  whicli  this  triple  vaccination  will  provide  im- 
munity has  not.  as  vet,  been  delinitclv  deterniined,  for  a  lotiger  period  tlian  one 
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year.     In  all  probability,  however,  immunity  is  present  a  more  prolonged  time 
and  a  two  vear  interval  before  reinoculation  is  usually  adopted. 

Official  figures  for  the  number  of  cases  of  typhoid  and  paratyphoid  fevers 
in  the  British  Army  since  the  introduction  of  prophylactic  vaccination  with, 
"triple  vaccine"  are  not  obtainable,  but  one  high  authority,"'  in  December^ 
1916,  one  year  after  the  adoption  of  triple  vaccination,  stated  that  there  were 
practically  no  cases  of  typhoid  and  paratyphoid  in  the  British  Army.  The  with-' 
drawal  from  the  Gallipoli  Peninsula  is  not  accountable  for  this  sudden  decrease, 
for  the  Salonica  and  Balkan  campaigns  are  in  a  territory  nearly  as  tmhealthy.' 

The   method   of   making  triple   vaccine    adopted    in   our    experiments    was.] 
briefly  as  follows :  stock  cultures  of  B.  typhosus,  B.  paratyphosus  A,  and  B.  para- 
typhosus  B  were  grown  on  agar,  either  in  tubes  or  Roux  bottles,  for  24  hours  at; 
37°  C.     The  growth  Avas  then  washed  ofif  with  normal  saline  to  which  0.5  per] 
cent  of  phenol  had. been  added.     Each  bacillary  suspension  was  killed  by  heat- 
ing in  a  water  bath  at  45°   C.   for  30  minutes  and  then  gradually  raising  the 
temperature  to  o(j^  C.  and  maintaining  it  at  that  level  for  one  hour.     The  sus- 
pensions were  then  proved  sterile  (both  culturally  and  by  inoculation  into  rabbits} 
and  then  counted  (either  by  \\'right's  blood  film  method  or  by  a  Zeiss  bacterial 
counting  chamber).     The  suspensions  were  then  diluted  and  mixed  so  that  1.0- 
c.c.   contained  1,000  million   B.   typhosus,   500   million   B.   paratyphosus   A  and] 
500  million  B.  paratyphosus  B.     This  triple  vaccine  was  again  proved  sterile 
(culturally  and  by  rabbit  inoculation). 

Prophylactic  vaccination-  against  B.  typhosus,  B.  paratyphosus  A,  and  B. 
paratyphosus  B  will  eliminate  practically  all  cases  of  infection  with  these  three 
organisms;  a  few  cases  will  still  occur,  the  majority,  as  shown  by  experience, 
because  some  of  the  troops  have  failed  to  be  vaccinated,  through  "conscien- 
tious objections"  or  through  oversight;  and  a  certain  minimum  in  whom  the- 
vaccination   does  not  produce   sufficient   immunity. 

To  dififerentiate  these  cases,  which  are  practically  always  mild,  from  other 
pyrexias,  an  accurate  quantitative  method  of  serologic  diagnosis  must  be  used.* 
The  agglutination  test  when  quantitatively  performed  by  an  accurate  technic^^ 
can  undoubtedly  be  made  to  give  as  valuable  results  in  inoculated  as  in  uninr 
oculated  persons ;  for  although  it  is  true  that  a  single  positive  Widal  reaction, 
even  when  done  quantitatively,  in  the  case  of  a  person  suspected  of  typhoid  or 
paratyphoid  fever  who  has  previously  been  inoculated  with  triple  vaccine,  may 
be  of  no  value,  yet  by  recording  the  highest  dilution  in  which  marked  agglvitina- 
tion  occurs  (that  is,  the  titer  of  agglutination  of  the  patient's  serum)  and  repeat- 
ing this  quantitative  determination  once  or  twice  at  intervals  of  four  days,  one  can 
readily  arrive  at  a  correct  diagnosis  by  noting  whether  or  not  any  appreciable- 
alteration  occurs  in  the  titer  of  the  patient's  serum  at  the  successive  examinations 
(that  is,  noting  whether  the  agglutinating  power  of  the  serum  has  risen  or  fallen 
during  the  period  of  observation ).  For  one  can  state  with  confidence  that  if  either 
a  marked  rise  or  a  marked  fall  in  the  agglutination  titer  has  taken  place,  the 
-person  is  suffering  from  active  typhoid  or  paratyphoid  infection,   since  it  has- 


■•For  the  first  8  da-ys  a  blood  culture  is  a  reliable  method  of  diagnosis,  but  after  this  period,  a  positive 
blood  culture  is  rare  .and  positive  stool  and  urine  cultures  are  usually  not  obtained  in  more  than  60  per 
cent  of  the  cases. 
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been  shown^*  that  in  active  typhoid  and  paratyphoid  infections  the  agghitination 
titer  of  the  serum  increases  for  about  the  first  three  weeks  (Dreyer),  after 
which  it  falls,  at  first  rapidly,  and  then  much  more  gradually  toward  its  original 
level.  The  rate  of  fall  progressively  diminishes,  so  that  after  about  two 
months,  successive  observations  made  at  short  intervals,  will  probably  exhibit 
no  appreciable  change. 

The  agglutination  technic  by  means  of  which  this  accurate  analysis  has 
been  rendered  possible  is  the  quantitative  macroscopic  method  introduced  by 
Drever^''  in  1904,  of  which  this  brief  description  issued  from  the  Department 
of  Patholog}-,  University  of  Oxford,  is  appended. 

DIRECTIONS. 
USE  OF   STA.VD.\RD  AGGLUTIXA3LE   CULTURES   IN   TESTING  THE  AGGLUTINATING   POWER  OF   A   SERUM. 

I.  Tcclniic. — Take  a  stand*  containing  15  agglutination  tubes  in  3  rows  of  5  each,  and 
a  dilution  tube.      (See  note  on   size  of  agglutination  tubes  on  p.  614.) 

With  the  proper  dropping  pipette  measure  out  into  the  dilution  tube  54  drops  of 
normal  saline  solution,  0.85  per  cent  sodium  chloride,  in  distilled  water  (where  the  water 
supply  is  pure,  tap-water  can  be  used  instead  of  saline  solution)  by  means  of  gentle  pressure 
on  the  teat. 

Wash  the  pipette  with  distilled  water. 

Dry  out  the  pipette  with  successive  quantities  of  absolute  alcohol,  followed  by  suc- 
cessive quantities  of  ether,  and  get  rid  of  the  ether. 

Take  up  the  serum  to  be  tested  into  the  dried  pipette.  Measure  out  6  drops  of  the 
serum  into  the  dilution  tube  already  containing  the  54  drops  of  saline  solution,  thus  ob- 
taining a  dilution  of  1  in  10.     Mix  thoroughly. 

Carefully  wash  out  the  pipette. 

With  the  pipette  measure  out  into  each  row  of  tubes  as  follows: 

Drops  of  Drops  of  .w»^"    ' 

Normal        Serum 

Number      Saline  Dilution  "  •"^- ■'-'  ■»>«>»- 

of  tube.     Solution.     1   in   10. 

to  each  tube  in  row  1  add  15  drops  of 
B.  fyplwsKs  Standard  .\gglutinable  Culture. 

to  each  tube  in  row  2  add  15  drops  of 
B.  f^anityphostts  A  Standard  .\gglutinable  Culture. 

to  each  tube  in  row  3  add  15  drops  of 
B.  f^ayafyf^lwsiis  B  Standard  .■Xgglutinablc  Culture. 

.^t  each  stage  of  the  procedure  t!ie  pipette  is  carefully  washed  and  dried  out  with 
successive   quantities   of   absolute    alcohol    followed    by   successive   quantitives   of    ether. 

Shake  each  tube  thoroughly  in  order  from  right  to  left,  i.e.,  beginning  each  row 
with  the  highest  dilution. 

Place  the   stand   ffjr  2  hours  in  a   water-bath  at  50°-55°   C.    (iiol  in  dry  air). 

In  Tube   1  of  each  row  the  serum  acts  in  a  dilution  of   1   in  25. 

"2                     "  .  "  '•                 1   in  50. 

3  "  "  "  1  in  125. 

4  "  "  '•  1  in  250. 

Tulie   5  containing  no   scrum   is  control   against  spontaneous   agglutination. 

It  tlic  limit  of  agi;lutination  is  not  reached  within  this  series,  iii.uhir  dilutions  are 
followed  out  in  a  similar  manner. 

Thus,    for   example,   57   drops   of   normal    saline    sohitii>M    i.lus   3   drops   of   a    1    in    10 

*Stands,  dropping  pipettes,  agglutination  tubes,  etc.,  can  he  obtained  from  Messrs.  Ttaird  and  Tat- 
lock,  Hatton  Garden,  J\.  C,  London.  If  the  larger  agglutination  tubes  are  used  the  c|uantities  of  >.aline, 
serum  and  culture  are  mca.sured   in   tenths  of  a  c.c.   in  tlie   same   proportions  a>i   the  drops. 
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serum  dilution  will  give  a  serum  dilution  of  1  in  200,  and,  using  the  same  quantities  as 
before,  one  has  the  serum  acting  in  dilutions  of  1  in  500,  1  in  1000.  1  in  2500,  and  1  in 
5000.     And  similarly  for  higher  dilutions. 

The  tubes  are  examined  after  2  hours  at  50^-55"  C.  followed  by  15  minutes  stand- 
ing at  room  temperature.  The  reading  is  taken  by  comparing  each  tube  in  succession  with 
the  control  tube,  and  is  preferably  made  by  means  of  artificial  light  against  a  black  back- 
ground. If  daylight  is  used,  the  tubes  inspected  should  be  partly  shadowed  by  passing 
a  finger  up  and  down  behind  them. 

The  highest  dilution  in  which  marked  agglutination  (without  sedimentation)  can  be 
detected  by  the  naked  eye  is  standard  agylu-tination.  But  owing  to  the  rate  at  which  the 
dilution  increases  in  the  series  of  tubes  employed  it  will  commonly  happen  that  no  tube 
in  the  series  exhibits  standard  agglutination.  If  this  be  so  it  will  be  found  in  looking 
along  the  series  that  while  one  tube  shows  strong  agglutination  with  sedimentation  the 
next  succeeding  tube  shows  no  agglutination  at  all  or  only  a  trace.  In  such  cases  standard 
agglutination   lies   approximately  midway  between  the  two  dilutions. 

Should  a  more  precise  determination  of  the  limits  of  agglutination  be  required,  it 
can  be  obtained  by  using  a  stand  of  12  tubes  with  the  series  of  quantities  given  in  the 
table  contained  in  the  directions  for  Preparation  and  Standardization  of  Agglutinable 
Cultures. 

(If  the  stand  is  left  at  the  room  temperature,  16  to  24  hours  must  be  allowed  be- 
fore the  reading  is  taken,  but  the  reaction  is  not  then  so  sharply  defined.  In  this  case  the 
highest  dilution  in  which  a  definite  flocculent  sedimentation  appears  corresponds  ap- 
proximatelv  to  standard  agglutination.)  The  same  is  true  for  8  hours  in  an  incubator  at 
37°  C. 

When  the  standard  degree  of  agglutination  ("standard  agglutination" )  occurs  with 
Standard  Agglutinable  Culture  in  a  serum  dilution  of  1  in  x,  then  .r  divided  b\'  the 
figure  given  on  the  label  of  the  Standard  Agglutinable  Culture  employed  gives  the  num- 
ber of  "standard  agglutinin  units'"^  contained  in   1  c.c.   of  the   serum  examined. 

Thus  if  standard  agglutination  occurs  in  a  dilution  of   1   in  lOCO  and  the  number  on 

the  label  is  2.5,  then  Ii^Ll^  i.e.,  400.  is  the  number  of  Standard  Agglutinin  Units  con- 
tained in  1  c.c.  of  the  serum  examined. 

For  uniformity  and  simplicity  in  recording  results  they  should  be  expressed  in 
standard  agglutinin  units. 

2.  Diagnosis. — A.  In  non-inoculated  persons  who  have  not  liad  typhoid  (or  para- 
typhoid) fever,  agglutination  in  a  dilution  of  1  in  25  justifies  a  strong  suspicion  of  tj-phoid 
(or  paratyphoid)  infection.  But  the  test  must  be  applied  again  in  the  course  of  a  few 
days  to  ascertain  whether  there  is  any  change  in  the  titer  of  agglutination.  Marked 
agglutination  in  a  dilution  of  1  in  50  or  more  is  (nearly  always)  diagnostic  of  active 
typhoid  (or  paratyphoid )   infection. 

A  non-inoculated  "carrier"  will  normally  show  no  important  change  in  the  titer  of 
his  serum  on  repeated  examination  at  short  intervals. 

B.  Inoculated  persons  if  quite  recently  inoculated  will  usually  show  a  high  titer 
of  specific  agglutination.  A  rapid  rise  in  titer  sets  in  within  two  to  four  days  of  in- 
oculation. This  is  followed  by  a  fall  at  first  rapid,  but  subsequently  becoming  very  slow, 
so  that  a  relatively  high  titer  is  maintained  for  a  long  period  (even  for  years).  During 
this  period  examinations  made  at  intervals  of  a  few  days  give  practically  identical  read- 
ings. 

It  follows  that  in  the  case  of  inoculated  persons  the  diagnosis  of  active  typhoid  (or 
paratyphoid)   infection  will  require  two  or  more  successive  examinations  of  the  serum. 

(a)  If  the  individual  is  suffering  from  active  typhoid  infection  his  titer  of  typhoid 
agglutination  will  exhibit  the  usual  rise  and  subsequent  regular  fall  seen  in  non-inoculated 
subjects,  but  starting  from  and  returning  towards  the  higher  base  line  of  inoculated  persons. 

(b)  If  the  individual  is  suffering  from  active  paratyphoid  infection  one  of  three 
things  may  occur  as  regards  his   typhoid  agglutination  titer  namely: 

1.  No   appreciable  change   may   occur  in   the   titer   of   typhoid    agglutination. 

2.  A  relatively  slight  rise  may  occur,   followed  by  a   fall  towards  the   former  level. 

3.  A  marked  rise  may  occur  synchronous  with  the  rise  in  paratyphoid  agglutina- 
tion titer,  and  subsequently  followed  by  the  usual   fall  towards  the  former  level. 

Meanwhile  the  titer  of   paratyphoid   agglutination   runs   the   normal   course   of   rapid 
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rise  to  a  maximum  (usually  exceeding  the  maximum  typhoid  titer)  followed  by  a  fall, 
at  first  rapid  and  then  slower  as  already  described  for  typhoid  subjects,  and  falling  below 
the  persistent  base  line  of  typhoid  agglutination  of  inoculated  persons. 

C.  In  the  case  of  mixed  infections  whether  in  inoculated  or  noninoculated  persons 
the  agglutinin  curves  for  the  different  infecting  organisms  are  usually  not  synchronous, 
and  they  pursue  their  ordinary  course   independently  of   each  other. 

*Xotc. — The  standard  agglutinin  unit  is  that  amount  of  agglutinating  serum  which 
when  made  up  to  1  c.c.  volume  with  normal  saline  solution  causes  standard  agglutination 
on  being  mixed  with  1.5  c.c.  of  a  particular  standard  agglutinable  culture  and  maintained 
at  55°  C.  for  2  hours  in  a  water-bath  followed  by  15  minutes  at  the  room  temperature. 

From  the  Department  of  Pathology,  University  of  Oxford, 
on  behalf  of  the  Medical  Research  Committee. 

In  Great  Britain  and  Denmark  this  technic  has  now  very  largely  superseded 
the  older  microscopic  method.  Its  application  and  the  use  of  the  standardized 
agglutinable  cultures,-"  which  have  been  issued  since  July,  1916,  on  behalf  of  the 
]\Iedical  Research  Committee  (England)  to  British  military  and  naval  hos- 
pitals, have  rendered  it  a  simple  matter  to  determine  accurately  the  degree  to 
which  the  serum  of  any  given  individual  will  agglutinate  the  Bacillus  typhosus 
or  the  paratyphoid  bacilli.*  A  description  of  the  mode  of  preparation  and 
standardization  of  these  cultures  is  sent  out  from  the  Oxford  laboratory  in  the 
following  form : 

Preparation. — The  bacillus  (B.  typhosus.  B.  paratyphosus,  etc.)  is  grown  for  twenty- 
four  hours  at  Z7''  C.  in  ordinary  veal  peptone  bouillon  in  large  Erlenmeyer  flasks  partly 
filled    (1  liter  of  bouillon  in  a   \^h.  liter  flask). 

The  bouillon  is  titrated  against  phenolphthalein,  and  two-thirds  of  that  amount 
of  sodium  hydrate  which  would  render  it  neutral  to  phenolphthalein  is  added  before  the 
final  boiling  and  filtration. 

Before  use  the  flasks  of  bouillon  are  sterilized  in  the  autoclave  at  115°  C.  for  not  more 
than  fifteen  minutes,  and  are  then  tested  for  sterility  by  incubation  at  27°  C.  for  forty- 
eight  hours. 

They  are  inoculated  with  a  few  drops  each  from  a  twenty  to  twenty- four  hour  old 
bouillon  culture  of  the  bacillus    (B.  typhosus  or  B.  paratyphosus,  etc.). 

The  culture  used  should  be  one  which  has  been  subcultivated  daily  in  bouillon  for 
one  or  two  weeks  (or  longer).  This  continued  subcultivation  has  the  effect  of  increasing 
its   agglutinability   and   diminishing   any   tendency   to    spontaneous    agglutination. 

At  the  end  of  twenty  to  twenty-four  hours'  growth  at  i7°  C,  the  flasks  are  well 
shaken,  and  to  each  is  added  0.1  per  cent  (1  c.c.  per  liter)  of  commercial  (40  per  cent) 
formalin.     They  are  again  shaken  and  placed  in  a  cold  chamber  in  the  dark  at  about  2°   C. 

At  intervals  on  the  same  day  and  on  subsequent  days  for  four  or  five  days  the 
flasks  are  again  thoroughly   shaken  and   replaced  at  once  in  the  cold  chamber. 

After  three  or  four  days  they  will  be  found  to  be  absolutely  sterilized.  Should  it 
happen  that  the  l)acterial  suspension  is  not  entirely  homogeneous  it  may  be  shaken  for 
some  hours  in  a  mechanical  shaker,  or  may  finally  be  filtered  through   sterile  cotton-wool. 

Standardisation. — The  process  of  standardization  consists  {.\)  in  making  up  the 
killed  culture  to  an  opacity  as  nearly  as  possilile  identical  with  that  of  the  Standard  .Ag- 
glutinable Culture,  (H)  in  measuring  its  agglutinability  as  comjiarcd  with  the  Standard 
Agglutinable  Culture  liy  the  use  of  Standard   Serum. 

.'\.  The  killed  culture  is  diluted  to  the  required  degree  with  normal  saline  solutiiMi 
to  which  has  been  added  0.1  per  cent  of  commercial   (40  per  cent)   formalin. 

A.  Details  of  Method.-'- — Apparatus. — .Mmost  any  variety  of  dwarf  test  ttibc  or 
agglutination  tube  may  be  used.  It  is  essential  to  have  at  hand  a  fairly  large  supply  of 
tubes,  so  that  a  selection  may  be  made  of  tubes  of  practically  e(|ual  internal  diameter. 
The  tubes  must  he  quite  clean  and  their  surface  must  lie   I'nr    in  mi  scratches.     When   the 

'Any  lalioratory  can  be  readily  efiuippeil  to  make  and  i.ssue  in  largt-  (juantities  these  standard 
aggliitinalilc  cidtiires  of  tyjihoid  and  paratyiihoid  tiacilli.  They  may  also  be  ol)tained  by  writing  to  the 
Standards  Dcfiartment,  Dciiartnient  of   I'athology,  Museum,  r)xford,    Knglaii<l. 
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greatest  possible  accuracy  is  desired,  it  is  best  to  use  the  larger*  form  of  tube  and  to 
measure  the  fluids  with  a  2.0  c.c.  pipette,  accurately  graduated  in  hundredths  of  a  cubic 
centimeter.  But  for  ordinary  purposes  the  small**  agglutination  tubes  may  quite  well 
be  employed,  and  the  dilutions  made  with  a  dropping  pipette.  In  this  latter  method  there 
is  a  certain  error  due  to  the  difference  in  siz^  of  the  drops  of  0.85  per  cent  NaCl  solution 
and  of  culture.  About  17  to  18  drops  of  culture  are  equal  to  15  drops  of  saline.  But  in 
dealing  with  small  volumes  of  fluid,  it  is  open  to  doubt  whether  measurements  wnth  a 
small  graduated  pipette  are  any  more  accurate  than  this. 

Tcchnic. — ^(For  the  smaller  tubes  the  quantities  of  saline,  serum  and  culture  are  meas- 
ured in  drops;  for  the  larger  ttibes  in  tenths  of  a  c.c.)  Two  sets  of  eleven  gauged  tubes  are 
placed  in  a  suitable  stand.  Into  the  tubes  of  each  set  the  different  fluids  are  measured  as 
follows : 


Tube 

Saline 

Culture 

1 

0 

20 

2 

4 

16 

3 

8 

12 

4 

10 

10 

5 

12 

8 

Culture 

diluted  1  in  2 

6 

6 

14 

7 

8 

12 

8 

10 

10 

9 

12 

8 

10 

14 

6 

11 

16 

4 

This  series  of  dilutions  is  similar  to  that  described  for  the  serum  dilution  in  the 
standardization  of  agglutinable  cultures,  only  multiplied  by  two.  It  w-ill  be  seen  that  the 
range  of  dilutions  in  the  series  is  from  1/1  to  1/10,  and  that  the  progressively  diminish- 
ing quantities  of  culture  are  always  made  up  to  the  same  volume  with  saline.  The  mixtures 
in  the  tubes  are  w"ell  shaken  with  the  finger  over  the  mouth  of  the  tube,  and  the  readings 
are  then  taken. 

Readings. — Artificial  light  and  a  black  background  are  essential.  It  has  been  our 
custom  to  use  a  frosted  electric  bulb  with  a  large  green  shade,  and  some  pieces  of  dull 
black  boarding  or  paper  placed  on  the  table  below  the  lamp  and  propped  up  behind  it.  .\ 
darkened  room,  though  not  absolutely  necessary,  adds  considerably  to  the  ease  and  ac- 
curacy of  the  readings.  The  lamp  shade  is  inclined  so  that  the  bulb  is  just  hidden  from 
the  eye,  and  the  tubes  to  be  compared  are  held  up  against  the  edge  of  the  shade.  Before 
reading,  the  outside  of  the  tubes  must  be  wiped  with  the  moistened  corner  of  a  glass- 
cloth  and  then  polished  with  the  dry  part  of  the  cloth.  From  one  series  a  tube  is  chosen 
at  random  which  we  call  the  "standard"  tube  for  the  first  reading.  With  this  the  tubes 
of  the  other  series  are  compared  one  after  the  other  until  one  is  found  which  matches 
it  in  turbidity.  It  will  frequently  be  found  that  there  is  no  tube  in  the  second  series  which 
gives  an  exact  match,  but  that  there  is  one  tube  which  is  a  little  more  turbid  while  the 
next  lower  is  a  little  less.  In  this  case  the  standard  tube  is  recorded  as  lying  between 
those  two  tubes  of  the  other  series. 

Moreover  it  is  usually  possible  to  judge  whether  it  is  nearer  to  one  than  to  the 
other.  If  so,  we  make  a  mark  or  marks  under  the  number  of  the  tube  to  which  it  is 
nearer.  Five  or  six  readings  should  be  made  in  this  manner,  taking  a  number  of  tubes 
in  succession  as  standard.  It  is  well  to  read  in  both  directions ;  i.e..  to  take  tubes  from 
each  series  as  standard.  Now,  since  we  know  the  dilution  of  the  culture  in  every  tube, 
it  needs  only  a  simple  calculation  to  arrive  at  the  relative  turbidity  of  the  two  cultures. 
Records  of  typical  routine  estimations  are  given  in  Table  I.  Moreover,  twelve  tubes  may  be 
used  with  advantage  instead  of  eleven. 

Thus:  Culture  (c.c.)  1.0,  0.8,  0.6.  0.5,  0.4.  0.35,  0.3,  0.25,  0.2,  0.17,  0.13.  0.10.  Water 
(c.c.)  0.0,  0.2,  0.4,  0.5,  0.6,  0.65,  0.7,  0.75,  0.8,  0.83,  0.87,  0.9.  The  range  of  dilution  is  the 
same  as  before;  and  the  only  difference  is  that  the  series  is  fuller  by  one  tube  at  the 
right-hand  end,  which  renders  readings  in  this  neighborhood  more  accurate.  ' 


*A  thin-walled  dwarf  test  tube  about   7.0   cm.   long  and   0.95   to   1.0   cm.    in   diameter. 
**A   smaller    "agglutination    tube"    5.7    to    5.8    cm.    in    length,    having    an    internal    diameter    of    5.5    to  j 
6.2   mm.  ; 
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Moderate  variations  in  the  color-intensity  of  the  fluids  do  not  appreciably  affect 
the  accuracy  of  the  readings,  for  the  progressive  dilution  renders  such  differences  neg- 
ligible at  an  early  point  in  the  series.  If  one  of  the  fluids  under  comparison  is  so  thick 
that  the  range  of  dilutions  described  proves  insufficient  to  allow  a  comparison  with  the 
other  fluid  ;  then  a  further  series  of  tubes  must  be  set  up  in  precisely  the  same  manner, 
but  using  the  thicker  fluid  diluted  (1  in  10,  or  1  in  20)  instead  of  at  full  strength. 

In  practice  it  is  often  convenient  to  make  a  rough  estimate  of  the  relative  thickness 
of  the  fluids  before  proceeding  to  the  complete  test.  This  is  easily  done  by  taking  a  small 
quantity  of  the  two  fluids  in  two  tubes  of  equal  caliber,  and  diluting  the  thicker  fluid  until 
the  two  show  approximately  equal  turbiditj*.  From  this  rough  test  it  is  easy  to  make  an 
approximate  calculation  of  the  relative  thickness  of  the  fluids.  If  one  fluid  appears  to  be 
four  or  five  times  thicker  than  the  other,  it  is  best  to  dilute  it  suitably  before  putting  up  the 
test  series. 

Table  I. 

ESTIMATION   OF   RELATIVE   TURBIDITIES    OF    FLUIDS    A    AND    B. 

A   is  a  stock  standard  culture 

B  is  a  fresh,  undiluted,   formalized  broth  culture 

Technic :  graduated  2.0  c.c.  pipette  and  large  tubes 


Readings 


Series  A 
Tube 


Series  B 
Tube 


Actual  quantities 
of  culture  in  the 
matched  tubes 


Ratlc- 


quantity  of  A 
quantity  of  B 


matches       9 
5 

10 

7 

"     10-11 


A 
0.40  c.c 
0.80  c.c 
0.35  c.c 
0.60  c.c 
0.30  c.c 


B 
0.20  c.c. 
0.40  c.c. 
0.17  c.c. 
0.30  c.c. 
0.15  c.c. 


Mean  2.01. 


2.00 
2.00 
2.06 
2.00 
2.00 
Mean  error. 


Deviation 
from  mean 
in  per  cent 

0.50 
0.50 
2.49 
0.50 
0.50 
0.90%. 


Calculation  for  diluting  B  to  the  same  turbidity  as  A : 

1.0  c.c.  of  B=:2.01  c.c.  of  A. 
Therefore,  to  each  1.0  c.c.  of  B  add  1.01  c.c.  of  diluting  fluid. 


B.    To  measure  the  agglutinability  of  the  killed  culture  thus  diluted,  proceed  as  follows: 

Take  two  stands  and  place  twelve  agglutination  tubes  in  each.     Prepare  (1)  a  dilution 

of  standard  agglutinating  serum  of  such  strength  that  each  cubic  centimeter  contains  from  4 

tc  8  standard  agglutinin  "units,  and  from  this  prepare    (2)    a  second  dilution  of  half  that 

strength. 

With  the  pipette  measure  out 

Drops  of  normal 

saline  solution.  Serum  dilution. 


Into  Tube  1  of  each  str.nd  0 

"  2  "  " 

"  3  "  " 

"  4  "  " 

"  5  "  " 

"  6  "  " 

"        "  7  "  " 

"  8  ••  " 

"  9  "  " 

"  10  ••     " 

"11    "       " 
"    12    ••      " 

(To  each  tube  of  one  stand  is  added   15  droiis  dI  Stniultird  .■li/f/liilinnhli-  iulliitr,  :\u<\ 
to  eacli  tube  of  the  other  stand    15  drops  of  the  killed  culture  under   stanchirdizatioii. ) 

*If  the  larger  tubes  are  used  thc^e  <|uantiiie4  an'  nic-mnnil   in  iinilis  tif  :i  c.c. 
as  the  drops. 


1  0 

10  d 

rops*  of 

dilution  1 

2 

8 

4 

6 

5 

5 

6 

4 

3 

7 

> 

4 

6 

5 

5 

6 

4 

7 

3 

8 

-» 

10 

0 

the   same  iirni  fiiion 
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At  each  stage  of  the  procedure  the  pipette  is  carefully  washed  and  dried  out  with 
successive  quantities  of  absolute  alcohol   followed  by  successive  quantities  of  ether. 

The  stands  are  placed  for  two  hours  in  a  water  bath  at  50°  to  55°  C,  then  allowed 
to  stand  for  fifteen  minutes  at  room  temperature  and  a  reading  subsequently  taken  by 
selecting  in  the  series -made  with  standard  agglutinable  culture  the  tube  which  exhibits 
standard  agglutination  (the  highest  dilution  in  which  marked  agglutination,  without  sedi- 
mentation, can  be  detected  by  the  naked  eye),  and  ascertaining  which  tube  in  the  other 
series  shows  the  same  degree  of  agglutination.  Should  the  tube  be  the  same  in  each 
series,  the  agglutinability  of  the  killed  culture  is  clearly  equal  to  that  of  the  standard.  If 
not  the  same,  the  degree  of  agglutinability  of  the  killed  culture  is  now  readily  determined. 

Thus  suppose  that  Tube  5  in  the  Standard  series  corresponds  to  Tube  2  in  the  other 
series.  The  Standard  Agglutinable  Culture  is  twice  as  agglutinable  as  the  killed  culture 
under  standardization,  since  only  half  the  quantity  of  serum  has  been  required  to  ag- 
glutinate it  to  the  same  degree. 

Hence,  if  anj-  given  serum  presented  for  examination  is  found  to  agglutinate  this 
particular  killed  culture  in  a  dilution  of,  say,  1  to  500.  then  500  multiplied  b}^  2  and 
divided  by  the  figure  given  on  the  label  of  the  Standard  Agglutinable  Culture  is  the  num- 
ber of  Standard  Agglutinin  Units  in  1  c.c.  of  the  serum  examined. 

Or,  again,  if  the  killed  culture  were,  say,  1.3  times  as  agglutinable  as  the  Standard 
Agglutinable  Culture,  then  in  the  same  example  as  above,  500  divided  by  1.3  and  again 
divided  by  the  figure  given  on  the  label  of  the  Standard  Agglutinable  Culture  is  the 
number  of  Standard  Agglutinin  Units  in  1  c.c.  of  the  serum  examined. 

As  a  matter  of  routine,  quantitative  agglutination  tests  are  made  simul- 
taneously against  B.  typhosus,  B.  paratyphosus  A,  and  B.  paratyphosus  B,  and 
the  highest  dilutions  in  which  marked  agglutination  without  sedimentation  oc- 
curs are  recorded.  Since,  wherever  triple  inoculation  has  been  made  a  routine 
practice,  it  is  found  that  about  99  per  cent  of  the  inoculated  individuals  give  a 
positive  agglutination  reaction  (Widal)  against  B.  typhosus,  B.  paratyphosus  A, 
and  B.  paratyphosus  B  for  at  least  a  year,  therefore  a  second  specimen  of  blood 
must  be  taken  four  or  five  days  later  and  the  test  repeated.  If  the  highest  dilu- 
tion in  which  marked  typhoid  or  paratyphoid  A  or  B  agglutination  occurs  on 
the  second  occasion  is  approximately  the  same  as  that  found  on  the  first  oc- 
casion, the  case  is  not  one  of  typhoid  or  paratyphoid  A  or  B  fever,  and  the 
agglutination  is  due  to  the  triple  inoculation  alone.  For  it  has  been  shown  that 
after  about  the  third  month  of  antityphoid  and  paratyphoid  A  and  B  inocula- 
tion, the  titer  of  the  agglutination  due  to  inoculation  is  practically  stationary 
if  examined  at  intervals  of  only  a  few  days,  and  that  tests  made  at  intervals 
of  even  weeks  will  show  only  a  small  gradual  decrease  in  titer. -^  If,  on  the 
other  hand,  the  highest  dilution  of  marked  agglutination  for  any  of  the  bacilli 
(typhoid  and  paratyphoid  A  and  B)  in  the  second  test  is  either  markedly 
higher  or  markedly  lower  than  at  the  first  examination,  one  can  state  that  the 
case  is  one  of  active  infection  with  the  bacillus  whose  titer  showed  the  alteration, 
i.  e.,  either  B.  typhosus  or  B.  paratyphosus  A,  or  B.  paratyphosus  B. 

CONCLUSIONS. 

1.  Prophylaxis  against  typhoid  and  paratyphoid  A  and  B  is  absolutely 
necessary  for  armies  operating  in  the  United  States  and  Europe. 

,  2.  Mixed  "triple"  vaccine  containing  in  1.0  c.c. ;  1000  million  B.  typhosus,  500 
million  B.  paratyphosus  i\  and  500  million  B.  paratyphosus  B ;  0.5  c.c.  of  which  is 
injected  subcutaneously,  followed  at  an  interval  of  7  to  16  days  by  the  injection 
of  1.0  c.c.  at  a  further  interval  of  7  to  16  davs  is  advisable. 
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3.  Accurate  C[uantitative  agglutination  tests  with  standard  agglutinable  cul- 
tures made  at  four  day  intervals  is  the  best  method  of  diagnosis  of  typhoid  and 
paratyphoid  infection  in  inoculated  individuals. 
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THE  SIGNIFICANCE  OF   LAMBLIA   INTESTINALIS  IN  STOOL 

EXAMINATIONS* 

By  A.  H.  Logan,  M.D.,  and  A.  H.  Sanford,  M.D.,  Rochester,  Mixx" 


THAT  certain  protozoal  parasites  have  a  definite  pathogenicity  in  some  forms 
of  intestinal  disturbances  is  acknowledged  by  practically  all  clinicians.  The 
role  played  by  the  flagellate,  Lamblia  intestinalis,  is  still  an  open  question  if  one^ 
is  to  judge  by  the  diversity  of  opinion  expressed  in  the  literature  on  the  subject. 
In  the  writings  of  Braun,  Park  and  Williams,  Barker,  Besson,  Allbutt  and  Rol- 
leston,  and  many  others,  it  is  tersely  stated  that  they  are  nonpathogenic.  Other 
writers,  among  them  Emerson,  Stiles,  Rodenwaldt,  MacNeal,  and  Neveu-Lemaire, 
consider  that  their  part  as  an  etiologic  factor  in  chronic  diarrhea  is  not  entirely 
settled,  but  that  they  may  ha\e  much  to  do  in  prolonging  symptoms  when  the 
disease  is  once  established.  On  the  other  hand,  Daniels,  Brumpt,  and  Stitt  each 
ascribe  a  pathogenic  role  to  these  organisms,  the  last  mentioned  author  stating 
that  they  are  "responsible  for  a  chronic  and  intractable  diarrhea,  an  infection 
only  minor  in  importance  to  amebic  infection." 

We  have  not  attempted  to  review  the  literature  fully,  but  may  state  that  in 
recent  articles  on  the  subject  Lamblia  intestinalis  has  been  considered  pathogenic 
by  the  following  authors :  Du  Bois  and  Toro,  Wenyon,  Russell,  Kennedy  and 
Rosewarne,  Porter,  Fantham,  Fantham  and  Porter,  and  Mathis. 

In  tropical  regions  this  parasite  is  encountered  very  frequently  in  stool  ex- 
aminations. In  our  country,  especially  in  northern  latitudes,  it  is  not  found  com- 
monly. The  cysts  are  easily  recognized,  and  when  present  are  found  in  great 
numbers  if  the  patient  has  had  the  usual  preparation  for  examination  tor 
endamebas,  i.e.,  one-half  to  one  ounce  of  salts  before  breakfast.  It  is  quite  usual, 
when  cysts  are  present,  to  find  free,  motile  forms  the  next  morning  after  the 
patient  has  taken  a  second  dose  of  salts. 

In  stool  examinations  made  for  more  than  6,000  patients  during  the  past 
six  years,  we  have  found  this  parasite  in  only  a  trifle  more  than  1  per  cent  of  the 
cases.  The  patients  came  from  all  parts  of  the  United  States,  but  chiefly  from 
the  northern  states;  three  were  from  Canada. 

This  report,  then,  is  based  on  66  cases  in  which  Lamblia  intestinalis  has  been 
found  in  stool  examinations.  In  41  persons  this  was  the  only  organism  that 
might  account  for  the  complaint.  In  the  remaining  25  cases  there  were  other 
organisms,  or  pathologic  conditions  which  presumably,  in  some  instances  at 
least,  accounted  for  the  complaint. 

In  studying  the  histories  of  these  cases  we  find  there  is  apparently  no 
syndrome  which  is  diagnostic  without  a  stool  examination.  A  history  of  pre- 
ceding, or  present  diarrhea,  usually  without  blood  or  mucus,  often  with  most 
or  all  of  the  stools  in  the  early  morning  hours,  with  rumbling  and  rolling  in  the 
intestines,  indefinite  pain  slightly  more  to  the  right  side,  an  "all  in"  feeling,  and 
nervous  indigestion  are  all  suggestive  symptoms,  but  in  no  way  diagnostic.    After 

*From   the    Mayo    Clinic.    Rochester,    Minn. 
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the  initial  attack  of  diarrhea,  constant  looseness,  alternate  constipation  and  diar- 
rhea, or  constipation  may  remain. 

As  lamblias  have  been  held  to  be  nonpathogenic  by  most  observers,  no  at- 
tention has  been  paid  to  their  presence  in  the  stools,  and  little  or  no  treatment 
has  been  directed  toward  their  removal.  Possibly  for  this  reason  many  of  our 
patients  give  long  histories.  Nineteen  of  the  series  of  41  patients  gave  a  history 
extending  over  five  years,  11  of  them  hnving  a  constant  looseness  or  severe 
•diarrhea.  Eighteen  of  the  series  had  constant  looseness  var^-ing  from  3  to  20 
stools  daily ;  8  others  had  spells  of  diarrhea ;  3  had  normal  stools ;  and  the  re- 
mainder were  constipated. 

As  the  lamblias  inhabit  the  upper  intestinal  tract,  we  would,  not  expect  free 
blood  in  the  stools  or  much  inflammation  in  the  colon.  Six  of  the  41  patients 
had  seen  some  free  blood  (one  of  these  had  bleeding  piles),  18  expressly  stated 


Photomicrograph  of   Lamblia   intestinalis. 

that  no  blood  had  been  passed,  and  in  the  other  cases  no  mention  of  blood  was 
recorded.  In  the  25  cases  in  which  there  were  complications,  5  patients  had 
tioted  blood  and  13  had  not. 

Proctoscopic  examinations  were  made  for  10  of  the  41  patients.  Six' had 
■normal  bowels,  3  a  slight  proctitis  and  1  a  diffuse  colitis  without  ulceration.  Of 
5  patients  in  the  series  of  25  who  had  proctoscopic  examinations,  2  had  normal 
bowels,  1  a  mild  colitis,  and  2  ulceration  due  to  amel)as. 

Twelve  of  the  series  with  lamblias  alone  had  examinations  of  the  slomnch. 
In  9  the  acids  were  normal,  and  in  3  there  was  absence  of  hydrochloric  acid. 
Six  patients  iiad  barium  roentgenographic  examinations  of  the  slomach.  and 
in  all  the  findings  were  negative.  Illood  examinations  were  m;\de  in  liio  majority 
of  the  cases,  but  showed  no  change  in  the  ecjsinophiles  and  in  onl\-  two  pationl^^ 
of  the  larger  series  was  the  hemoglobin  reduced   (45  per  centi. 

Since  the  s}niptoins  delinitely  indicated  .some  trouble  and  in  many  cases 
jWere  of  long  duration,  and  sincf  lamblias  were  not  considered  pathogenic,  otiier 
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organs  than  the  intestines  were  suspected  to  be  the  site  of  the  trouble.  Ten  of 
the  41  patients  were  operated  on,  and  3  of  the  other  group  of  25.  One  of  the 
10  had  carcinoma  of  the  rectum  and  was  operated  on  five  years  after  we  first 
found  the  lambhas.  One  was  operated  on  for  enlarged  spleen  which  later  turned 
out  to  be  a  lymphosarcoma.  Five  had  appendicectomies ;  4  were  not  helped ;  the 
fifth  had  had  a  history  of  several  definite  attacks  of  appendicitis,  and  was  re- 
lieved of  that  trouble.  On  2  cholecystectomies  were  done  without  relief ;  and  in 
1  the  gall  bladder  was  the  surgical  objective,  but  was  found  normal.  In  this 
case  a  pericolitis  was  considered  the  cause  of  the  trouble.  Three  other  patients 
had  surgical  diagnoses — 1  a  diagnosis  of  appendicitis,  1  of  cholecystitis,  and  1 
of  duodenal  ulcer — but  were  not  operated  on. 

Of  the  three  operations  in  the  second  group,  1  appendicectomy  gave  no  re- 
lief, 1  cholecystectomy  and  appendicectomy  gave  no  relief,  and  1  appendicectomy 
on  a  patient  with  a  history  of  ten  definite  attacks  of  appendicitis  gave  relief. 

Nine,  only,  of  the  41  patients  were  treated  in  the  clinic,  and  these  for  a 
short  time  only.  Thymol  and  methylene  blue  were  used.  Thymol,  given  in  6 
instances,  relieved  the  symptoms  temporarily,  and  removed  lamblias  from  the 
stools  in  4  cases.  However,  only  one  stool  test  was  made  after  treatment  in 
each  instance.  In  1  case  a  severe  diarrhea  was  stopped  and  the  patient  gained 
27  pounds,  but  four  months  later  the  symptoms  recurred.  In  another  case  the 
diarrhea  stopped  and  the  hemoglobin  rose  from  45  per  cent  to  68  per  cent  in 
one  month.     ]\Iethylene  blue  was  of  benefit  in  only  1  case. 

In  10  of  the  cases  in  which  amebas  were  a  complication,  treatment  con- 
sisted of  emetin,  ipecac  and  coal  oil  enemas,  the  lamblias  being  disregarded. 
Five  of  these  were  symptomatically  relieved,  though  in  1  case  there  was  a  re- 
currence in  six  weeks.  In  none  did  this  treatment  remove  the  lamblias.  In  1 
instance  in  which  both  lamblias  and  amebas  were  present,  the  patient  was  treated 
with  thymol  and  coal  oil  enemas ;  both  organisms  were  removed,  and  the  patient 
was  relieved  of  the  diarrhea. 

Thus,  it  is  likely  that  when  the  pathogenicity  of  these  parasites  has  been 
disregarded,  the  diagnosis  and  treatment  of  many  patients  has  not  been  correct; 
and  that  when  Lamblia  intestinalis  has  been  considered  the  cause  of  the  con- 
dition, and  treatment  has  been  instituted  against  it,  better  results  have  been 
obtained. 

CONCLUSIONS. 

1.  Lamblia  intestinalis  should  probably  be  considered  a  pathogenic  parasite. 

2.  A\  e  have  obtained  no  definite  syndrome  in  our  series. 

3.  The  removal  of  lamblias  is  difficult. 

4.  The  best  results  have  been  obtained  from  thymol  medication. 

TWENTY-FIVE  CASES  OF  LAMBLIA  INTESTINALIS  WITH  OTHER  COMPLICATIONS. 

Complications.  Cases. 

Endameba  histolytica  9 

Endameba  histolytica  and  active  pulmonary  tuberculosis  1 

Endameba    histolytica    and    history    of    passing    recent    tapeworm  and 

hookworm  1 

Actively  motile   ameba    (not   diagnosed)  1 

Nonmotile  ameba  2 
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Encysted  Endameba  coli  2 

Endameba  coli  2 

Ova  of  tenia  1 

Active   pulmonary   tuberculosis  4 

(1,  with  tuberculous  peritonitis) 

(1,  tubercle   bacilli    found   in    stools) 

(1.  pulmonary    symptoms    came    eighteen    months    after    aljdominal 
symptoms) 
Pernicious    ■anemia  2 
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CHLOROMA:  WITH  REPORT  OF  A  CASE^ 


)Y  R.  H.  Boots,  M.D.,  Pittsburgh,  Pa. 


IN  recent  years,  there  has  been  extensive  Hterature  presented  upon  the  group 
of  diseases  associated  with  the  blood-forming  organs.  This  has,  undoubt- 
edly, been  stimulated  by  the  confusion  of  classification  and  insufficient  knowledge 
of  their  etiological  factors.  Considerable  evidence  has  been  accumulated  to 
show  that  many  of  the  specially  named  blood  diseases  are  closely  related  to  each 
other,  even  to  such  an  extent  that  some  observers  believe  that  they  are  trans- 
mutable.  Cases  closely  simulating  the  one  recently  reported  by  \\'arfield  and 
Kristjansen  which  showed  the  transition  of  lymphosarcoma  to  acute  lymphatic 
leukemia  and  thence  to  Hodgkin's  disease  lend  much  to  this  latter  view. 

Chloroma  is  very  closely  related  to  the  acute  leukemias  and  probably  should 
be  considered  under  them.  The  term  chloroma  was  first  used  by  King  in  1853, 
when  he  applied  it  to  a  case  of  greenish  tumors  of  the  head,  coming  under  his 
observation  four  years  previously.  The  first  report  of  this  condition  is  attrib- 
uted to  Allan  Burns,  who  described  it  in  1823.  He,  however,  did  not  attempt  to 
name  the  condition.  His  case  was  one  of,  greenish  yellow  tumor  masses  occur- 
ring about  the  bones  of  the  head.  Dock  reported  the  seventeenth  case  to  which 
reference  is  found  in  the  literature  in  1893  and  briefly  reviewed  the  sixteen 
previous  cases.  Since  then,  sixty-nine  cases,  classified  as  chloromata,  have  been 
reported. 

From  the  cases  which  have  been  described  it  would  seem  that  the  term  i~ 
not  entirely  appropriate  if  the  condition  is  to  be  regarded  as  a  separate  patho- 
logical entity,  inasmuch  as  cases  have  occurred  in  which  all  of  the  clinical  and 
pathological    features   ascribed  to   chloroma   have   been  present   except   for   the 
green  color,  and  others  where  only  some  of  the  nodules,  glands  or  blood  clot- 
showed  the  green  color  at  autopsy.     ^'Nonchloromatous  leukemia"'  has  at  time- 
been  applied  to  the  former  type  of  cases,  but  it  also  would  appear  to  be  a  mis- 
nomer.    Sternberg,  in  his  classification  of  the  diseases  of  the  hematopoietic  or-[ 
gans,  describes  under  hyperplasia  of  lymphoid  tissues  with  leukemic  blood  and  I 
having   tumors   originating   in    various   situations    and    invading    tissues,   leuko- 
sarcoma.     li  the  tumor  masses  of  such  a  condition  are  of  green  color,  the  name 
chloroleukosarcoma   is   applied.      Likewise   such   a   condition   with   leukemia   of 
myelogenous  origin  is  named   chloromyelosarcoma.     These   terms   seem   appro- 
priate if  they  are  used  to  describe  a  form  of  acute  leukemia  with  an  origin  in 
the  bone  marrow,  in  which  the  cells  are  so  malignant  in  type  as  to  erode  tin 
bones  to  form  tumor  masses  upon  their  surfaces,  some  or  all  of  these  masse- 
presenting  a  greenish  color.     In  most  of  the  "cases  described  as  chloroma  pre 
vious  to  that  of  Klein  and  Steinhaus,  reported  in  1904,  the  cell  type  was  though 
to  be  of  lymphocytic  origin  and  the  condition  was  classified  by  various  writer 
as  a   form  of  lymphatic  leukemia,   lymphosarcoma   or  a   transitional   stage  be 
tween  them.     Since  then,  however,  the  majority  of  authors  have  classified  th 
cell  as  of  myelogenous  origin  and  the  condition  as  a  form  of  acute  myelogenov 
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leukemia.  Both  Treadgold  and  Burgess  convey  the  idea  that  it  is  probably  al- 
ways of  myelogenous  origin.  The  increase  in  the  proportion  of  reported  cases 
of  myelogenous  origin  is  probably  due,  as  suggested  by  Burgess,  to  the  more 
thorough  examination  of  the  cells  both  morphologically  and  biologically,  as  by 
the  oxydase  reaction,  which  he  thinks  has  shown  that  certain  of  the  cases  for- 
merly classed  as  acute  lymphatic  leukemia  must  be  considered  as  myelogenous. 
Forman  and  \\'arren  recently  reported  a  case  of  myeloma,  many  of  the  cells  of 
which,  by  ordinary  staining  methods,  seemed  to  be  plasma  cells.  The  cells, 
however,  contained  oxydase  granules,  showing  them  to  be  of  the  myelogenous 
series.  Without  such  examination  this  case  probably  would  have  been  called 
plasmoma. 

That  the  condition  is  always  due  to  a  primary  involvement  of  the  bone 
marrow  is  shown  by  the  fact  that  in  practically  all  cases  in  which  the  bone 
marrow  was  examined  it  was  found  altered ;  that  the  location  of  the  tumor 
masses  attached  to  the  bones  is  always  found  in  the  short  bones  and  those  of  the 
skull,  in  the  marrow  of  which  the  hematopoietic  function  is  still  active ;  that  the 
cells  '^'vidently  have  grown  directly  through  the  bones  to  form  the  masses,  as 
the  surfaces  of  the  bones  are  eroded  and  the  masses  fairly  well  attached ;  and 
that  the  cells  in  a  number  of  cases  have  been  definitely  proved  to  be  myeloblasts 
and  myelocytes  since  their  protoplasm  either  showed  granules  by  differential 
staining  methods  or  oxydase  granules  upon  application  of  the  oxydase  reaction. 

The  blood  picture  of  an  acute  leukemia,  concomitant  with  chloroma  shows 
the  same  type  of  cell  which  is  predominant  in  the  green  tumor,  as  well  as  in 
sections  of  the  bone  marrow.  Burgess  states  that  the  highest  leucocyte  count 
was  1,880,000  per  cubic  mm.  In  a  few  cases  no  increase  of  white  blood  cells 
was  noted  and  for  these  forms  the  term  "aleukemic  chloroma"  or  "chloromatous 
pseudoleukemia"  was  suggested.  However,  there  is  not  sufficient  evidence  to 
introduce  this  terminology  as  indicating  a  distinct  type  of  disease. 

Although  the  terminology*  is  confusing,  it  would  seem  that  when  the  term 
chloroma  is  used,  a  type  of  leukemia  is  referred  to  in  which  there  is  the  forma- 
tion of  green  masses  of  immature  white  blood  cells.  The  leukemia  is  probably 
always  myelogenous  in  character  and  is  due  to  a  primar}-  hyperplasia  of  the  red 
bone  marrow.  The  marrow  cells  develop  to  such  a  degree  that  they  erode  and 
grow  through  the  bone  to  form  green  tumor  masses  upon  its  surface,  as  well  as 
evidence  metastatic  power  to  enter  the  blood  stream  and  lodge  in  distant  or- 
gans, where  they  may  multiply.  Some  or  all  of  the  cell  collections,  whether 
seen  as  tumors  upon  the  surface's  of  certain  bones,  as  nodules  in  the  organs.  i»r 
occurring  in  the  blood  clots,  bone  marrow  or  glands,  may  show  the  greenish 
color  at  autopsy.  Treadgold  says,  "Since  it  is  usual  in  chloroma  for  a  varying 
proportion  of  the  lesions  to  show  no  green  color,  it  is  theoretically  possibfe  to 
get  a  fairly  acute  type  of  myeloblastic  leukemia,  bearing  a  general  resemblance 
to  chloroma,  but  without  the  green  lesions." 

'I'he  clinical  and  pathological  features  of  most  of  the  cases  are  similar.  It 
occurs  more  frequently  in  children,  particularly  males.  When  not  occurring 
in  children,  the  most  frequent  age  incidence  is  after  the  fourth  decade.  The 
patient  generally  complains  of  weakness,  anemia,  pain  due  to  pressure  of  tumor- 
ous masses,  and  a  tendency  to  hemorrhage.     Exoplitlialmos  is  fre(|uent,  ilue  to 
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green  tumor  formation  in  the  orbital  fossae.  The  disease  runs  an  acute  course 
from  weeks  to  months  and  so  far  as  known  is  invariably  fatal.  Leukemia  is 
present.  At  necropsy,  the  chief  findings  are  flattened  greenish  tumors  over  the 
inner  surface  of  the  bones  of  the  head,  vertebrae,  sternum,  or  ribs.  The  bony 
surface  beneath  is  eroded  and  to  it  the  tumor  is  attached.  The  marrow  spaces 
are  increased  in  size  and  the  bony  trabeculse  rarefied.  Tumor  nodules  may  be 
found  in  the  various  organs  and  some  of  the  blood  clots  may  have  the  green- 
ish color.  An  absolute  diagnosis  cannot  be  made,  except  by  encountering  the 
green  color  in  the  tissues.  This  has  been  done  in  several  cases  during  life  by 
finding  the  presence  of  green  nodules  subcutaneously.  Attempts  to  diagnose  by 
the  symptoms  and  location  of  masses  is  only  conjecture  as  the  same  may  occur 
in  acute  leukemia,  lymphosarcoma  and  myeloma.  The  diagnosis  was  made  in 
a  case  reported  by  Butler  upon  the  following  points;  age  11  years,  acute 
leukemia,  exophthalmos  and  right-sided  deafness.  The  exophthalmos  in  this 
case,  contrary  to  expectation,  was  found  not  due  to  the  size  of  the  orbital  tumor 
mass  but  to  vascular  engorgement.  This  shows  how  easy  it  is  for  one  to  err  in 
the  diagnosis  of  certain  manifestations. 

While  the  report  of  the  two  cases  by  Gould  and  Le  Wald  is  noteworthy, 
yet  in  the  absence  of  autopsies  and  definite  leukemia,  their  classification  as 
chloroma  is  uncertain.  Their  diagnosis  before  death  was  made  upon  age  (chil- 
dren), exophthalmos,  periosteal  and  medullary  changes  of  the  bones,  glandular 
enlargement,  and  microscopical  picture  of  glands  removed  from  the  neck.  No 
leukemia  was  present  in  the  first  case  and  the  white  blood  count  in  the  second 
case  was  only  16,500.  Such  a  count  could  be  present  in  lymphosarcoma  or  many 
infections. 

The  following  case  was  under  the  service  of  Dr.  J.  A.  Lichty  to  whom  I 
am  indebted  for  the  clinical  notes : 

The  patient,  an  adult  male,  age  36  years,  was  admitted  to  the  Mercy  Hospital,  Novem- 
ber 16,  1915.  He  complained  of  weakness  and  pain  in  the  right  chest  and  beneath  the  sternum. 
His  family  history  was  negative.  There  was  previous  history  of  measles,  mumps,  whooping 
cough,  diphtheria,  typhoid  fever,  malaria,  lues  and  Neisser  infection.  His  luetic  infection 
had  occurred  seven  years  previously  and  for  one  year  he  had  received  mercury  by  mouth  and 
inunctions.  Cardiorespiratory  and  digestive  systems  were  negative.  On  admission,  physical 
examination  showed  a  well  developed  male,  not  acutely  ill.  A  moderate  amount  of  anemia 
was  present.  The  pupils  were  equal,  regular  in  outline,  symmetrical  and  reacted  to  light  and 
accommodation.  No  exophthalmos  or  other  ocular  signs.  Some  purulent  exudate  was  present 
over  the  left  tonsil.  Very  little  glandular  enlargement  present.  The  thorax  showed  a  dis- 
tinct depression  over  the  right  apex  and  subclavicular  region  and  very  little  rotation  of  ribs 
of  the  right  side  on  respiration.  The  percussion  note  over  the  right  apex,  right  subclavicular 
region,  and  region  lateral  and  inferior  to  the  right  scapula  was  impaired.  No  ascites.  The 
liver  was  palpable  at  the  costal  margin.  The  spleen  seemed  enlarged  to  percussion  but  not 
palpable..   Wassermann  reaction  for  lues  was  negative. 

HEMATOLOGICAL  EXAMINATION. 
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Blood  Smears. — The  blood  smears  were  stained  by  Wright's  method.  The  white  blood 
cells  were  greatly  increased  in  relative  proportion  to  the  red  blood  cells.  A  number  of 
nucleated  reds  were  observed.  The  leucocytes  varied  in  size  from  8  to  21  jn  in  diameter. 
All  of  these  cells,  even  the  forms  appearing  as  small  lymphocytes,  were  pale  staining. 
Sometimes  the  nuclei  of  the  small  lymphocytes  showed  vacuolation,  often  giving  a  rosette 
arrangement.  The  large  mononuclear  forms  classified  as  myeloblasts  were  round  or  oval 
and  had  very  pale,  large,  single  nuclei,  which  occupied  the  greater  portion  of  the  cell 
so  that  only  a  relatively  small  rim  of  cytoplasm  appeared  at  the  periphery.  The  nuclei 
did  not  appear  reticulated.  The  cytoplasm  was  faintly  basophilic  and  slightly  darker  in 
staining  quality  than  the  nuclei.  At  the  time  when  these  smears  were  made  there  was  no  men- 
tion of  specific  granules  in  these  cells.  It  is  probable,  however,  that  they  were  somewhat 
different  from  true  myeloblasts,  as  a  new  examination  of  the  smears  one  year  later  showed 
the  presence  of  a  small  percentage  of  both  eosinophilic  and  basophilic  myelocytes.  The 
granules  of  the  polymorphonuclear  leucocytes  were  very  faint  and  could  not  be  made 
out  with  the  stain  (Wright's)  used.  Possibly  with  better  staining  methods  for  granules 
these  could  have  been  demonstrated  in  some  of  the  cells  termed  myeloblasts.  Polymorpho- 
nuclear leucocytes  were  few  in  number.  During  life  no  examination  was  made  for  oxydase 
granules  in  the  cells  of  fresh  blood  films.  This  was,  attempted  some  time  after  death,  but 
the  films  were  too  old  to  demonstrate  the  reaction. 

The  clinical  diagnosis  was  "myeloblastic  leukemia."  The  patient  died  three  weeks 
after  admission  to  the  hospital.  During  this  time  the  white  blood  count  as  shown  above 
increased  gradually  from  53,000  to  320,000  cells  per  cubic  mm.  An  autops}''  was  performed 
4  hours  after  death  by  Drs.  W.  W.  G.  Maclachlan  and  J.  W.  Fredette. 

AUTOPSY. 

The  body  was  that  of  an  adult  male  measuring  160  cm.  in  length.  The  body  was 
fairly  well  developed,  but  poorly  nourished.  The  skin  surfaces  were  very  pale.  There 
was  no  rigor  mortis  and  only  slight  lividity  on  the  dependent  parts.  The  pupils  were  equal 
and  moderate  in  size.  Scattered  over  both  arms,  upper  left  thorax  and  abdomen,  were  a 
number  of  tiny  petechial  hemorrhages.  The  thorax  was  well  formed.  The  abdomen  was 
slightly  flattened.  There  were  no  scars  on  the  penis.  The  anus  was  normal.  There  was 
slight  edema  of  the  ankles. 

Thorax. — On  both  sides  there  were  some  fibrous  adhesions  over  the  posterior  sur- 
face of  the  lungs  and  also  at  the  apices.  About  100  c.c.  of  clear  straw-colored  fluid  was 
present  in  each  pleural  sac.  The  pericardial  sac  contained  a  clear  straw-colored  fluid  in 
a  quantity  of  about  100  c.c.  In  the  fat  over  the  pericardium  were  a  number  of  petechial 
hemorrhages.  An  occasional  hemorrhage  was  also  noted  on  the  parietal  and  visceral 
pericardium.  Lying  opposite  the  left  apex  of  the  lung  beneath  the  parietal  pleura  and  over 
the  inner  surface  of  the  ribs  and  also  on  the  bodies  of  the  thoracic  vertebrae  there  was 
a  thick,  quite  green,  firm,  smooth  tissue,  forming  a  layer,  which,  although  well  attached 
to  the  bony  structures  underneath,  could  be  peeled  away  leaving  evidences  of  an  eroded 
underlying  bone.  This  tissue  when  removed  measured  5x4x1.3  cm.  Its  pleural  surface 
adjacent  to  the  lung  showed  carbon  pigmentation  to  a  very  marked  degree,  otherwise  it 
was  green.  On  section,  the  cut  surface  had  a  glassy,  smooth  appearance.  There  were 
some  fibrous  tags  running  between  this  tissue  and  the  apex  of  the  lung.  The  green  color 
faded  gradually  after  the  removal  of  the  tissue.  .The  pleura  covering  the  ribs  showed 
many  tiny  petechial  hemorrhages. 

Left  Lung. — Weight  630  gm.  The  posterior  surface  and  the  apex  of  the  upper  lobe 
showed  a  few  dense  fibrous  adhesions.  The  lung  was  quite  black  in  color  showing  much 
anthracosis.  It  felt  moderately  firm  but  crepitated  in  most  places.  Section  through  the 
lower  lobe  showed  a  cut  surface,  fairly  dry,  of  grayish  pink  color,  and  with  very  promi- 
nent nodules  of  anthracotic  pigment.  The  upper  lobe  was  a  littlei  lighter  in  color  and  some- 
what moister.  At  the  apex,  opposite  the  fibrous  adhesions,  was  a  small  area  of  fibrosis 
in  the  lung  substance.  There  was  no  calcification  nor  caseation  noted  here.  The  bronchi 
were  free.  The  peribronchial  glands  showed  marked  anthracosis,  but  no  evidence  of 
tuberculosis. 

Right  Lung. — ^Weight  800  gm.  There  were  some  fibrous  adhesions  over  the  posterior 
portion  of  the  lower  lobe  and  on  the  diaphragmatic  surface.  The  lung  felt  firm  but 
crepitated  in  most  places.  The  lower  lobe,  on  section,  showed  a  somewhat  moist  pinkish 
gray  surface,  glassy  throughout,  with  numerous  nodular  areas  of  anthracosis.  Petechial 
hemorrhages  were  also  seen  in  the  lung  substance.  There  was  no  consolidation.  The 
upper  lobe  showed  the   same  characters,   and   fluid  could   be   expressed    from   its   substance. 
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The  edema  in  this  lobe  was  more  marked  than  in  the  other  lobes  or  in  the  other 
lung.     The  bronchi  showed  much  froth}'  fluid  but  their  lining  was  not  congested. 

Heart. — Weight  415  gm.  The  heart  contained  a  large  quantity  of  soft  chicken  fat  dot  of 
a  more  gray  color  than  that  usually  seen.  This  clot  was  present  in  all  chambers  of  the  heart. 
The  heart  valves  had  very  little  noticeable  change.  The  mitral  valve  showed  a  slight  amount 
of  fibrous  thickening.  Scattered  over  the  surface  of  the  heart  were  petechial  hemorrhages. 
Shining  tlirough  the  pericardium,  over  the  ventricles,  one  could  distinctly  discern  yellow  fatty 
stippling  in  the  heart  muscle.  When  the  heart  was  opened  this  stippling  was  beautifully  seen 
shining  through  the  endocardium,  particularly  in  the  papillary  muscles  and  columns;  carnse. 
The  myocardium  was  pale  yellow  in  color.  On  section  through  the  myocardium  of  the  left 
ventricle  the  diffuse  yellow  stippling  was  well  brought  out.  The  muscle  was  of  fair  con- 
sistency. The  F.  O.  was  closed.  There  was  no  evidence  of  fatty  change  in  the  endo- 
cardium, but  petechial  hemorrhages  were  particularly  noticeable  under  and  in  the  endo- 
cardium of  tlie  auricles.  The  coronary  arteries  showed  patent  lumina  with  no  diminution 
in  size  or  change  in  the  lining.  The  aorta  was  thin  and  elastic,  and  showed  but  little  yellow 
intimal  change. 

Abdomen. — The  fatty  layer  was  well  marked  and  of  a  pale  yellow  color.  The  recti 
muscles  were  bright  red  and  quite  thick.  The  great  omentum  was  fatty  and  covered  the 
upper  coils  of  the  small  intestine.  The  intestines  were  somewhat  collapsed.  There  was 
no  fluid  in  the  abdominal  cavit3^  The  appendix  was  small  showing  a  slight  constriction 
about  the  middle  due  to  a  band  of  fibrous  adhesions.  The  organ  lay  behind  the  lower  end 
of  the  cecum  and  pointed  upwards.  The  mesenteric  glands  were  not  enlarged.  Some 
were  slightly  reddened,  suggestive  of  the  hemolymph  gland  type.  Throughout  the  mesen- 
tery were  many  tiny  petechial  hemorrhages.  The  liver  reached  to  the  costal  margin.  The 
diaphragm  arched  to  the  right  5th  rib  and  5th  space  on  the  left. 

Stomach. — The  stomach  was  of  good  size.  There  was  a  pale  smooth  healthy  looking 
lining.     The  pylorus  was  small  and  normal. 

Intestines. — The  small  intestine  showed  nothing  of  note  and  was  healthy.  The  lymph- 
oid follicles  were  not  enlarged.  There  was  a  good  deal  of  sacculation  of  the  wall  of  the 
large  bowel,  but  no  diverticula  were  noted. 

Liver. — Weight  1825  gm.  Pleasured  29x17x9  cm.  The  margin  was  sharp.  Tlie  sur- 
face was  smooth  and  shiny.  Through  it  yellowish  stippling  could  be  seen.  On  section 
the  liver  was  of  a  chocolate  color,  swollen  and  glassy.  The  outlines  of  the  lobules  were 
not  distinct.  Scattered  thickly  over  the  cut  surface  of  the  liver  was  a  fine  pinhead  sized, 
yellowish  white  stippling.  These  areas  were  not  regular  in  size.  They  appeared  to  lie  in 
the  outer  portion  of  the  lobule.  The  whole  cut  surface  was  somewhat  nutmeg  in  appear- 
ance, although  no  central  zone  of  congestion  in  the  liver  lobule  was  present.  The  liver 
surface  was  more  brownish  than  the  typical  nutmeg  type.  In  consistency  the  liver  was 
about  normal.  The  gall  bladder  was  small  and  contained  about  50  c.c.  of  tarry  bile.  The 
wall  was  thin  and  pigmented  by  bile  on  its  inner  surface. 

Pancreas. — Measured  19x3x2  cm.  The  organ  was  firm.  The  cut  surface  showed 
grayish  lobules  which  were  normal. 

Spleen. — Weight  190  gm.  Measured  13x8.5x3.5  cm.  The  notches  were  quite  distinct 
and  the  capsule  appeared  a  little  wrinkled  and  was  covered  by  a  geographical  mottling  of 
white  lines  suggesting  lymphatic  vessels.  On  section  through  the  spleen,  the  organ  ap- 
peared fairly  firm,  and  little  substance  could  be  scraped  off  with  the  knife.  The  cut  sur- 
face showed  very  prominent  Malpighian  tufts.  The  trabeculse  were  but  little  evident.  At 
two  points  a  slightly  darker  spleen  substance  was  observed.  These  areas  were  roughly 
triangular,  but  not  clearly  outlined.  They  were  not  suggestive  of  true  infarction.  In 
size  these  two  areas  were  1  cm.  across,  the  base  and  1.5  cm.  in  depth. 

Left  Kidney. — Weight  235  gm.  Measured  12x7x5  cm.  The  capsule  peeled  readily 
leaving  a  slightly  granular  and  extremely  pale  cortex.  In  the  capsule  there  were  a  few 
petechial  hemorrhages.  On  the  cortex  there  was  a  stippling  of  congested  vessels.  Scattered 
over  the  surface  of  the  cortex  were  ii  number  (about  12)  of  round  slightly  raised  bodies 
2  mm.  in  diameter.  On  section  through  these  bodies  they  were  seen  to  extend  into  the 
cortex  about  2  mm.  They  had  a  light  green  color,  were  perfectly  smooth,  clearly  out- 
lined, and  of  the  consistency  of  the  cortex  of  the  kidney.  On  section  through  the  kidney 
the  cut  surface  presented  marked  pallor,  decided  swelling  of  the  cortex,  and  an  indefinite 
marking.  The  glomeruli  were  poorly  shown.  In  the  deep  cortex  several  green  nodules 
similar  to  those  described  on  the  surface  were  to  be  seen.  There  was  also  some  diffuse, 
whitish  streaking  and  stippling  which  g-ave  the  cortex  a  rather  granular  appearance.     The 
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fine  capillaries  of  the  cortex  stood  out  prominently.  About  the  pelvis  there  was  consider- 
able  fat.     The  pelvis  and  ureters  were  healthy. 

Right  Kidney.— Weight  200  gm.  Measured  5x5x3  cm.  The  capsule  peeled  fairly 
readily  leaving  very  pale  cortex  with  fine  stippling  of  congested  vessels  on  the  surface. 
Similar  small  slightly  green  oval  bodies  were  noted  on  the  cortex.  The  cut  surface  of  the 
kidney  showed  the  same  appearance  as  the  left,  with  pale,  swollen  cortex  and  indistinct 
marking.  There  was  one  more  decided  green  nodule  in  the  cortex  of  the  same  size  as  the 
others.  The  deep  cortex  was  similarly  thickened,  showing  yellowish  streaking  and  stip- 
pling as  seen  on  the  opposite  side.  The  pelvis  and  ureters  appeared  free.  There  was  a 
moderate  amount  of  fat  about  the  pelvis. 

Adrenals. — The  adrenals  were  of  good  size  and  showed  marked  yellow  cortical  layers 
and  small  white  medullary  portions. 

Bladder. — The  bladder  was  of  good  size.  The  wall  was  smooth  and  pale.  The  ureters 
were  patent.     The  prostate  was  small  and  pale  in  color.     The  cut  surface  was  glassy. 

Testicles. — The  testicles  were  of  normal  size.  The  cut  surface  showed  a  brown,  soft 
•character.     The  tubules  could  be  easily  pulled  out. 

Bone  Marrow. — The  bone  marrow  of  the  femur  was  pale  red  in  color  and  appeared 
very  moist.  The  color  was  darker  and  more  intense  than  the  normal  marrow.  In  the 
marrow  a  large  amount  of  cancellous  bone  tissue  was  found. 

MICROSCOPICAL  EXAMINATION. 

Green  Tumor  Mass  in  Pleura. — The  section  showed  a  very  cellular  structure.  The 
stroma  was  loose  and  appeared  in  most  places  as  a  fine  reticulum.  In  other  places  it  was 
denser  and  showed  numerous  collagen  fibers.  The  only  blood  vessels  seen  in  this  stroma 
were  capillaries.  The  predominant  cell  was  rather  large,  about  12  micra  in  diameter,  and 
mononuclear.  The  shape  was  round  or  slightly  oval.  The  cytoplasm  (stained  with  eosin 
and  methylene  blue)  was  neutrophilic  and  contained  no  specific  granules.  However,  with 
higher  magnification  the  cytoplasm  was  seen  to  have  a  ground  glass  appearance.  A  cell 
membrane  was  present.  This  cell  had  a  large  round,  oval  or  sometimes  irregular  nucleus, 
vesicular  in  character,  with  a  definite  nuclear  memljrane  and  rather  scattered,  coarse, 
•deeply  staining  chromatin  granules  or  masses.  Exclusive  of  these  scattered  chromatin 
masses,  the  nucleus  was  pale.  Cells  with  smaller  deeply  staining  nuclei  and  a  relatively 
great  abundance  of  neutrophilic  cytoplasm  were  rather  common.  There  was  also  present 
a  number  of  polymorphonuclear  leucocytes  and  eosinophilic  and  basophilic  myelocytes. 
Very  few  typical  lymphocytes  were  seen.  Clear  nuclear  division  was  not  seen,  but  bi- 
nucleated  forms  were  present.  One  of  the  sections  showed  the  tumor  cells  to  have  en- 
tirely surrounded  several  large  nerves.  Fat  globules  lay  between  the  tumor  cells  in  many 
places.  Another  section  of  the  tumor  showed  the  cells  to  have  surrounded  a  spinal  ganglion. 
Some  of  the  cells  had  invaded  the  substance  of  the  ganglion. 

Bone  Marrozv.- — Section  of  the  bone  marrow  showed  a  moderate  congestion  and  a 
slight  amount  of  marrow  fat.  The  bone  marrow  cells  were  nearly  all  of  the  types  described 
in  the  section  of  the  tumor.     About  one  per  cent  of  the  cells  were  lymphocytes. 

Lung. — The  section  showed  a  deposit  of  granular  precipitate  throughout  the  alveoli 
associated  with  considerable  red  cell  infiltration.  Some  of  the  alveoli  contained  fibrin. 
The  walls  of  the  alveoli  were  thickened,  due  to  the  dilated  blood  capillaries  filled  with 
tumor  cells  lying  in  the  alveoli  and  surrounded  by  masses  df  fibrin  and  red  blood  cells. 
A  moderate  number  of  polymorphonuclear  leucocytes  were  also  noted.  There  was  con- 
siderable anthracotic  pigment  about  the  vessels  and  bronchi.  One  of  the  large  pulmonary 
vessels  contained  thrombi,  made  up  of  tumor  cells,  blood  and  fibrin.  Occasionally,  endo- 
thelial cells  containing  anthracotic  granules  were  seen  lying  bchiiul  the  alveoli.  The 
tumor  cells  seen  in  the  blood  vessels,  when  stnined  with  iicmatoxylin  and  cosin,  bad  much 
the  appearance  of  plasma  cells. 

Heart. — The  section  showed  a  rallur  loose,  SDUiewliat  cdcnKitous  interstitial  tissue, 
which  caused  a  moderate  separation  of  tlie  muscle  fibers.  'I'lie  fillers  were  not  very  clear 
in  their  staining.  Their  transverse  .'^triations  were  not  well  seen,  though  the  longitudinal 
ones  were  much  better  brought  out.  The  nuclei  were  clear.  There  was  very  little  pig- 
ment aljout  the  nuclei.  The  muscle  fibers  further  had  a  finely  granular,  vacuohited  ap- 
pearance. There  was  no  cellular  infiltration  i)resenl,  but  in  the  capillaries  an  uinisual  num- 
ber of  cells  were  seen  which  were  similar  to  those  seen  in   the  Mood   siuear^^. 

hirer. — Section    of    the    liver    showe<l    some    congestion.      The    general    outline    ol    the 


628  THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

liver  lobules  was  a  little  altered  by  the  presence  of  large  areas  of  necrosis.  These  necroses 
lay  mostly  in  the  central  zone,  although  many  reached  into  the  more  peripheral  parts  of 
the  lobule.  In  the  necrotic  areas,  there  was  an  infiltration  of  cells  similar  to  the  type  of 
cells  seen  in  the  tumor.  A  few  polymorphonuclear  leucocytic  cells  were  seen.  An  infiltra- 
tion of  the  tumor  cells  was  also  seen  around  the  portal  systems.  Under  high  magnification, 
the  indistinct  shells  of  the  liver  cells  could  be  still  made  out.  In  other  portions  of  the 
section,  liver  cells  of  the  central  zone  appeared  very  watery,  showing  but  a  cell  mem- 
brane and  nucleus.  The  rest  of  the  liver  tissue,  particularly  the  peripheral  zone,  was 
relatively  healthy,  although  the  cells  were  swollen  and  granular.  Much  bile  pigment  was 
present  in,  the  liver  cells  throughout.  The  sinusoids  were  dilated  and  filled  with  granular 
precipitate.  The  bile  capillaries  were  also  dilated.  In  the  sinusoids  were  many  tumor 
cell  elements  of  the  usual  type.  Lymphoid  cells  were  also  seen  in  moderate  numbers  about 
the  portal  systems.     Fat  vacuoles  were  numerous  in  the  central  zones  of  the  lobules. 

Spleen. — The  section  of  the  spleen  showed  no  congestion.  The  follicles  were  clear 
in  outline.  The  trabeculse  were  not  large  or  numerous.  In  some  of  the  follicles,  masses 
of  hyaline  were  to  be  observed.  The  sinuses  were  packed  with  mononuclear  cells,  similar 
to  those  of  the  green  tumor  mass.  Through  the  section  much  blood  pigment  was  noted 
within  the  endothelial  cells.  A  hyaline  change  was  observed  in  the  walls  of  many  of 
the  vessels.  The  pulp  was  filled  with  cells  similar  in  type  to  those  found  in  the  blood 
stream  elsewliere,  and  also  to  those  noted  in  the  tumor  mass.  The  polymorphonuclear 
leucocytes  were  few  in  number.  The  stroma  in  the  spleen  was  not  increased.  In  one 
portion  of  another  section  -of  the  spleen  was  seen  a  large  area  surrounded  by  fibrous 
tissue.  In  the  center  of  this  area,  there  was  a  homogeneous  pale  blue  staining  material. 
Surrounding  the  area  of  fibrosis,  there  was  a  rather  thick  wall  of  tumor  cells. 

Kidney. — The  section  of  the  kidney  was  taken  through  one  of  the  green  nodules. 
There  was  also  a  good  deal  of  uninvolved  kidney  tissue  present  in  the  section.  The  tubules 
showed  granular  looking  cells  with  a  moderate  amount  of  debris  in  the  lumen.  The  cells 
were  quite  irregular  in  outline  and  some  were  devoid  of  nuclei.  The  glomeruli  were  not 
changed,  except  in  their  capillaries,  where  a  few  abnormal  cells  were  seen.  In  the  capil- 
laries of  the  interstitial  tissue,  tumor  cells  were  numerous.  The  green  nodule  was  seen 
to  be  a  mass  of  tumor  cells,  which,  in  the  center,  had  entirely  replaced  the  tubular  struc- 
ture, while  towards  the  periphery  the  necrotic  remains  of  tubules  were  still  to  be  seen. 
Near  the  outer  margin  of  the  tumor  mass,  the  tubules  were  separated,  but  still  living. 
The  outline  of  the  tumor  nodule  was  fairly  regular  and  quite  devoid  of  any  capsule,  while 
the  kidney  tissue  adjacent  appeared  normal.  The  cells  of  the  nodule  were  the  same  as  those 
noted,  in  the  tumor  elsewhere.  Another  section  of  the  kidney  showed  a  little  connective 
tissue  increase  following  the  course  of  the  blood  vessels.  An  occasional  glomerulus  was 
fibrosed. 

Sections  of  the  pancreas,  prostate  and  adrenal  showed  normal  characters. 

Postmortem  Bacteriology.- — Cultures  of  the  heart  blood  showed  streptococcus  pyogenes. 

Oxydase  Reaction. — Examination  for  oxydase  granules  by  the  Schultz  method  was 
made  with  the  tissues  one  year  after  death.  No  oxydase  granules  were  seen  by  this  method 
due  to  the  age  of  the  materials.  However,  with  Graham's  method,  which  will  stain  the 
granules  after  a  long  period  of  time  has  elapsed,  the  majority  of  the  tumor  cells  gave  a 
positive  oxydase  reaction. 

Anatomical  Diagnosis. — Chloroma ;  myeloblastic  leukemia ;  hyperplasia  of  bone  mar- 
row; chloroma  of  ribs,  vertebrae,  pleura  and  kidney;  fatty  degeneration  of  heart  and 
liver;  old  bilateral  pleural  adhesions;  petechial  hemorrhages  of  skin,  pleura,  pericardium, 
endocardium,  heart,  mesentery,  and  lung;  fibrosis  of  lung  (right  apex)  ;  anthracosis  of 
lung;  central  necrosis  of  liver;  edema  of  liver;  enlarged  spleen   (slight). 

Resume  of  Case. — The  patient  was  a  man  of  2)6  years,  complaining  of  weakness  and 
pain  in  the  chest.  He  had  no  exophthalmos,  or  glandular  enlargement.  Repeated  exam- 
ination of  the  blood  showed  a  progressive  leukemia.  Clinical  diagnosis  was  myeloblastic 
leukemia.  At  autopsy  there  w:as  found  a  greenish  tumor  mass  attached  to  the  inner  sur- 
face of  the  ribs  and  bodies  of  the  vertebrae  which  when  peeled  out  left  evidence  of  erosion 
of  the  underlying  bone.  Green  nodules  were  found  in  the  cortex  of  the  kidney.  The  bone 
marrow  of  the  femur  was  hyperplastic.  Petechial  hemorrhages  were  present  in  the  skin 
over  the  arms,  thorax,  and  abdomen,  beneath  the  pericardium  and  endocardium,  in  the 
lung,  mesentery,  and  kidney  capsule.  The  predominant  cells  of  the  blood  were  similar 
to  those  of  the  bone  marrow  and  of  the  green  tumors.  Oxj-dase  granules  were  present 
in  these  predominant  cells  showing  them  to  be  of  mj^elogenous  origin. 
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DISCUSSION. 

The  study  of  this  case  contributes  nothing  to  the  etiolog>-  of  the  condition. 
As  with  other  tumors,  nothing  is  known  of  the  causative  factor.  The  presence 
of  streptococcus  pyogenes  in  the  heart  blood  at  autopsy  is  indicative  of  a  ter- 
minal infection  coincident  with  the  low  bodily  resistance  present  just  before 
death  and  has  no  etiological  bearing.  Sternberg  cites  eleven  cases  of  acute 
myeloblastic  leukemia,  nine  of  which  showed  organisms  either  in  the  spleen, 
heart  blood,  or  bone  marrow.  Seven  of  these  cases  showed  streptococci,  six 
times  alone  and  once  combined  with  staphylococcus  aureus ;  one  showed 
staphylococcus  aureus  alone  and  one  staphylococcus  aureus  with  streptococcus 
and  influenza  bacilli.  He  concluded  that  leukemic  blood  could  be  obtained  in 
various  diseases  and  that  many  cases  which  had  been  diagnosed  as  leukemia 
were  but  the  reactions  of  the  blood-forming  organs  to  the  original  infections, 
and  that  the  above  cases  of  "so-called  acute  myelogenous  leukemia"  were  noth- 
ing other  than  acute  general  infections  which  proceeded  with  myelogenous  and 
myeloid  metaplasia  and  were  to  be  differentiated  from  the  true  and  genuine 
leukemias.  He  offered  this  in  explanation  why  some  of  the  so-called  "acute 
leukemias'*  can  be  cured  while  the  true  leukemias  always  have  a  fatal  ending. 
But  when  it  is  considered  that  Strauch,  in  a  series  of  two  thousand  postmortem 
blood  cultures  found  an  organism  in  50.1  per  cent  of  the  cases  and  Fredette  in 
one  hundred  and  nineteen  blood  cultures  taken  immediately  after  death  found 
organisms  in  one-third  of  the  cases,  it  is  quite  probable  that  some  of  Stem- 
berg's  infections  were  terminal  ones  and  were  not  the  cause  of  the  leukemic 
blood  pictures.  Rother  found  the  same  blood  picture  in  a  case  of  acute  miliary 
tuberculosis  as  in  myelogenous  leukemia,  but  there  is  no  way  by  which  we  can 

1  exclude  a  myelogenous  leukemia  as  being  coexistent  with  the  acute  miliary  tu- 
berculosis. Gans  also  recognized  a  similarity  sometimes  existing  between  the 
blood  picture  caused  by  infectious  diseases  and  the  blood  picture  present  in 

i    spontaneous  disease  of  the  myelogenous  system. 

Although  the  case  under  discussion  occurred  in  an  adult,  the  great  major- 

j  ity  of  cases  are  seen  in  children.  This  is  sometimes  explained  as  due  to  the 
fact,  that  in  childhood  there  exists  a  relatively  greater  amount  of  red  marrow  and 

I  the  hematopoietic  organs  are  more  active.  But  why  should  not  myelogenous 
leukemia  also  occur  more  often  in  children,  if  this  is  the  cause?     The  cell  in 

i  chloroma  is  often  more  embryonal  than  that  found  in  the  ordinary  type  of  acute 
leukemia.  This,  and  the  fact  that  the  cell  appears  more  malignant  than  that  of 
acute  leukemia  may  have  something  to  do  with  its  occurrence  in  children. 

Color  of  Chloroma. — The  greenish  color  of  the  chloromatous  mass  over  the 
ribs  and  vertebrae  faded  rapidly -on  exposure  to  light  and  air.  Portions  of  this 
mass  kept  in  formalin  regained  its  greenish  color  upon  the  following  day.  when 
immersed  in  hydrogen  peroxide  solution.  After  a  period  of  one  year  in  for- 
malin, the  tissue  did  not  regain  its  former  color  after  a  like  treatment.  The 
same  occurred  with  regard  to  the  color  of  the  green  nodules  of  the  kidney.  The 
green  color  did  not  go  into  solution  in  either  the  formalin  or  the  Zenker's  solu- 
tions in  which  tissue  was  preserved.  Nearly  all  observers  noted  the  rapid  fad- 
ing of  the  color  on  exposure  to  light  and  air,  and  that  the  color  cannot  bo 
preserved  bv  means  of  clicmical  solutions,  nor  can  it  be  recovered  by  ordinar}' 
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aqueous  solvents.  Exceptions,  however,  are  found  to  these  usual  findings. 
Dock  and  W'arthin  in  their  case  1 1904)  noticed  a  temporary  increase  in  the 
depth  of  color  after  the  removal  of  the  tissue.  Alt  found  that  the  tissues  in  his 
case  retained  their  dark  green  color  in  formol  solution  and  the  fluid  itself  was 
a  dirty  green  color.  Risel  reported  that  the  color  was  not  preserved  in  Kaiser- 
ling's  solution.  Burgess  observed  that  tissue  preserved  in  10  per  cent  formalin 
for  three  years  regained  its  former  color  in  hydrogen  peroxide  and  that  in  one 
instance  the  color  was  preserved  several  weeks  in  a  strong  solution  of  sodium 
bicarbonate,  and  to  a  ver)-  slight  degree  in  certain  of  the  tissues  fixed  in  for- 
malin and  in  Kaiserling's  solution.  Potassium  hydroxide  restored  the  color 
slightly  to  formalin  treated  tissue.  Walls  and  Goldsmith  say  that  the  color  in 
their  case  persisted  in  Kaiserling's  solution  for  four  and  one-half  years.  Ayers 
found  that  on  placing  the  green  tumor  in  alcohol,  the  color  disappeared  entirely 
within  twenty-four  hours,  but  a  specimen  kept  within  a  corked  bottle  retained 
its  greenish  color.  The  bone  marrow  of  the  tibia  in  this  case  showed  a  redder 
marrow  than  is  usually  present.  The  character  of  the  tissue  of  the  ribs  and 
vertebrse,  where  one  would  expect  more  change  present,  was  not  examined. 
Burgess  thought  the  redness  of  the  bone  marrow  in  his  case  was  due  to  conges- 
tion of  the  capillaries.  About  seven  cases  have  been  reported  which  showed 
green  marrow  in  some  of  the  bones. 

Various  theories  have  been  offered  for  the  green  color.  The  variety  of  the 
color  reactions  reported  has  led  some  observers  to  the  opinion  that  it  is  not  al- 
ways due  to  the  same  pigment.  By  some  it  has  been  attributed  to  iron  or  fatty 
substances,  but  neither  of  these  has  been  demonstrated  as  the  cause.  Reynolds 
held  that  the  greenish  color  was  of  the  nature  of  a  fatty  acid  combined  with 
iron.  \\'alls  and  Goldsmith  concluded  that  the  color  was  not  due  to  a  foreign 
pigment  such  as  iron,  and  believed  that  the  consensus  of  opinion  indicates  that 
it  is  something  inherent  in  the  cells  of  the  tumor  masses,  much  the  same  as  the 
chlorophyl  of  green  plants.  Schmidt  suggests  that  the  color  might  be  due  to 
the  shape  of  the  cells.  Risel,  Lubarsch  and  Weinberger  demonstrated  that  the 
color  was  not  of  bacterial  origin.  Treadgold  found  that  the  green  color  is  not 
present  from  the  beginning,  but  that  it  makes  its  first  appearance  in  the  early 
lesions,  and,  therefore,  that  cellular  degeneration  plays  a  part  in  the  formation. 
This  degeneration  may  be  due  to  the  age  of  growth  or  facilitated  by  the  tox- 
emia. He  suggests  that  possibly  a  degeneration  of  the  granules  or  the  peri- 
granular  protoplasm  of  these  cells,  or  an  abortive  attempt  to  form  granules,  is 
the  real  source  of  the  color,  aided  by  broken  down  products  of  hemoglobin. 

Sections  of  the  green  mass  w'ere  stained  for  hemosiderin  by  Nishimura's 
modification  of  the  Perls  reaction  and  for  fat^by  Sudan  in,  but  neither  were 
found  to  be  present  in  the  chloroma  cells.  Risel  demonstrated  hemosiderin 
granules  in  the  tumor  cells,  but  did  not  ascribe  the  color  to  these.  Lubarsch 
was  unable  to  find  pigment  granules  in  either  sections  or  fresh  preparations. 
Dock  (1893)  noticed  abundant  highly  refractile  granules  in  the  cells  of  frozen 
sections.  Huber  and  Chiari  found  granules  which  they  thought  were  fatty  in 
nature.  Von  Recklinghausen  believed  the  color  to  be  of  a  parenchymatous 
^  nature  similar  to  the  color  of  old  pus.  In  the  case  of  Dock  and  Warthin  (1904) 
no  pigment  granules  were  present.     Osmic  acid  and  Sudan  iii  tests  were  nega- 
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tive.  That  the  color  is  not  a  postmortem  finding  is  proved  by  the  green  lesions 
noted  during  life.  Dock  suggested  that  "the  peculiar  color  was  simply  an  ex- 
aggeration of  the  greenish  tint  so  common  in  the  blood  clots  and  neoplasms  of 
leukemia." 

At  the  suggestion  of  Dr.  W.  \\\  G.  Maclachlan,  examination  was  made  of 
the  white  blood  cells  from  a  case  of  myelogenous  leukemia  at  the  Mercy  Hos- 
pital. The  leucocytic  count  was  1,000,000  per  cubic  mm.  Over  ninety-nine 
per  cent  of  these  cells  showed  oxydase  granules.  Blood  was  drawn  into  a  test 
tube  with  sufficient  sodium  citrate  solution  to  prevent  clotting,  and  the  test  tube 
was  corked  and  allowed  to  stand  twenty-four  hours.  When  examined  the  buiTy 
coat  of  white  blood  cells  had  a  yellow  color  with  a  faint  greenish  tint.  After 
standing  for  five  days  in  the  ice  box,  this  layer  showed  a  decided  greenish  color 
and  the  serum  also  had  a  slight  greenish  tinge.  UiDon  shaking  the  tube  and  mix- 
ing the  red  blood  cells  and  the  leucocytes,  the  greenish  color  was  entirely  oblit- 
erated by  the  red.  The  formation  of  this  distinct  greenish  color  in  the  leucocytes 
on  standing  five  days, -emphasizes  Treadgold's  theory  that  the  color  is  not  pres- 
ent from  the  beginning,  but  that  cellular  degeneration  plays  a  part.  If  this 
greenish  color  has  any  relation  to  that  of  chloroma,  one  might  expect  it  where 
myelocytes  and  myeloblasts  are  present  en  masse,  as  in  the  cellular  tumors  of 
chloroma,  which  has  but  little  stroma  and  is  practically  devoid  of  red  blood 
cells.  Chloroma  would  then  be  a  type  of  myelogenous  leukemia  where  the  myelo- 
genous cells  appeared  in  dense  collections.  However,  the  green  color  observed 
in  the  myelocytes  of  the  blood  did  not  fade  on  exposure,  nor  did  it  deepen  on 
addition  of  oxidizing  reagents.  That  these  two  greenish  colors  may  have  a  rela- 
tion seems  possible,  but  evidently  they  are  not  identical.  A  similar  examination 
was  made  of  the  blood  from  a  case  of  lymphatic  leukemia  where  ninety-five  per 
cent  of  the  cells  were  lymphocytes.  No  green  color  whatever  developed  in  the 
layer  of  white  blood  cells  in  this  case. 
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THE  THYMUS-A  SUMMARY* 


By  Paul  G.  Wooi^ley,  M.D.,  Cincinnati,  Ohio. 


AT  an  early  stage  of  development  of  the  human  embry^o,  a  series  of  pouches 
(branchial)  are  formed  in  connection  with  the  phar}'nx.  These  all  re- 
semble one  another  except  as  regards  their  size.  The  anterior  are  larger,  and 
from  them  the  primitive  tympanic  cavity  and  the  palatine  tonsils  arise.  The 
posterior  (the  third  and  fourth)  give  rise  to  the  thymus  and  the  parathyroids. 
The  thymus  in  an  early  stage  is  a  paired  organ  of  epithelial  origin,  and  in 
young  fetuses  (50  mm.)  it  appears  as  a  closed  vesicle  lined  v^ith  high  cubical 
epithelium.  During  later  growth  and  differentiation  the  small  cells  and  cell 
nests  appear,  and  cortex  and  medulla  are  formed.  In  its  mature  state  the 
thymus  has  taken  on  a  distinct  lymphoid  appearance,  its  masses  of  cells  of 
lymphoid  character  enclosing  varying  numbers  of  cell  nests  which  are  known  as 
Hassall's  corpuscles.  These  are  somewhat  similar,  in  appearance,  to  epithelial 
pearls,  which  are  the  result  of  the  concentric,  overlapping  arrangement  of  the 
flattened  epithelial  cells. 

-  That  these  corpuscular  cells  are  truly  epithelial  there  seems  to  be  no 
doubt,  but  there  is  no  general  unanimity  concerning  the  other,  so-called  thymus, 
cells.  By  some  they  are  presumed  to  be  immigrated  cells  (thymus  lymphocytes) ; 
by  others,  more  especially  by  Stohr,^  they  are  looked  upon  as  modified  epithelial 
cells.  Comparative  and  theoretic  considerations  undoubtedly  speak  in  favor  of 
their  epithelial  nature.^  If  this,  be  true,  that  the  thymus  is  permanently  a  true 
epithelial  organ,  then  the  typical  tumors  which  originate  in  the  thymus  are  in- 
deed anomalous,  for  they  have  distinctly  sarcomatous  characteristics.  Yet  there 
are  certain  biologic  facts  that  seem  to  speak  for  the  lymphoid  nature  of  the 
thymus  cells.  One  of  the  effects  of  the  action  of  the  roentgen  rays  upon  the 
thymus  is  disintegration  of  the  lymphocyte-like  cells  of  the  organ.  During  this 
process,  lymphocytolytic  substances  are  produced  which,  if  injected  into  other 
animals  (peritoneally),  result  in  lysis  of  the  lymphocytes  in  the  appendix  and 
mesenteric  lymph  nodes. ^ 

The  thymus,  beginning  its  active  growth  before  birth,  continues  growing 
for  some  time — up  to  the  time  of  puberty,  it  is  said — after  which  period  invo- 
lution occurs.  Its  period  of  growth  ends  therefore  with  the  beginnings  of  the 
ascendancy  of  the  sexual  glands.  There  is  here  the  suggestion  of  a  certain 
antagonism  between  the  two  sets  of  glands.  But  for  one  reason  or  another,  invo- 
lution may  be  hastened  or  delayed.  It  may  be  hastened  by  bad  con- 
ditions of  health,  and  delayed  or  slowed  by  good  conditions.  Severe  illness, 
especially  the  infections  of  childhood,  are  apt  to  be  succeeded  by  precocious 
involution.*  This  apparent  relationship  between  thymus  physiology  and  the 
general  state  of  the  organism  led  Sahli  to  speak  of  the  gland  as  the  measure  of 
the  state  of  nutrition.  With  precocious  involution  of  the  thymus  there  seems 
to  be  no  precocious  development  of  the  sexual  glands — nor  the  reverse. 

The  thymus  is  believed  by  many  to  be  an  important  internal  secretory  or- 

*From  the  Mary  M.  Emery  Department  of  Pathology  of  the  University  of  Cincinnati,  and  the 
Pathological   Institute  of  the   Cincinnati   General   Hospital. 
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gan,  which  exercises  important  powers  over  growth.  It  is  possible  that  it  is 
able  to  stimulate  growth  even  though  it  seems  to  lack  the  power  of  exciting  dif- 
ferentiation. Gudernatsch's^  w^ork  indicates  that  it  may  be  able  to  suppress 
differentiation.  It  is  believed  that  it  exerts  an  inhibitory  action  upon  the  sex- 
ual glands,  the  adrenals  (especially  the  cortex),  the  thyroid,  spleen,  and  pan- 
creas, but  these  actions  are  not  clearly  demonstrated,  and  -seem  ra.ther  to  be 
based  upon  coincidences  than  upon  exact  experimental  results.  Changes  in  the 
thymus  are  associated  with  such  syndromes  as  status  thymico-lymphaticus,  ex- 
ophthalmic goiter,  dwarfism,  achondroplasia,  acromegaly,  and  certain  types  of 
precocious  adipose  states.  As  a  matter  of  fact,  variations  in  the  size  and  micro- 
scopic appearance  of  the  thymus  are  associated  with  so  many  morbid  states,  and 
so  little  has  been  accomplished  by  experimental  work  on  it,  that  very  little  can 
be  said  definitely  regarding  its  physiologic  relationships.  Our  own  experience 
is  that  there  are  no  definite  lesions  or  changes  in  the  thymus  that  are  associated 
with  other  organic  or  general  physiologic  abnormalities.  This,  it  would  seem, 
is  a  minority  report.     Consensus  of  opinion  is  in  the  opposite  direction. 

.  Since  the  first  attempt  at  thymectomy  by  Restelli,  in  1845,  and  the  publica- 
tion of  Friedleben's  experiments,  in  1858,  a  large  number  of  workers  have 
studied  the  behavior  of  animals  after  incomplete  and  complete  operative  removal 
of  the  thymus.  For  the  most  part,  until  very  recent  times,  all  have  reported 
that  extirpation  of  this  gland  has  no  more  than  indefinite  and  transient  after- 
effects. In  1898,  Calzolari  noted  that  the  thymus  undergoes  hypertrophy  after 
castration  (rabbits),  and  J.  Henderson  called  attention  to  the  fact  that  in  cattle 
castration  is  followed  by  increased  growth  and  delayed  thymus  involution. 
Noel  Paton,  using  guinea  pigs,  confirmed  Henderson's  observations,  and  added 
that  if  thymectomy  is  done  before  puberty,  the  testicles  undergo  unusually  rapid 
evolution.  It  has  also  been  remarked  that  the  thymus  is  larger  in  capons  than 
in  cocks.  Additional  evidence  of  interrelationships  between  other  glands  and 
the  thymus  are  offered  in  the  observations  of  Tandler  and  Gross,  that  the  latter 
gland  is  abnormally  persistent  in  eunuchs;  that  splenectomy  is  followed  by 
hypertrophy  of  the  thymus  (Mattel)  ;  that  hyperplasia  of  the  pancreas  is  apt 
to  follow  thymectomy  (Mattel)  ;  that  the  thymus  is  commonly  large  in  hypo- 
pituitarism;  that  it  is  increased  in  size  after  hypophysectomy  (Gushing);  that 
persistence  of  the  thymus  is  fairly  constant  in  acromegaly ;  that  hypertrophy 
of  the  adrenals,  both  cortex  and  medulla,  follows  thymectomy  (Klose.  Mattei. 
Halsted)  ;  that  excision  of  the  adrenals  is  followed  by  hyperplasia  of  the 
thymus;  that  the  use  of  adrenal  extracts  produces  thymus  involution  (Wasten- 
son,  Boignet)  ;  that  after  thyroidectomy  the  thymus  atrophies;  and  that  after 
thymectomy,  there  is  an  increase  of  thyroid  activity.*"'  These  data  seem  to  sug- 
gest that  the  thymus  is  antagonistic  to  most  every  other  ductless  gland,  which 
seems  unreasonable.  It  is  supposed  that  when  tlxcse  changes  do  not  (iccur  it  is 
because  accessory  thymus  tissue  exists. 

The  most  striking  results  of  extirpation  of  the  thymus  have  been  obtained 
by  using  young  animals.  After  the  age  of  puberty,  removal  produces  less  obvi- 
ous change.  The  reports  chronicle  very  remarkable  skeletal  effects,  largely  in 
the  direction  of  delayed  development.  Appearances  suggestive  of  those  of 
spontaneous  rickets  were  reported  by  Rasch.^  who   used   voung  puppies   in   h\< 
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experiments.  He  noticed  osseous  changes,  beginning  two  to  three  weeks  after 
operation,  which  seemed  to  indicate  deficient  or  delayed  ossification,  resulting  in 
increased  ease  of  fracture  and  increased  flexibility.  At  points  of  fracture,  the 
callus  was  deficient  in  lime  salts.  \\'ith  these  changes  there  w^ere  also  nervous 
manifestations,  some  of  which  were  peripheral  (hyperirritability)  and  some 
central  (decreased -intelligence).  Klose'^  practically  duplicated  Basch's  experi- 
ments but  used  very  young  puppies  (10  to  20  days  old),  and  watched  them  for 
longer  periods.  He  observed  that  after  a  period  of  about  two  weeks,  the  an- 
imals showed  increasing  adiposity,  polyphagia,  and  loss  of  muscular  activity, 
following  which  stage  came  a  third,  during  which  the  animals  lost  weight  rap- 
idly, and  also  lost  muscvilar  and  bony  strength,  but  retained  their  appetites.  At 
the  same  time  they  lost  all  psychic  power,  and  finally,  in  the  course  of  3  to  14 
months,  died  in  coma.  The  bones  from  such  animals  showed  extreme  modifi- 
cations which  are  characteristic  of  osteoporosis,  and  which  included  cyst  forma- 
tion, irregular  thickening  of  the  epiphyseal  cartilages  and  deficient  linear  growths. 
Fractures  which  were  more  easily  than  normally  produced,  were  healed  by  fi- 
brous union.  The  bones  showed  a  loss  of  about  35  per  cent  of  calcium  salts. 
Klose's  explanation  is  that  thymus  removal  takes  away  the  locus  of  nuclein 
synthesis,  and  that  this  results  in  an  acidosis  (nucleic  acid)  which  causes  the 
removal  of  lime  salts  from  the  bones  and  at  the  same  time  produces  an  edema 
of  the  bi^ain.  He  also  assumes  that  the  spleen  assumes  the  thymic  function 
after  involution  of  the  latter,  a  conception  which  is  supported  by  the  association 
of  hypertrophy  of  the  two  organs  in  status  th\mico-lymphaticus  and  by  the  fact 
that  x-ray,  allowed  to  act  upon  the  thymus  alone,  leads  to  a  decrease  in  size 
of  thymus  and  spleen.^  The  work  of  Klose,  Klose  and  Vogt,  IMattei,  and 
others,  points  then  to  the  fact  that  thymus  removal  produces  important  gen- 
eral changes  in  metabolism.  Growth  is  delayed,  ossification  is  slowed,  the  bones 
become  soft  and  easily  fractured,  and  healing  of  fractures  takes  place  slowly 
and  frequently  by  fibrous  union.  x\lso  associated  with  these  skeletal  changes,  a 
cachexia  thymopriva  develops  after, an  uncertain  latent  period  and  is  charac- 
terized by  lassitude,  muscular  weakness,  emaciation  and  increased  stimulability 
of  the  peripheral  nerves.  Criticism  of  certain  interpretations  of  the  results 
following  thymectomy  are  based  upon  the  possibility  of  the  removal  of  para- 
thyroids with  the  thymus. 

Pappenheimer's^"  observations  b.ave  led  him  to  believe  that  while  rachitic 
changes  do  occur  in  white  rats  (with  v,hich  he  worked),  these  are  not  due  to 
thymectomy,  but  to  spontaneous  disease.  He  was  not  able  to  confirm  the  results 
of  Klose  and  Magnini.  Xordmann"  believes  that  the  thymus  is  not  an  essen- 
tial organ,  and  that  its  removal  in  young  dogs  has  no  important  efifects,  although 
Flesch^-  has  i)roduced  evidence  that  the  organ  is  essential  to  the  life  of  young 
rats. 

The  whole  outcome  of  the  work  up  to  the  present  time  seems  to  be  as 
W'iesel  says,  that  our  knowledge  of  the  function  of  the  thymus  and  of  its  rela- 
tionships to  other  glands  is  still  deficient.  One  may  be  permitted  to  believe  that 
the  thymus  may  be  a  ductless  gland  which  has  a  close  relation  to  bone  metabolism, 
to  the  chromaffin  tissue  and  to  the  sexual  glands. 

The  thymus  is  implicated  in  three  well  isolated  clinical  entities  beside  rachi- 
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tis;  namely,  status  thymico-lymphaticus  (mors  thymica),  exophthalmic  goiter, 
and  Addison's  disease.  Changes  in  the  gland  are  also  associated  with  various 
infections,  certain  cachectic  states,  with  states  of  precocious  adiposity,  with 
dwarfism,  and  with  certain  forms  of  achondroplasia.  In  acromegaly  it  is  fairly 
constantly  persistent.  The  relationships  which  exist  between  the  thymus  and 
other  glands  is  variously  interpreted.  Hammer  divides  all  the  ductless  glands 
into  two  groups  according  to  their  action  as  excitors  or  depressors  of  the 
thymus.     Others  see  little  evidence  of  definite  relationships. 

STATUS   THYMICO-LYMPHATICUS. 

It  has  been  noticed  from  time  to  time,  especially  since  the  reports  of  Pal- 
tauf,  that  apparently  healthy  individuals,  who  have  died  suddenly  and  unac- 
countably during  anesthesia,  or  after  falling  into  the  water,  or  after  apparently 
unimportant  traumata,  have  possessed  an  enlarged,  perhaps  hyperplastic  thy- 
mus. The  suspected  relations  between  the  enlarged  gland  and  death  is  ex- 
pressed in  the  term  mors  thymica.  It  has  also  been  noticed  that,  in  these  cases, 
the  lymphoid  tissue  generally  is  hyperplastic.  In  typical  cases,  not  only  the 
peripheral  lymph  glands  are  large,  but  the  whole  lymphoid  tissue  of  the  intes- 
tinal tract  as  well  appears  remarkably  hyperplastic.  The  spleen  also  is  enlarged. 
Hence  the  term  lymphatism,  or  status  lymphaticus.  In  some  cases  only  the 
lymphoid  tissue  is  hyperplastic ;  in  other  cases,  the  thymus  alone  is  affected ; 
often  both.  In  many  such  cases  there  is,  beside  the  glandular  condition,  also 
evidence  of  defective  physical  development,  for  which  condition,  in  prethymic 
times,  the  expression  lymphatic  disposition  or  temperament  was  used.  Typical 
evidences  of  outspoken  physical  incompleteness  are  shown  in  a  certain  infantile 
appearance  characterized  by  obesity,  infantile  genitals,  and  defective  growth  of 
the  hair,  especially  the  pubic. 

Xot  uncommonly  the  cause  of  death  in  status  thymico-lymphaticus  is  be- 
lieved to  be  due  to  the  enlarged  thymus,  almost  filling  the  upper  opening  of  the 
thorax,  resting  upon  the  great  vessels,  and  the  cardiac  auricles ;  and  hemmed  in 
by  the  manubrium  sterni  and  the  u])]ier  ribs,  which  becomes  acutely  congested  and 
compresses  the  organs  about  it  (including  the  trachea),  and  so  causes  rapid 
death.  In  less  extreme  circumstances  it  leads  to  dyspnea  which  disapjiears 
when  the  organ  becomes  less  swollen  or  after  it  undergoes  in\iilution.  It  is 
known  that  the  x-ray  is  able  to  cause  atrophy  of  the  thymus  and  that  it  is  very 
effective  in  preventing  attacks  of  thymic  asthma,  as  has  been  shown  by  Fried- 
lander.  The  facts  that  x-ray  treatments  reduce  the  size  of  the  thymus  and  that 
the  effects  of  the  treatments  are  xery  prompt,  indicate  that  there  is  at  least  some 
basis  in  the  physical  cause  of  mors  thymica;  and.  moreover,  if  the  latent  period 
that  exists  between  operations  and  symptoms  be  actuall\-  due  to  the  presence 
of  thymus  substances  in  the  body,  then  it  would  seem  that  there  should  also  be 
a  very  distinct  latent  period  between  x-ray  exposure  and  relief — which  does  not 
seem  to  be  true. 

It  has  also  been  assumed  that  the  cause  of  the  comjjlex  status  tiiynnco- 
lymjjhaticus  is  an  overfunctioning  of  the  gland,  and  that  under  these  circum- 
stances there  is  an  excessive  amount  of  secretion  gi\(.n  to  the  system.  There 
seems  to  be  as  little  j)roof  f)f  this  as  one  might  expict    frdin  onr  knowledge  of 
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the  physiology  of  the  gland.  N.  Paton  believes  that  the  syndrome  is  essentially 
a  pluriglandular  one  in  which  several  glands  participate,  and  that  in  the  absence 
of  the  secretions  of  these  glands  and  because  of  general  imperfect  development, 
death  is  more  easily  produced  by  traumata  which  would  otherwise  be  ineffec- 
tive. Wiesel  also  considers  the  complex  the  expression  of  a  general  constitu- 
tional anomaly — a  general  tissue  weakness.  This  generally  anomalous  condition 
is  suggested  by  the  frequence  of  abnormalities  in  persons,  the  subjects  of  status 
lymphaticus.  The  more  frequent  lesions  found  in  connection  with  it  are  hypo- 
plasia of  the  adrenal  medulla,  narrowing  of  the  aorta,  congenital  heart  lesions, 
enlargement  of  the  thyroid,  and  of  the  spleen  and  lymph  glands.  Also,  in  chil- 
dren, these  lesions  are  apt  to  be  the  lesions  of  rickets  plus  a  large  thymus. 

It  has  been  said  that  primary  and  secondary  morbus  Addisoni  are  almost 
regularly  associated  with  status  thymico-lymphaticus.^"  It  seems  entirely  pos- 
sible that  this  is  true  of  the  Addisonian  complex  when  the  chromaffin  tissue  is 
generally  damaged,  for  the  occurrence  of  chromaffin  hypoplasia  with  thymus 
hyperplasia  seems  to  be  a  fact,  but  whether  this  is  so  true  of  the  purely  sec- 
ondary types  is  a  question,  though  Bartel  observed  that  the  adrenals  were  not 
infrequently  found  to  be  tuberculous  in  status  lymphaticus.  In  one  case  in  the 
Cincinnati  Hospital,  in  which  the  symptoms  of  a  developing  Addison's  disease 
were  present,  and  in  which  there  were  tuberculous  lesions  in  one  adrenal,  there 
was  no  evidence  of  any  thymus  tissue,  even  in  microscopic  sections.  This  case 
was  a  distinctly  secondary  one,  in  which  there  were  progressive  pulmonary 
tuberculous  lesions.  There  were  also  no  discoverable  lesions  in  any  of  the  duct- 
less glands  examined  (pancreas,  pituitary,  pineal,  thymus).  The  chromaffin 
tissue  of  the  adrenals  was  hypoplastic. 

More  striking,  however,  is  the  appearance  of  enlarged  thymus  in  Graves' 
disease.  It  was  long  after  von  Miculicz  had  remarked  upon  the  presence  of  an 
enlarged  thymus  in  exophthalmic  goiter,  and  long  after  Rehn  had  suggested 
operative  attentions  for  the  thymus  in  such  cases,  that  Garre  and  Capelle  re- 
ported their  striking  observation  that  in  95  per  cent  of  fatal  cases  of  Graves' 
disease  an  enlarged  thymus  was  present.  Since  that  time  the  records  have  mul- 
tiplied, and  now  there  sterns  no  doubt  that  a  hyperplastic  thymus  is  a  very  im- 
portant factor  in  the  disease.  Hart  goes  so  far  as  to  state  his  belief  that  there 
is  a  pure  thymogenic  form  of  the  exophthalmic  goiter.  Garre  has  said  that 
the  blood  picture  of  Graves'  disease  returns  to  normal  after  removal  of  the 
thymus;  that  intraperitoneal  injections  of  thymus  extracts  produce  the  blood 
picture  which  Kocher  believed  characteristic  of  Graves'  disease;  and  that  the 
thyroids  show  evidence  of  regressive  changes  after  thymectomy.  Gabele  has 
said  that  implantation  of  normal  thymus  in  thyroidectomized  dogs  prevents 
the  appearance  of  cachexia  thyropriva,  and  Bircher  has  been  able  to  produce 
a  typical  Graves'  disease  by  intraperitoneal  implantation  of  fresh  pathologically 
hyperplastic  thymus.  The  recent  observations  of  von  Haberer,  Klose  and  oth- 
ers tend  to  support  the  conception  of  the  dual  nature  of  Graves'  disease,  and 
the  experiences  of  Halsted^*  tend  in  the  same  direction,  although  von  Haberer^^ 
says,  in  agreement  with  Kocher,  that  cases  of  Graves'  disease  without  thymus 
hyperplasia  occur,  but  he  also  says  that  cases  of  hyperplastic  thyroid  in  associa- 
tion with  enlarged  thymus  glands  exist  without  symptoms  of  exophthalmic  goiter. 
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There  still  remains  the  association  between  thymus  persistence  and  hyper- 
plasia, and  dwarfism,  achondroplasia,  and  other  abnormal  states.  Whether 
these  are  constant  associations  and  active  ones,  we  cannot  tell — the  answer 
must  be  left  to  the  future  to  decide.  All  that  seems  at  all  definite  is  that  the 
thymus  seems  to  be  a  factor — to  play  a  part — in  the  processes  of  growth  and, 
as  Romeis^*^  says,  the  younger  the  animal,  the  surer  is  the  growth  quickening 
action  of  the  gland.  His  experiments  gave  somewhat  the  same  results  as  those 
of  Gudernatsch. 
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ORTHOSTATIC  ALBUMINURIA* 


By  Arthur  F.  Beifei^d,  M.D.,  Chicago. 


THE  following  is  a  brief  clinical  note  concerning  a  case  of  albuminuria  of 
the  orthostatic  type.  The  justification  for  presenting  it  rests  in  part  upon 
its  apparent  etiology  and  in  part  upon  its  yielding,  to  a  great  extent  at  least,  to 
surgical  intervention. 

Observers  are  not  entirely  in  accord  as  to  the  conditions  underlying  ortho- 
static, or  following  Heubner,^  philologically  more  correct,  orthotic  albuminuria. 
The  experimental  work  of  Jehle-  speaks  convincingly  for  the  role  of  a  lumbar 
lordosis  in -its  causation,  and  this  theory  has  perhaps  the  greatest  number  of  ad- 
herents. Pollitzer^  emphasizes  the  importance  of  a  congenitally  insufficient 
faucial  lymphatic  ring,  pointing  to  the  frequent  association  of  angina  with  this 
form  of  albuminuria.  Jehle,  while  he  concedes  the  truth  of  this  last  fact,  states 
that  disappearance  of  the  albuminuria,  following  the  removal  of  the  offending 
tonsils,  has  never  been  demonstrated.  This  assertion  was  made  by  Jehle  in 
1913,  in  a  comprehensive  monograph*  on  the  subject. 

Among  other  causes  suggested  in  explanation  of  this  phenomenon  are  the 
following:  A  persistently  low  pulse  pressure  in  the  renal  glomeruli  (Erlanger 
and  Hooker^)  ;  Teissier's*'  view  that  it  is  a  manifestation  of  a  latent  tubercu- 
lous infection — the  so-called  pretuberculous  stage ;  that  it  is  due  to  increased 
renal  permeability,  hence  its  frequent  occurrence  in  families  (Leube^)  ;  that  it 
is  the  sequel  of  some  infectious  process ;  that  it  is  an  evidence,  purely,  of  a 
labile  vasomotor  system ;  and,  finally,  that  it  is  the  result  of  some  interference 
with  the  extrinsic  renal  vessels,  such,  for  example,  as  would  occur  w^hen  a  full 
colon  caused  pressure  upon  the  renal  veins  when  the  individual  assumed  the 
erect  position. 

Certain  predisposing  factors  are  better  known.  Thus,  the  condition  is 
generally  considered  as  distinctly  more  common  in  boys  than  in  girls,  though 
with  this  Heubner^  and  Langstein^  disagree.  Furthermore,  it  is  essentially  a 
manifestation  of  adolescence.  Schaps,^"  in  the  Berlin  clinic,  found  94.12  per 
cent  of  his  cases  between  the  ages  of  five  and  fifteen  years.  Heubner's  statis- 
tics are  not  entirely  in  harmony  with  those  of  Schaps  as  he  classifies  38  per  cent 
of  his  cases  between  the  ages  of  sixteen  and  twenty  years,  and  17.86  per  cent 
between  the  ages  of  twenty-one  and  thirty.  Finally,  as  shown  especially  by 
English  sources,  it  is  of  very  frequent  occurrence. 

The  essentials  of  the  case  forming  the  basis  of  this  report  are  as  follows: 
The  patient,  a  young  medical  student  age  twenty-one,  consulted  the  writer  after 
discovering  in  one  of  his  laboratory-  courses  that  his  urine  contained  albumin  in 
large  amount.  The  tests  employed  were  the  heat,  the  Heller,  and  the  saturated 
sodium  chlorid-acetic  acid.  The  quantitative  determination  by  Esbach  showed 
three  parts  pro  mille.  This  discovery  was  a  great  surprise  to  the  young  man  as 
his  general  health  had  never  been  better. 

As  to  the  anamnesis,  it  was  brought  out  that  aside  from  frequent  attacks  of 

'Read   before   the   Clinical    Society   of   the   Michael    Reese   Hospital,    Chicago,   April    3,    1916. 
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tonsillitis,  he  had  always  been  well.  Incidentally,  it  is  perhaps  worthy  of  note 
that  a  brother  had  had  a  nephritis  following  scarlatina  and  that  his  father  had 
succumbed  to  chronic  Bright's  disease.  The  mother  is  subject  to  recurrent 
sore  throat. 

Examination  showed  a  stout  and  rather  muscular  individual  5  ft.  11^^  in. 
in  height,  weighing  217  pounds.  There  was  no  lumbar  lordosis.  The  tonsils 
were  large  and  hyperemic,  and  rather  deeply  buried ;  and  some  of  the  tonsillar 
crypts  contained  plugs.  There  was  no  cervical  adenopathy.  The  lungs  were 
negative.  The  heart  seemed  somewhat  enlarged,  as  determined  by  the  ordinary 
methods,  the  left  border  being  in  the  mammillary  line.  Fluoroscopically,  with 
the  narrowed  screen,  IMR  measured  4.7  cm.  and  ML  9.3  cm.,  making  a  trans- 
verse diameter  of  14  cm.,  which  is  the  upper  limit  of  the  normal  for  a  male  in- 
dividual of  his  age,  weight  and  height  according  to  the  tables  of  Dietlen.^^ 
There  were  no  auscultatory  anomalies. 

The  abdomen  was  without  changes ;  and  ankle  edema  was  absent.  The 
blood-pressure  on  several  examinations  was  120  systolic  and  80  diastolic.  On 
one  occasion  the  systolic  pressure  registered  130  mm". 

The  urine  contained  albumin  by  the  various  tests  mentioned  above.  There 
was  present  in  addition  a  body  precipitated  by  acetic  acid  in  the  cold.  The  re- 
action for  this  substance  was  so  pronounced  as  to  suggest  that  the  bulk  of  the 
material  producing  the  positive  albumin  tests  was  of  this  nature.  This  acetic 
acid  precipitable  substance,  furthermore,  was  present  even  though  the  reaction 
for  serum  albumin  was  negative.  Urinalysis  showed  only  one  other  abnormal- 
ity; viz.,  the  almost  constant  presence  of  scattered  hyalin  casts. 

Further  study  of  the  case  demonstrated  the  fact  that  the  occurrence  of  al- 
bumin was  strictly  associated  with  the  assumption  of  the  upright  position.  If 
the  patient,  having  emptied  his  bladder  on  a  given  night,  urinated  into  a  con- 
veniently placed  receptacle  the  succeeding  morning,  the  specimen  contained  no 
albumin,  and  also  no  casts.  If  the  young  man  arose  to  urinate,  or  even  if  he 
lifted  himself  in  bed  to  turn  on  the  light,  albumin  appeared,  and  as  a  rule,  casts. 
The  amount  of  albumin  varied,  diminishing  apparently  as  the  day  wore  on. 

In  view  of  the  plans  of  the  patient,  it  was  especially  imperative  to  deter- 
mine, if  possible,  the  underlying  cause  of  the  condition.  The  fact  that  the  al- 
buminuria was  postural  in  nature  did  not,  of  course,  rule  out  the  possibility  of 
a  renal  lesion.  In  the  opinion  of  some  observers,  Senator^-  and  Langstein^^ 
among  others,  casts  eliminate  the  diagnosis  of  a  cyclic  or  orthotic  albuminuria, 
.^alili^'*  and  Jehle^'''  on  the  contrary  do  not  regard  the  presence  of  a  few  hyalin 
casts  as  militating  against  this  diagnosis;  and  Jehle  and  others  have  observed 
cases  exhibiting  casts  which  detinitel}-  proved  themselves  to  be  of  the  orthotic 
type. 

According  to  Langstein,  the  presence  of  a  body  which  is  precipitated  by 
acetic  acid  in  the  cold,  regarded  by  him  as  nucleo-albumin,  but  which  is  prob- 
ably a  chondroitin-sulphuric  acid,  is  not  observed  in  the  nephropathies,  and  is 
strongly  suggestive  of  the  orthotic  nature  of  the  condition. 

As  to  the  heart,  this  is  to  be  said :  An  organ  enlarged  to  the  left  or  to  the 
right  or  transversely  is  very  frequently  observed  in  undoubted  cases  of  orthotic 
albuminuria.     This   is  the   so-called   cor   iu\cn\un   ul'    Krohl    and    Ciorniain    v^oe.'" 
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In  the  doubtful  case,  an  enlarged  organ  is  to  be  regarded  as  pathological  only 
when  conjoined  with  other  evidences  of  a  renal  lesion,  particularly  hypertension, 
a  ringing  aortic  second  sound  and  abnormal  vessels. 

The  preliminar}'  examination  of  the  patient  took  place  toward  the  end  of 
November,  1915.  In  the  absence  of  a  satisfactory  etiology  of  the  condition,  and 
particularly  in  view  of  the  uncertainty  as  to  the  gravity  of  the  affair,  tonsil- 
lectomy was  advised,  primarily  because  of  the  evident  pathology  in  these  or- 
gans. The  writer  was  influenced  to  a  considerable  degree  also  by  the  studies  of 
PoUitzer  relative  to  the  frequent  association  of  his  material  with  recurrent 
anginas;  though  as  previously  mentioned,  and  emphasized  by  Jehle,  no  case 
was  on  record  in  1913  of  the  subsidence  of  an  orthotic  albuminuria  following 
the  removal  of  the  tonsils. 

The  tonsillectomy  was  performed  during  the  holidays.  Shortly  after  there 
occurred  an  epidemic  of  infections  of  the  respiratory  tract,  and  to  this  the  pa- 
tient fell  a  victim.  Complicating  his  affection  was  an  otitis  media  and  mastoid- 
itis, the  latter  subsiding,  however,  without  operative  interference.  During  this 
illness  albumin  continued  to  be  present  in  the  urine. 

With  the  termination  of  the  middle  ear  and  mastoid  infections,  examination 
of  the  urine  under  differing  postural  conditions  was  resumed.  The  results  of 
these  later  tests,  covering  a  period  of  six  weeks,  can  be  summarized  in  a  few 
words:  The  urine,  except  on  one  occasion,  has  been,  and  continues  to  be,  free 
from  albumin  and  other  abnormal  constituents.  The  exception  occurred  when 
the  patient,  in  an  effort  to  subject  himself  to  an  unusually  severe  test,  raced  up 
five  flights  of  stairs.  The  urine  collected  after  this  exertion  contained  albumin 
by  the  various  tests,  though  in  this  particular  instance  it  would  be  difficult  to 
say  whether  the  albuminuria  was  of  the  type  under  discussion  or  was  merely 
that  seen  so  frequently  after  severe  exertion.     No  casts  were  found. 

If  one  is  of  the  opinion  of  Jehle  that  a  lumbar  lordosis  is  an  essential  fea- 
ture of  all  true  cases  of  orthotic  albuminuria,  then  the  case  in  question  cannot 
be  regarded  in  this  category.  If,  on  the  contrary,  a  lordosis  is  only  one  of  sev- 
eral factors  responsible  for  the  condition,  among  which  is  to  be  emphasized 
infections  of  the  faucial  tonsils,  then  the  case  under  discussion  may  be  said 
properly  to  fall  in  this  group  of  albuminurias,  especially  as  the  presence  of  such 
features  as  casts  and  an  enlarged  heart  may  be  explained  on  satisfactory  grounds 
other  than  the  assumption  of  a  nephropathy. 

Note  (February,  1917^ — nearly  a  year  since  the  preparation  of  this  paper). — For  several 
months  after  the  above  noted  exceptional  finding  of  albumin,  a  trace  of  the  latter  was  found 
in  the  urine  on  isolated  occasions,  particularly  during  the  middle  of  the  day.  In  the  past 
seven  months,  however,  albumin  has  been  absent  -at  all  times  and  by  all  tests. 
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By  h.  M.  Bowes,  M.D.,  Chicago. 


A  LARGE  majority  of  the  diseases  of  old  age  are  due  to  changes  which  take 
place  in  the  blood  vessels,  heart,  or  kidneys,  and  which  usually  progress  to 
a  fatal  termination  as  a  result  of  cardiac  failure,  cerebral  hemorrhage  or  nephri- 
tis. Therefore,  it  is  of  extreme  importance  that  a  study  be  made  of  the  condition 
of  the  cardio-vascular-renal  system  by  means  of  measuring  the  peripheral  resist- 
ance. This  may  be  accomplished  by  observing  the  diastolic  pressure,  which  is  a 
better  index  and,  as  it  varies  less  than  the  systolic  pressure,  is  of  much  greater  im- 
portance. 

In  order  to  emphasize  this  point  I  wish  to  report  59  deaths  which  occurred 
in  old  people  between  the  ages  of  65  and  95,  during  the  past  four  years. 

Fifteen  deaths  were  due  to  chronic  valvular  heart  disease,  9  to  cerebral 
hemorrhage,  8  to  arterial  disease,  6  to  nephritis,  7  to  cancer,  2  to  accident,  5  to 
pneumonia,  2  to  acute  enteritis,  1  to  diabetes,  1  to  tuberculosis,  and  3  to  chronic 
bronchitis  which,  in  all  probability,  were  also  of  cardiac  origin.  There  was  a  total 
of  35  deaths  due  to  cardiac  or  arterial  disease. 

Nephritis  was  present  in  a  number  of  cases  but  was  the  immediate  cause  of 
death  only  in  six  instances. 

Four  hundred  observations  were  made  in  a  series  of  161  patients,  all  but  two 
of  whom  were  between  65  and  95  years  of  age.  The  point  at  which  all  sound  dis- 
appeared was  recorded  as  the  diastolic  pressure.  Eighty-six,  or  53  per  cent,  had 
diastolic  pressures  between  75  and  95  mm.  Hg.  The  average  diastolic  pressure 
for  those  between  65  and  69  years  of  age  was  82  mm.  Hg.  After  69  there  was 
an  increase  up  to  the  period  between  85  and  89  when  the  diastolic  pressure  was 
90  mm.  Hg. 

EOW    DIASTOLIC    PRESSURE. 

There  were  43  who  had  diastolic  pressures  below  75  mm.  Hg.  The  lowest 
was  58  mm.  and  the  average  low  was  67  mm.  Hg.  Any  diastolic  pressure  below 
75  mm.  was  considered  abnormal.  Eight  of  those  with  a  persistent  diastolic 
pressure  below  75  mm.  were  normal  in  health.  The  rest  were  sufferers  of 
myocarditis,  rheumatism,  acute  enteritis,  carcinoma,  anoniia  or  senile  dcnientia. 
named  in  the  order  of  frequency. 

*For   an    p.irlier    paper   on    Blood    I'ressiire    in    the    Aged,    see    this   jonni.-jl,    ii.    256. 
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HIGH    DIASTOLIC    PRESSURE. 


There  were  3-2  who  had  persistent  diastoHc  pressures  above  95  mm.  The 
highest  was  143  and  the  average  110  mm.  Hg.  Any  diastohc  pressure  above  95 
mm.  was  considered  abnormal. 

Fifty  per  cent  of  those  who  had  persistent  high  diastohc  pressures  presented 
mental  symptoms  such  as  headache,  dizziness,  lack  of  memory,  confused  ideas, 
hallucinations,  cerebral  atrophy,  senile  dementia  or  cerebral  hemorrhage. 

Nearly  all  had  enlarged  cardiac  dullness,  with  an  accentuated  second  aortic 
sound  and  a  systolic  murmur  heard  at  the  apex  or  at  the  second  intercostal  space. 

Eight  had  chronic  valvular  heart  disease,  two  valvular  lesions  associated  with 
cerebral  hemorrhage,  and  two  valvular  heart  lesions  with  nephritis.  Two  others 
had  suffered  cerebral  hemorrhages.  Several  complained  of  cardiac  pain  and 
tingling  in  the  fingers  and  toes. 

CP:REBRAL    HEMORRHAGE. 

As  a  general  rule  a  sustained  hypertension  of  both  systolic  and  diastolic 
pressures  diagnosticates  cerebral  hemorrhage  from  cerebral  embolism.  But  there 
is  a  small  group  of  cases  in  which  neither  pressures  are  high.  It  is  not  an  un- 
common thing  to  see  a  fall  of  systolic  and  diastolic  pressures  following  a  small 
cerebral  hemorrhage.  I  have  seen  a  drop  of  25  mm.  in  the  systolic  and  5  mm. 
Hg.  in  the  diastolic  pressures  within  twenty-four  hours  following  such  a 
hemorrhage. 

There  may  be  a  temporary  rise  in  case  a  checking  of  the  hemorrhage  occurs 
only  to  fall  again  with  a  recurrence  of  the  bleeding.  These  cases  can  only  be 
diagnosticated  from  cerebral  embolism  by  following  them  to  autopsy.  The 
hemorrhage  is  quite  small  and  usually  is  located  in  the  anterior  portion  of  the 
brain. 

A  hemorrhage  that  is  profuse  or  occurs  in  the  region  of  the  fourth  ventricle 
is  followed  by  a  high  or  increased  blood  pressure. 

There  is  less  danger  of  a  blood  vessel  breaking  when  the  diastolic  pressure  is 
low  even  if  the  systolic  pressure  is  high. 

The  arteries  were  very  rigid  in  all  of  the  cases  of  cerebral  hemorrhage  that 
had  low  diastolic  and  systolic  pressures. 

ARTERIOSCLEROSIS. 

A  great  deal  depends  upon  the  heart  and  kidneys  whether  or  not  there  is  an 
increased  diastolic  pressure  in  arteriosclerosis.  When  it  is  raised  the  increase  is 
not  in  proportion  to  the  systolic  which  causes  a  high  pulse  pressure. 

There  is  a  great  deal  of  value  to  be  derived  from  these  high  diastolic  pres- 
sure readings  because  it  is  an  index  to  the  amount  of  increased  peripheral  re- 
sistance. 

There  was  a  slow  heart  action  in  some  of  the  cases  of  marked  arteriosclerosis. 
A  pulse  rate  of  40  to  50  is  not  uncommonly  associated  with  a  diastolic  pressure  of 
104  mm.  Hg.  or  even  higher. 

On  the  other  hand,  we  may  not  have  an  increased  diastolic  pressure.  Price^ 
explains  this  bv  saying  that  "there  is  less  dilatation  and  recoil  to  maintain  it." 
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Cornwall-  states  that  the  diastolic  pressure  "is  usually  raised  when  the  arterial 
supply  of  the  vital  regions  is  involved,  but  the  elevation  does  not  seem  to  be  so 
high,  as  a  rule,  as  in  chronic  nephritis." 

Whenever  myocarditis  develops  or  the  limit  of  the  cardiac  reserve  power  has 
been  reached  we  have  a  fall  of  blood  pressure,  both  systolic  and  diastolic,  regard- 
less of  the  conditon  of  the  arteries. 

CHRONIC    HEART    DISEASE. 

The  diastolic  pressure  is  generally  low  in  aortic  regurgitation.  It  is  impos- 
sible, in  some  cases,  to  make  an  accurate  reading  because  a  sound  can  be  heard 
until  all  pressure  in  the  armlet  is  removed. 

A  high  diastolic  pressure  was  found  in  aortic  stenosis.  But  as  it  was  asso- 
ciated with  marked  arteriosclerosis,  it  was  impossible  to  determine  which  influ- 
enced the  diastolic  pressure. 

A  low  diastolic  pressure  was  found  in  all  cases  of  chronic  mvocarditis. 

A  difference  of  10  to  20  mm.  Hg.  between  the  small  and  large  beats  was 
observed  frequently  in  irregular  heart  action. 

CHRONIC    NEPHRITIS. 

Chronic  interstitial  nephritis  is  the  usual  t}pe  of  nephritis  met  with,  and 
It  is  not  common  to  have  an  uncomplicated  case  at  this  time  of  life. 

Arteriosclerosis,  chronic  myocarditis  and  uremia  are  the  usual  complica- 
tions which  may  modify  the  blood  pressure.  But  where  chronic  interstitial  nephri- 
tis predominates,  the  diastolic  pressure  is  higher  than  in  any  other  disease  of  old 
age.  It  is  generally  between  120  and  150  mm.  Hg.  and  a  higher  pressure  is 
often  seen. 

The  heart  hypertrophies  in  all  of  these  cases  in  order  to  meet  the  increased 
peripheral  resistance.  \\'hen  the  limit  of  the  cardiac  reserve  power  has  been 
reached,  the  diastolic  pressure  falls  with,  but  not  as  rapidly  as,  the  systolic  pres- 
sure, causing  a  lower  pulse  pressure. 

This  exi)lains  why  we  have  so  many  cases  of  chronic  nephritis  with  low 
systolic  and  diastolic  pressures  in  those  past  eighty. 

CHRONIC    TOIJACCO    I'OISONING. 

In  looking  over  the  records  of  fifty  who  have  been  hard  smokers  for  forty 
and  even  seventy  years,  I  find  that  the  blood  pressure  was  inllucnccd  b\-  ihe  asso- 
ciated conditions  rather  than  by  the  tobacco  poisoning. 

One  woman,  aged  70,  who  has  been  a  clironic  smoker  for  many  years  and 
who  has  marked  arteriosclerosis,  as.^^ociated  with  aortic  regurgitation,  had  a  sys- 
tolic pressure  of  170  mm.  and  a  dia.stolic  pressure  of  105  mm.  Hg.  'i'he  urine 
was  negative. 

Some  old  men  who  have  been  inveterate  smokers  nearlv  all  of  tluir  lives 
had  sy.stolic  pressures  from  IfJO  to  190  mm.  and  diastolic  pressures  ni  the 
eighties. 

It  IS  to  be  admitted  that  chronic  tobacco  poisoning  causes  a  decreased  blood 
pressure  in  many,  and  may  in  younger  men,  but  I  do  not  believe  it  to  be  the  gen- 
eral rule  in  these  aged  smokers. 
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DIASTOLIC    INDEX. 

Williams  and  ]\Ielvin^  state  that  "in  doing  blood  pressure  estimations  we 
find  it  desirable  to  determine  the  diastolic  index  while  the  armlet  pressure  is 
being  raised;  in  some  (rare)  cases  where  arm  compression  leads  to  a  marked  rise 
of  blood  pressure,  the  diastolic  reading  taken  with  a  rising  armlet  pressure  may 
differ  from  that  obtained  during  the  lowering  of  the  armlet  pressure  (after  de- 
termining the  systolic  index)  by  as  much  as  20  mm.  This  was  especially  the 
case  where  simultaneous  estimations  were  made  in  the  two  arms.  But  a  decided 
effect  was  sometimes  observed  when  only  one  was  tested.  Comparison  of  the 
diastolic  values  with  rising  and  falling  armlet  pressures  may  thus  give  important 
indications  of  the  liability  of  the  arterial  pressure  to  vary  in  an  abnormal  way, 
when  a  large  artery  is  closed,  as  in  the  process  of  systolic  estimation." 

This  effect  was  observed,  in  a  series  of  cases,  in  which  only  one  arm  was 
tested.  There  were  several  cases  of  marked  arteriosclerosis,  aortic  and  mitral 
regurgitation  and  one  of  aortic  stenosis  which  did  not  vary  in  this  way.  Neither 
did  any  case  of  cerebral  hemorrhage,  nephritis,  diabetes,  cancer  or  chronic  myo- 
carditis, although  many  observations  were  made  and  some  were  made  but  a 
short  time  before  death. 

A  variation  was  present  from  4  mm.  found  in  a  case  of  chronic  organic  heart 
disease,  to  16  mm.,  found  in  a  case  of  general  edema  (including  edema  of  the 
lungs).  Other  conditions  showing  such  variations  were  bronchial  asthma,  cardiac 
asthma,  marked  flatulence,  which  interfered  greatly  with  the  action  of  the  heart 
and  lungs,  and  one  case  where  the  opposite  arm  had  been  amputated. 

Some  cases  of  aortic  and  mitral  regurgitation  showed  this  but  others  did  not. 

One  woman,  aged  81,  with  a  slight  paralysis  as  a  result  of  a  previous  cere- 
bral hemorrhage,  had  an  aortic  regurgitation. 

The  rising  diastolic  pressure  was  100  and  the  falling  diastolic  pressure  was 
96  mm.  Hg.  This  variation  did  not  change  in  the  following  observations.  Shortly 
after,  decompensation  took  place  resulting  in  the  death  of  the  patient. 

A  man,  aged  83,  in  whom  there  was  no  difference  between  the  rising  and 
falling  diastolic  pressures,  died  of  cerebral  hemorrhage  and  right  hemiplegia. 

There  has  been  too  little  work  done  to  learn  just  what  the  diastolic  index 
would  indicate.  It  may  prove  to  be  of  great  value  especially  in  surgery  before 
amputation  of  a  limb. 

In  conclusion  I  wish  to  state  that  the  systolic  and  especially  the  diastolic 
pressures  should  be  studied  in  the  aged  to  aid  in  diagnoses  and  intelligent 
treatment. 
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SOME    RECENT  STUDIES  IN  THE  CHEMISTRY  OF  THE    CEREBRO- 
SPINAL FLUID 


By  Charles  E.  Kiely,  M.D.,  Cincinnati,  Ohio. 


WESTON^  has  made  a  very  careful  research  on  the  sugar  content  of  the 
blood  and  of  the  cerebrospinal  fluid  in  mental  diseases,  using  the  technic 
of  Meyer  and  Bailey.^  An  ample  amount  of  material  enhances  the  value  of  the 
work.  Twenty  cases  of  dementia  precox  were  examined ;  ten  cases  of  maniac 
depressive  psychosis ;  twenty  cases  of  general  paralysis ;  six  cases  of  epileptic 
psychosis;  and  nine  cases  of  imbecility.  The  research  leads  to  the  following 
conclusions : 

The  ratio  of  blood  to  spinal  fluid  sugar  varied  from  1  to  1.55  (in  epileptics) 
to  1  to  1.72  (in  paretics).  In  maniac  depressive  psychosis  the  average  blood 
sugar  content  was  0.1215  and  the  spinal  fluid  0.07n.  A  review  of  the  table 
shows  no  constant  difference  between  the  manic  and  the  depressed  stages.  In 
the  epilepsies  the  figures  were  respectively  0.1151  and  0.0740;  in  imbecility, 
0.1223  and  0.0723;  in  paresis  0.1140  and  0.0658;  in  dementia  precox,  0.0995  and 
0.0604.  This  last  is  a  disease  in  which  various  endocrine  glands  have  been  un- 
der suspicion,  and  the  sugar  content  of  the  tissues  might  be  an  important  factor 
in  the  discussion  were  the  normal  not  so  unsettled.  Weston  quotes  the  figures 
of  various  workers  compiled  by  Gettler  and  Baker. ^  Of  thirteen  observers  the 
lowest  minimum  is  0.04  and  the  highest  maximum  0.15, — a  variation  of  almost 
400  per  cent !  Pathological  sugar  values  cannot,  of  course,  be  predicated  when 
the  normal  is  so  uncertain.  The  general  average  of  all  Weston's  cases  was 
0.1145  for  the  blood,  and  0.0687  for  the  spinal  fluid.  The  sugar  content  of  the 
spinal  fluid  of  cases  of  paresis  treated  daily  with  inunctions  of  mercury  did  not 
differ  materially  from  that  of  untreated  cases, — the  figures  were  0.0725  and 
0.0718. 

Levinson*  attempted  to  investigate  the  reduction  of  alkalinity  of  patho- 
logical fluids.  His  technic  and  interpretations  are  open  to  very  serious  crit- 
icism, as  very  few  of  his  specimens  were  examined  within  a  reasonable  time 
after  withdrawal.  Moreover,  variations  on  standing  were  not  studied  in  the 
critical  period  which  would  surely  be  soon  after  they  were  taken  from  the  body. 
{  To  quote  verbatim  (p.  258)  :  "In  order  to  determine  the  change  in  alkalinity 
going  on  in  the  fluid  after  it  had  been  removed  from  the  body  different  portions 
of  the  same  fluid  were  i)ut  into  the  ice  box — some  of  the  tubes  being  plugged 
with  cotton  and  some  with  ordinary  corks.  As  was  natural  to  expect,  those 
fluids  exposed  to  air  increased  their  alkalinity  in  a  short  time.  Of  the  fluids 
contained  in  corked  tubes  some  showed  a  marked  increase  in  alkalinity,  others 
showed  hardly  any  increase.  Pathological  fluids  always  showed  an  increased 
alkalinity  on  standing."  Levin.son  then  tabulates  his  comparisons.  Some  fluids 
were  re-examined  several  months  after  their  withdrawal.  Two  showed  no  varia- 
I  tion  while  the  remainder  ranged  from  9  to  40  per  cent — averaging  12  per  cent. 
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For  this  reason  the  work  of  Levinson  seems  vitiated  as  his  tables  show  that  of 
55  fluids,  21  were  not  examined  even  the  same  day,  and  in  27  instances  there  is 
no  record  whatever  of  the  time  elapsing  between  withdrawal  and  examination. 
Concerning  the  relation  of  alkalinity  to  dextrose  content  Levinson  says :  "The 
lowesi  alkalinity  obtained  in  meningitis  still  showed  dextrose  to  the  amount  of 
0.08  which  is  a  normal  amount."  Weston's  table  compiled  from  six  authorities 
varies  from  0.046  to  0.080.  The  value  of  Levinson's  paper  is  further  impaired 
by  tabulating  "Insanity"'  as  a  diagnosis  in  a  great  many  of  his  mental  cases. 

A  third  contribution  to  neurological  chemistry  is  happily  one  of  accuracy 
.and  extreme  value.  Xuzum  and  Lecount^  determined  the  hydration  capacity 
of  the  brain  in  delirium  tremens  as  compared  with  .other  pathological  conditions 
and  with  the  normal.  Essentially  the  work  is  a  test  of  the  theory  of  edema 
elaborated  by  Martin  Fischer;*^  i.e.,  that  the  human  tissues,  being  hydrophilic 
colloids,  absorb  and  retain  water  in  proportion  to  their  degree  of  acidosis.  In 
bold  outline  their  thesis  is  that  alcohol  which  is  a  narcotic  diminishes  oxygen- 
ation in  the  cerebral  tissues,  producing  thereby  an  acidosis  so  that  free  water  is 
absorbed  and  the  condition  we  call  edema  exists;  Nuzum  and  Lecount  ofifer 
copious  material  carefully  tabulated,  and  with  aniple  controls.  Their  technic 
was  to  immerse  pieces  of  brain  tissue  from  cases  of  alcoholic  delirium  in  dis- 
tilled water  for  48  hours  and  estimate  by  weighing  the  amount  of  water  ab- 
sorbed. In  all  cases  the  time  elapsing  after  death  is  carefully  tabulated.  The 
figures  for  delirium  tremens  are  compared  with  those  from  cases  of  other  kinds, 
six  of  whom  died  suddenly.  These  last  are  used  as  instances  in  which  acidosis 
could  not  occur,  but  one  at  least  is  open  to  criticism  as  the  cause  of  death  is 
given  as  asphyxia — a  condition  in  which  acidosis  should  develop  very  rapidly. 
The  only  serious  objection  to  their  conclusions — the  possibility  that  they  are 
only  registering  a  postmortem  acidosis — is  met  by  control  experiments  on  both 
normal  and  alcoholic  rabbit  l)rains  tested  soon  after  death  with  results  confirma- 
tory of  the  figures  for  the  human.  It  is  to  be  noted  that  in  neither  the  human 
nor  the  rabbit  tissue  was  there  invariably  a  gross  edema. 

Specifically  their  results  were  as  follows :  40  cases  of  general  disease  ex- 
amined an  average  of  21.3  hours  after  death  showed  an  average  gain  of  water, 
by.  weight,  of  64.5  per  cent;  6  cases  of  sudden  death  examined  an  average  of 
24  hours  after  death  gave  the  same  figure — the  consonance  supporting  these  two 
tables  as  normal.  In  support  of  Fischer's  claims  it  is  to  be  noted  that  the 
highest  figures  were  obtained  in  such  cases  as  theoretically  should  exhibit  acidosis, 
i.e.,  morphinism  84  per  cent,  cerebral  hemorrhage  74.3  per  cent,  cerebral  em- 
bolism 73.5  per  cent,  and  uremia  71  per  cent. 

Coming  to  the  principal  point  of  the  paper,  we  find  that  20  alcoholic  brains 
examined  an  average  of  21.1  hours  after  death  showed  an  increase  of  70  per 
cent;  brains  of  five  rabbits  chronically  alcoholic,  but  not  reproducing  any  pic- 
ture like  a  tremulous  delirium  examined  ah  average  of  8  hours  after  death  gave 
an  average  of  78.9  per  cent;  control  rabbits  gave  only  70  per  cent. 

This  article  by  Xuzum  and  Lecount  is  followed  immediately  by  that  of  i 
Hogan.'  recording  the  results  of  treating  delirium  tremens  as  an  acute  acidosis  ' 
of  the  braiiL     The  results  are  a  confirmation  of  this  hypothesis. 
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SPLENOMEGALIA— AUTOPSY   REPORT 


By  John  W.  Shumax,  M.D.,  Sioux  City,  Iowa. 


THIS  autopsy  is  reported  on  account  of  the  enormous  size  and  weight  of  the 
spleen.  The  clinical  diagnosis  was  myelogenous  leukemia  on  account  of 
the  blood  picture,  accompanied  by  marked  splenic  enlargement.  Through  the 
courtesy  of  Dr.  Geo.  S.  Browning  who  had  treated  the  case  with  roentgen 
therapy  I  held  the  postmortem. 


Fig.    1.— Right  latLi;,; 


if   5]jln:n,   showing    nica^urcnicnts    6x13^2    inches   and    the    notch. 


I'ig.   2. — Left   laliral    view. 


Autopsy  No.  231,  held  Xovemhcr  15,  1916,  at  8  I'.M.  upon  an  emaciated  male  body, 
v/cight  125  pounds,  heiKht  5  feet  and  10  inches,  ai)i)arent  n^c  30  years.  Ki^or  mortis  slight 
(death  eight  hours  prior),  l^sual  incision.  Subcutaneous  fat  absent.  Muscles  pale  and 
flabby,    also    bloodless.      Abdomen    tilled    witli    embalmini^    tlnid       I.iver    at    coital    margin. 
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Liver  appendages  negative.  Small  and  large  intestines  distended.  Stomach  flaccid.  Ap- 
pendix without  change. 

Spleen  greatly  enlarged ;  removed  with  diflficulty  on  account  of  many  dense  adhesions 
all  over  it.  The  upper  end  of  this  organ  was  at  the  left  fifth  interspace,  while  the  lower 
end  rested  upon  the  floor  of  the  pelvis.    The  spleen  occupied  the  whole  of  the  left  abdomen. 

The  stomach  opened;  the  whole  of  the  mucous  membrane  showed  pinhead-sized 
hemorrhagic   spots.     The   mucous    membrane   of   the   lower   ileum   and   that   of   the   colon 


Fig. 


-Cross  section  through   thickest  portion. 


evidenced  the  same.     Kidneys  and  other  intraabdominal  organs  evidenced  no  macroscopic 
pathological  change.     Heart  and  lungs  showed  no  gross  pathology. 

SPLEEN    TUMOR. 

The  appearance  of  the  spleen  was  a  bluish-red  with  many  stellate  whitish  areas  over 
its  whole  surface,  especially  the  anterior.  It  cut  with  great  resistance.  The  cut  surface 
was  unusually  dry  and  the  normal  acinous  picture  was  obliterated.  Many  bands  of  dense 
scar  tissue  were  visible  (Fig.  3).  The  measurements  of  the  spleen  were  13^  by  6  by  5^ 
inches   (Figs.  1  and  2).     Its  weight  was  9  pounds. 

Sections  made  and  stained  by  Dr.  W,  G.  Rowley  showed  myeloid  transformation. 
The  entire  pulp  and  follicles  were  transformed  into  myelocytes    (myeloish). 


A  QUANTITATIVE  SEPARATION  OF  HEROIN  FROM  ORGANS^ 


By  Wm.  D.  McNai^IvY,  A.B.,  Chicago,  III. 


THE  usual  methods  used  for  the  detection  of  morphine  fail  to  show  the  pres* 
ence  of  heroin.  A  number  of  experiments  v/ere  performed  to  determine  the 
reason  for  certain  extracts  obtained  in  the  two  above  cases  giving  the  tests  for 
morphine.  To  demonstrate  that  the  normal  hydrochloric  acid  of  the  stomach 
did  not  cause  a  deacetylization  of  the  heroin,  I  added  2  c.c.  of  a  .2  per  cent  hydro- 
chloric acid,  to  five  samples  of  heroin  hydrochloride,  and  2  c.c.  of  .46  per  cent 
HCl,  to  three  samples,  each  containing  .1  gram  of  heroin  hydrochloride.  The 
eight  samples  with  two  blanks  containing  the  same  amount  of  acid  were  placed 
in  an  incubator  at  98.8°  F.  for  two  hours.  The  samples  were  then  titrated  with 
N/20  NaOH.  The  amount  necessary  to  neutralize  the  blank  was  deducted  from 
the  cubic  centimeters  of  N/20  NaOH  used  in  titrating  the  .1  gram  sample  of 
heroin  hydrochloride,  in  the  .2  per  cent  and  .46  per  cent  HCl,  and  the  HCl  found 
was  equivalent  to  the  acid  combined  with  the  heroin.  (Diacetylmorphine  hydro- 
chloride, C,,H,,(O.C3H30)20N  .HCl-fHoO=423.68.)  The  acid  ether  extracts 
of  the  samples  titrated  failed  to  give  a  red  color  with  Million's  reagent,  showing 
absence  of  phenolic  hydroxyl  group.  The  alkaloid  recovered  responded  to  tests 
for  heroin,  giving  a  melting  point  of  170°  C. 

Table  I. 


REAGENT 

MORPHINE 

MONOACETYLMOR- 

DIACETYLMORPHINE 

PHINE 

(heroin) 

Froehde's 

Violet   color,    fad- 

Violet, changing 

Crimson    purple,    gradually 

ing      to      bluish 

quickly  to  a  blue. 

changing  to  blue 

green 

fading  to  a  yel- 
low 

Marquis' 

Deep  purple 

Purple    soon    fad- 

Brilliant violet  soon  fading, 

ing 

addition  of  water  changes 
to  yellow 

Mandelin's 

Yellow,    faint   vio- 

Pale violet   fading 

Pale     violet,     changing     to 

let     turning     to 

to  slate  color 

pink,  gradually  fading 

slate  color. 

Iodic  Acid 

Easily  reduced 

Easily  reduced 

Not  reduced 

Pellagri's* 

Violet,  emerald 

Same  as  for  mor- 

Responds same  as  for  mor- 

green   on    addi- 

phine 

phine 

tion     of     dilute 

tincture     of    io- 

dine 

Goldsmith's  Test 

Negative 

Positive 

Odor  of  acetic  ester 

Denige's   Test 

Positive 

Positive 

Positive 

Modified** 

Nitric   .\cid 

Orange  red  chang- 

.Same     color      as 

Dissolves    alkaloid    with    n 

ing    to    yellow 

morphine 

yellow  color,  changing  on 

Ferric   Chloride  Blue  color  No  color 

Prussian  Blue  Testt      Deep  blue  color  Deep  blue  color 

■|"roni  the  Cook  County  Coroner's  I,.-iljor.-il(pry,   Chicago. 


standing  to  a  greenish 
blue,  fades  to  yellow.  The 
reaction  is  hastened  by 
gentle  heat 

Xo  color 

No  color,  upon  standing,  a 
blue  will  appear 
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Table  I    (Cont'd). 


REAGENT 


MORPHINE 


MONOACETYLMOR- 
PHINE 


diacetylmorphine 
(heroin) 


Urotropin  and  Sul-       Purple 
phuric  AcidtT 


Purple 


Chloral     Hydrate 

and    Sulphuric 

Acid 

Platinic  Chloride 

Amorphous     p  r  e- 

Amorphous  precip 

cipitate    • 

itate 

Dichromate      and 

Greenish    gray    to 

Sulphuric  Acid 

dirty  green 

Wagner's 

Precipitate     seen 

Dilutions  1  to 

under  the  micro- 

100,000 

scoi)e 

Melting  Point 

230°  C. 

187°   C. 

Golden  yellow  color,  chang- 
ing to  saffron  yellow,  fi- 
nally blue 

Yellow.  Codein  will  give 
deep  green 

Crystals  in  form  of  a  burr, 
from  dilutions  of  1  to 
100.     (See  Figs.  1  and  2.) 

Flesh  color  momentarily 

Gives  a  precipitate  1  to 
100,000,  easily  seen  under 
AA  objective 

171°  C. 


*Pellagri's   Reaction:      Gazz.    Chim.    itaL,    1877,   vii,   297;    Witthaus    &    Becker,    1911,   iv,   989. 

To  the  solid  substance  dissolved  in  hydrochloric  acid,  add  a  few  drops  of  sulphuric  acid,  Sp.  Gr.  1.84, 
heat  to  expel  the  hydrochloric  acid,  temjierature  about  110°  C.  In  the  presence  of  morphine,  codein,  apo- 
morphine,  and  heroin,  the  residue  is  reddish  violet.  Cool,  take  up  with  a  few  drops  of  hydrochloric  acid 
(1  to  5  dilution);  a  bright  cherry  red  color  is  produced.  Neutralize  with  sodium  bicarbonate,  added  in 
powdered  form.  A  smoky  green'  is  noticed  as  the  point  of  neutralization  is  reached.  Add  a  drop  of  very 
dilute  alcoholic  solution  of  iodine;  a  brilliant  green  color  is  obtained.  The  pigment  is  soluble  in  ether 
forming  a  purple  solution. 

Goldsmith's  test,  dissolve  the  alkaloid  in  alcohol  in  a  small  test  tube,  add  a  drop  of  sulphuric  acid; 
gentle. heat  will   give  odor  of  acetic   ester. 

**Denige's  Test:     Conipt.  rend.  Acad.  d.  sc,  1910,  cli,  1062;  Jour.  Am.  Med.  Assn.,  Aug.  8,  1914,  513. 

To  a  solution  of  morphine,  add  a  few  mils  of  H2O21  and  a  drop  of  strong  ammonia.  The  solution  is 
then  stirred  with  a  piece  of  copper  wire,  the  solution  becomes  deep  port  wine  tint.  Delicate  to  .00002  gram 
of  morphine.  If  the  blue  color  formed  masks  the  red  tint,  add  a  few  drops  of  KCN  solution  at  the  end 
of  the  reaction. 

tPrussian  Blue  Test:     U.  S.  P.,  IX,  130. 

ttUrotropin  Test:     Allen's  Commercial  Organic  Analysis,  1912,  vi,  389. 


EXPERIMENTAL    WORK    WITH    ANIMALS. 


LAB.  NO. 


ANIMAL 


WEIGHT  IN  GRAMS 


DOSE  PER  KILOGRAM 


1234 

1235 


Rabbit 


2100 
1821 


.15 
.05 


Rabbit  No.  1235  became  drowsy,  after  two  hours  appeared  normal. 

Rabbit  No.  1234  after  receiving  the  heroin  hydrochloride,  stretched  out 
the  hind  extremities,  then  the  front.  The  head  was  pulled  back,  short  convul- 
sive movements  were  noticed,  which  resembled  those  due  to  strychnine,  but 
external  stimuli  failed  to  produce  convulsions.  The  rabbit  died  in  tetanic  con- 
vulsions, from  failure  of  respiration,  five  minutes  after  receiving  the  heroin 
hydrochloride. 

The  analysis  of  the  organs  of  this  rabbit  (1234),  and  the  organs  of  a  dog 
poisoned  with  heroin  hydrochloride  are  given  in  Table  II. 

Table  II. 


LAB.  NO.  1234 


LAB.  NO.  1598 


Brain 

., 

Heart  and  blood 

Lungs  and  blood 

Stomach  and  contents 

.0369 

Intestines 

.0193 

Liver 

.0085 

Kidneys 

Bladder  and  urine 

.0006 

Trace 

.0120 

.0072 

.0296 

.0116 

.0284 

.0162 

.0071 
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The  heroin  was  separated  from  the  animal  tissues  in  the  case  of  No.  1234, 
by  the  method  given  for  morphine  by  Peterson  and  Haines,^  the  alkaloid  giving 
all  of  the  tests  for  morphine.  The  alkaloid  from  the  stomach  gave  a  weak  test 
for  the  acetyl  radical.  From  analysis  of  No.  1234,  it  would  appear  that  a  de- 
acetylization  had  taken  place  in  each  of  the  organs  examined.  To  a  sample  of 
81  grams  of  fresh  liver,  heart,  and  spleen  from  a  rabbit,  was  added  .1  gram  of 
heroin  hydrochloride.  The  sample  was  kept  in  an  incubator  for  three  hours 
and  the  alkaloid  separated  as  in  sample  No.  1234.  The  alkaloid  separated  gave 
all  the  tests  for  morphine. 

Three  samples  of  100  grams  each  of  human  liver,  containing  .005  grams 
of  heroin  Hydrochloride,  were  acidified  with  acetic,  tartaric,  and  sulphuric  acids 
respectively.  The  first  sample  was  extracted  with  50  per  cent  alcohol,  the  sec- 
ond with  25  per  cent  alcohol,  and  the  third  with  water.  The  first  two  samples 
were  carried  through  a  process  similar  to  that  used  in  sample  No.  1234,  the 
third  was  extracted  by  a  method  suggested  to  me  by  Prof.  John  Uri  Lloyd.-  The 
alkaloid  extracted  from  each  sample  responded  to  all  the  tests  for  morphine.  This 
demonstrated  that  the  method  of  extraction  and  separation  of  the  alkaloid  was 
responsible  for  obtaining  morphine. 

As  a  result  of  the  above  and  other  experiments,  I  present  the  following 
method  for  the  extraction  of  heroin,  which  entails  but  little  decomposition  and 
loss  of  the  alkaloid.  The  principle  involved  is  the  use  of  a  weak  acid,  a  low  tem- 
perature, and  the  precipitation  of  the  alkaloid  by  a  hvdrated  aluminum  silicate 
(Alcresta). 

METHOD   FOR   SEPARATION   OF   HEROIN. 

Extract  the  alkaloid  from  the  suspected  tissue  by  successive  portions  of 
50  per  cent  alcohol  acidified  with  a  few  drops  of  10  per  cent  tartaric  acid. 
Keep  the  temperature  of  the  samples  close  to  50°  C.  Allow  the  combined 
extractions  to  remain  in  a  cool  place  until  the  fat  separates.  The  fat  is  sepa- 
rated in  a  separatory  funnel,  washed  with  acidified  water,  and  the  washings 
added  to  the  main  extractions.  If  the  sample  is  allowed  to  stand  overnight, 
considerable  extraneous  material  settles  to  the  bottom  of  the  flask  and  can  be 
removed  by  filtration,  washing  the  filtrate,  with  50  per  cent  alcohol. 

The   alcoholic   extractions   are   evaporated   under   diminished  pressure,   the 

i    water  bath  being  kept  well  under  the  boiling  point.     The  pasty  residue  is  taken 

j    up  with  a  little  cold  acidified  water,  and  the  extraneous  matter  filtered  off.     The 

I    filtrate  is  allowed  to  filter  into  95  per  cent  alcohol;  the  protein  substances  (albu- 

{   min,  albumoses,  peptones)    and  other  impurities  become  granular  on   standing. 

and  are   easily   filtered   off.     The   alcohol   is   evaporated   oft'   under   diminished 

pressure,  until  the  liquid  in  the  distilling  flask  amounts  to  about  20  mils.     This 

residue  is  taken  up  with  cold  water,  acidified   with  tartaric  acid,   and  fiUcrod. 

To  the  filtrate  is  added  one  gram  of  "alcresta."    The  "alcresta"  is  filtered  off  and 

the  liquid  tested  for  alkaloid.     More  of  the  alcresta  is  added  in  case  the  first 

portion  does  not  remove  all  of  the  alkaloid. 

The  alcresta  containing  the  alkaloid  is  transferred  to  a  glass  separatory 
funnel  and  extracted  with  successive  portions  of  ammoniatcd  chloroform. 

The  chloroform  is  evaporated,  leaving  the  alkaloid  free,  as  a  residue.  If 
iiny  fat  accompanies  the  alkaloid,  dissolve  the  residue  in  a  .3  per  cent  hydrochloric 
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acid,  filter  and  re-extract.  The  alkaloid  is  weighed  and  after  testing  for  heroin, 
with  the  color  reactions  (Table  I),  the  purity  can  be  further  substantiated  by 
volumetric  methods,  melting  point  of  the  double  platinum  salt,  and  the  crystal- 
line appearance  of  the  platinum  salt. 

The  temperature  must  be  kept  low,  during  extraction  and  evaporation, 
avoiding  the  use  of  sulphuric  acid,  otherwise  the  toxicological  examination 
will  show  that  morphine  or  one  of  its  derivatives  had  been  taken,  and  fail 
entirely  to  show  heroin. 

Table  III  shows  the  analysis  of  the  organs  of  dogs  poisoned  with  heroin 
hydrochloride,  giving  the  amount,  in  grams,  of  the  alkaloid  recovered. 


Table  III. 

ORGAN 

LAB.  NO..   1798 

LAB.  NO.;  1799 

LAB.  NO.  2077 

LAB.  NO.  2078 

Brain 

None 

Trace 

None 

None 

Heart 

Trace     [ 

.0008  1 

.0018 

.0023 

Lungs 

None 

None 

Blood 

.0414 

.0257 

.0044 

.0029 

Stomach   and   contents 

.0561 

.1011 

.3574 

.0835 

Intestines 

.0236 

.    .0481 

.0613 

.0187 

Liver 

.0112 

.0590 

.0042 

.0078 

Kidneys 

.0042 

.0075 

.0299 

.0077 

Uterus 

Trace 

Urine  and  bladder 

.0411 

.0508 

Spleen 

Trace 

Trace 

.0005 

.0056 

Total  recovered 

.1365 

.2422 

.5006 

.1793 

In  the  above  cases  where  only  a  trace  of  alkaloid  was  found,  the  tests  were 
characteristic  for  morphine.  The  alkaloid  extracted  from  the  liver  and  in- 
testines in  all  the  cases  gave  a  blue  with  ferric  chloride.  The  blood  in  No. 
2078  did  not  give  the  ferric  chloride  or  Prussian  blue  reactions.  In  tests  where 
concentrated  sulphuric  acid  is  used,  as  in  Husemann's,  Froehde's,  Marquis', 
Mecke's  reagents,  and  also  in  Pellagri's  method  there  is  no  sharp  difil:ej"ence 
between  heroin  and  morphine.  The  free  base  forms  white  prisms  of  an  alkaline 
reaction,  having  a  strong  bitter  taste.  The  crystals  melt  at  171°  C,  beginning 
to  turn  brown  at  about  165°  C.  In  water  heroin  is  nearly  insoluble,  difficultly 
soluble  in  ether  and  cold  alcohol,  very  easily  soluble  in  hot  alcohol,  chloroform, 
and  benzol.  The  free  base  is  precipitated  from  solutions  by  ammonia,  sodium 
carbonate,  and  caustic  alkali,  soluble  in  excess  of  the  reagent.  A  solution  of 
heroin  in  .5  per  cent  HCl  forms  the  double  platinum  salt^  on  the  addition  of 
platinic  chloride,  this  is  at  first  amorphous,  then  assumes  the  crystalline  form 
like  a  burr  (Figs.  1  and  2)  melting  point  223°  C.  with  decomposition.  The  hydro- 
chloride melts  at  230°  C.  Gold  chloride  gives  an  amorphous  salt  when  added 
to  a  solution  of  heroin  hydrochloride,  the  salt  forming  in  coalescent  globules. 
According  to  Danckwortt  and  Wright,"  the  heating  of  a  water  solution  of 
heroin  splits  ofl:'  an  acetyl  group,  and  there  remains  monoacetylmorphine. 

In  the  quantitative  work  all  the  extracts  were  repeatedly  purified  (which 
entailed  a  loss  at  each  purification),  weighed,  and  checked  with  the  volumetric 
method  of  Elvove,*  only  a  lower  temperature  was  used  in  volatilizing  the  free 
acid.     Gordin's  method  gave  lower  results  than  the  Elvove  method.     The  color- 
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Fig.   1. — Crystals  in  form  of  burr,  from  Heroin  Hydrochloride,  and   Platinic  Chloride.     Dilutions  of   1  to  100. 


Fig.  2.— Crystals  in   form   of   hurr.   from    I'lalinic   Chloriik-   and    lUiuui    llydi  .k  hloi  i.U-.      Dilution.s    1    to    100. 
Crystals  appearing   in   two   minutes.      At   greater   dilutions  a   longer   lime   is   necessary. 
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imetric  method'  did  not  give  satisfactory  results,  as  with  known  solutions  more 
alkaloid  was  found  than  was  actually  weighed  out.  In  most  all  of  the  extrac- 
tions a  brown  resinous  product  was  obtained,  in  only  one  instance  was  a  crystal- 
line residue  obtained.  Langer'^''  extracted  the  urine  of  a  dog  with  benzene,  filtered 
the  benzene,  obtained  in  the  residue  after  evaporation,  heroin  with  a  melting 
point  of  168°  C.  In  the  feces  of  dogs  given  heroin,  intravenously,  Langer  ob- 
tained morphine.  The  method  used  undoubtedly  caused  a  deacetylization  of 
the  heroin,  as  the  feces  was  dried,  disintegrated,  heated  with  alcohol  for  twelve 
hours,  filtered,  the  filtrate  evaporated,  taken  up  with  hydrochloric  acid  made 
alkaline  with  ammonia,  and  extracted   for  24  hours  with  benzol. 

I  wish  to  express  my  indebtedness  to  Prof.  W.  S.  Haines  and  Dr.  John  A. 
Wesener,  for  helpful  suggestions  and  assistance  in  preparing  this  paper. 

BIBLIOGRAPHY. 

iPeterson  and  Haines:     Text  Book  of  Legal  Medicine  and  Toxicology,   1907,  ii,  503. 
-Lloyd,  John  Uri :     Personal  communication  : 

"Extract  the  alkaloid  from  the  suspected  tissues  by  successive  extractions  with  dilute 
sulphuric  acid.  Add  to  the  mixed  filtrates  'alcresta'  (Lloyd's  Reagent  a  form  of  hydrated 
aluminum  silicate  obtained  from  fuller's  earth).  Filter  the  mixture,  collecting  the  alcresta, 
which  is  extracted  for  the  alkaloid."  This  method  did  not  remove  the  alkaloid  completely, 
the  extracts  from  the  tissues  carrying  too  large  an  amount  of  extraneous  material.  This 
method  was  used  on  a  sample  of  urine  acidified  with  tartaric  acid,  the  heroin  being  re- 
covered unchanged. 

sDanckwortt :     Arch.  f.  Pharm..  1890,  ccxxviii.  572. 
Wright:     Jour.   Chem.   Soc,   London,    1880,  xxxvii,   610;    Ibid.,    1874,  xxvii,    1031;    Ibid., 

1875,  xxviii,  15,  312,  689;  Ibid.,  1876,  xxix,  652. 
*Elvove:     Hygienic  Laboratory  Bulletin,  No.  54,  July,  1909. 
'•Miller:     Am.  Jour.  Pharm.,  1915,  Ixxxyii,  248. 
•^Langer:     Biochem.  Ztschr.,  1912,  xlv.  221. 


PREPARATION  OF  PROTEIN  EXTRACTS  FOR  DIAGNOSTIC 
CUTANEOUS  TESTS* 

By  Newell  S.  Ferry,  M.D.,  Detroit,  ]\Iich. 

SO  much  work  is  being  carried  on  at  the  present  time  from  a  cHnical  stand- 
point, relative  to  anaphylactic  skin  reactions  with  various  protein  extracts, 
including  the  food,  plant,  pollen  and  microorganismal,  that  it  has  become  an 
important  and,  in  some  respects,  a  serious  question  as  to  the  most  practical 
form  in  which  to  present  them.  This  includes  the  best  method  of  extracting  the 
crude  material,  so  that  all  of  the  available  proteins  are,  according  to  Goodale^ 
"in  the  form  in  which  they  exist  when  exciting  symptoms,"  the  most  stable 
form  in  which  to  preserve  them,  and  the  most  suitable  and  appropriate  state  in 
which  to  exhibit  them  for  administration. 

If  the  cutaneous  method  of  diagnosticating  the  sensitizations  to  various 
proteins  is  to  become  of  general  clinical  use,  taking  its  place  by  the  side  of  the 
tuberculin,  the  luetin  and  other  tests,  it  is  evident  that  the  present  forms  in 
which  the  proteins  are  found  should  be  modified. 

In  preparing  protein  extracts  for  use  other  than  experimental,  several  things 
must  be  taken  into  consideration.  The  material,  as  has  previously  been  men- 
tioned, must  be  extracted  in  such  a  manner  as  to  retain  all  of  the  proteins  of  the 
foods,  plants,  and  pollen  in  an  available  concentrated  state;  the  extract  must  be 
preserved  from  deterioration  due  to  heat,  chemical  action,  and  bacterial  con- 
tamination, and  should  be  so  mixed  with  a  nonirritating  soluble  diluent  that  it 
can  be  used  directly  by  the  diagnostician. 

There  seems  to  be  no  dissenting  opinion  as  to  the  Aalue  of  water  as  an 
extractive,  all  authorities  agreeing  that  the  large  majority  of  proteins  are  per- 
fectly soluble  in  water,  although  it  is  recognized  that  such  extracts  are  extremely 
liable  to  deterioration.  To  insure  stability  of  the  aqueous  extracts,  especially 
toward  microorganismal  contamination,  which  appears  to  be  the  most  destruc- 
tive influence,  various  preservatives  are  used  and  good  results  have  been  re- 
ported from  all  of  them.  Those  most  frequently  employed  are  alcohol,  glycerin 
and  the  phenols. 

Goodale  advises  the  use  of  alcohol  in  from  12  per  cent  to  15  per  cent  dilu- 
tion, as  he  believes  it  best  preserves  the  anaphylactogenic  properties  ot  pollen 
and  other  protein  extracts.  He  found,  however,  that  the  pollen  solutions  con- 
tained one  unstable  alljumen  and  a  relatively  stable  proteose,  the  former  lieing 
readily  coagulated  by  exposure  to  air.  The  proteose,  on  the  contrary,  suffers 
but  little,  and  will  endure  boiling  without  ])reci])itation.  These  alcoholic  extracts 
according  to  Goodale,  "should  be  kept  as  far  as  possible  from  exposure  to  air, 
and  if  in  the  older  extracts  cloudiness  occurs,  it  should  not  be  tiitered.  as  thereby 
the  albumen  would  be  removed,  lea\ing  only  the  proteose  in  solution."  It  is 
very  evident,  if  alcohol  has  such  an  effect  upon  ])rotein  extracts,  that  some  other 
preservative  would  be  more  acceptable  es[)ecially  when  it  is  desired  t<»  use  the 
extracts  in  ai^  ariueous  form. 

•From   the   Koscarch   r.al)oratory   of   Parlce,   Davis  &■   Co.,   Detroit,    Mich. 
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Several  experimenters  have  obtained  satisfactory  results  with  carbolic  acid 
or  trikresol  and  it  would  seem  that  these  preservatives  would  be  more  satis- 
factory than  alcohol,  as  they  not  only  will  prevent  bacterial  contamination,  but, 
in  the  small  amount  in  which  they  are  used,  have  not  a  deleterious  action  upon 
the  proteins  themselves.  Carbolic  acid  and  trikresol,  or  alcohol  for  that  mat- 
ter, are  not  ideal  preservatives  as  the  extracts  in  which  they  are  used  can  not 
be  applied  to  sensitive  surfaces,  such  as  the  conjunctiva,  on  account  of  their 
painfully  irritating  action.  To  overcome  this,  H.  C.  Hamilton  of  this  laboratory, 
has  suggested  an  oil  of  high  coefficiency  which  the  writer  has  found  best  suited 
for  this  purpose,  as  it  can  be  used  in  a  dilution  absolutely  nonirritating  to  the 
most  sensitive  surfaces  and  still  retain  a  germicidal  action  equivalent  to  either  of 
the  other  phenols  or  the  alcohol. 

As  to  the  methods  of  preparing  extracts  for  presentation  in  the  most  prac- 
tical form,  several  suggestions  have  been  offered.  The  most  feasible,  up  to  the 
present  time,  depends  upon  either  a  direct  drying  of  the  aqueous  extract  or  a 
precipitation  of  the  proteins  with  alcohol  or  acetone,  followed  by  a  vacuum 
desiccation  of  the  precipitate.  Woodhouse-  has  published  a  method  of  preparing 
desiccated  extracts  which  so  far  has  given  favorable  results.  The  aqueous  ex- 
tract is  obtained  either  from  cooked  (according  to  method  of  Goodale)  or  un- 
cooked foods,  and  evaporated,  if  possible,  to  dryness.  The  residue  is  dissolved 
in  sufficient  water  and  precipitated  by  three  or  four  volumes  of  95  per  cent 
alcohol.  The  precipitate  is  then  centrifuged  and  washed  several  times  with  95 
per  cent  alcohol,  absolute  alcohol,  and  then  ether,  and  finally  dried  over  sul- 
phuric acid.  According  to  Woodhouse,  it  was  necessary  to  deviate  from  this 
general  plan  by  precipitating  with  a  mixture  of  acetone  and  ether  instead  of 
95  per  cent  alcohol.  These  methods  are  not  entirely  satisfactory  as  the  desic- 
cated powder  is  not  always  completely  soluble  in  water  and  the  more  the  de- 
hydration is  delayed,  the  more  insoluble  becomes  the  residue. 

Baker  and  Floyd^  have  also  proposed  a  method  of  desiccating  the  protein 
extracts,  especially  bacterial  extracts,  which  depends  upon  keeping  the  extract 
at  a  constant  temperature  of  40°  C.  with  a  water  bath  while  rapid  evaporation 
is  produced  by  means  of  a  current  of  air  from  an  electric  fan  directly  over  the 
suspension.  This  well-known  method  of  evaporation  is  always  reliable  and  can 
be  used  in  any  laboratory  although  the  material  must  be  well  fortified  against 
bacterial  contamination.  After  the  extract  has  been  reduced  to  a  powdered 
form,  it  is  made  into  a  suspension  with  glycerin  in  the  proportion  of  10  mgs. 
of  the  powder  to  1  c.c.  of  glycerin.  The  authors  have  this  to  say  concerning  their 
mixture:  ''One  or  two  drops  of  this  preparation  are  used  for  a  test.  If  the  pow- 
der is  applied  to  the  skin  directly,  a  constant  standard  can  not  be  established 
or  a  sterile  preparation  can  not  be  vouched  for.  The  glycerinated  preparation 
insures,  with  ordinary  care,  a  sterile  preparation  and  a  constant  strength,  thus 
establishing  a  standard." 

After  trying  out  several  of  the  most  promising  of  the  above  methods  of 
preparing  extracts,  the  writer  has  found  no  one  of  them  entirely  satisfactor>-, 
the  greatest  fault  being  that  they  take  up  too  much  time  to  apply;  this  is  quite 
an  essential  point  when  patients  are  to  be  tested  with  a  large  number  of  extracts. 

The    following    method    has    been    employed    by    the    writer     (the    clin- 
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ical  application  of  these  extracts  to  be  published  later)  during  the  past  year 
and  it  has  been  found  most  satisfactory  as  the  extracts  are  better  preserved  from 
deterioration  and  are  in  a  form  more  convenient  to  use  than  any  heretofore 
described.  The  protein  is  first  extracted  from  the  fresh  or  dried  material  with 
sterile  water  containing  just  enough  of  the  previously  mentioned  highly  coeffi- 
cient oil  to  act  as  a  preservative.  To  this  aqueous  extract  is  added  enough 
glycerin  so  that  when  the  solution  is  evaporated  (any  one  of  the  several  methods 
of  evaporating  may  be  used)  the  final  amount  of  extract  will  be  in  a  quantity 
sufficient  to  produce  a  standard  previously  decided  upon.  To  this  glycerin  ex- 
tract is  added  a  sufficient  amount  of  finely  ground  boric  acid  powder  in  a  mortar 
to  make  a  rather  heavy  paste.  For  convenience  the  author  has  had  this  paste 
put  up  in  the  ordinary  small  collapsible  tubes,  pressing  out  just  the  amount  nec- 
essary' for  each  test. 

In  applying  the  paste,  the  following  simple  and  convenient  procedure  was 
suggested  and  has  since  been  used  to  the  exclusion  of  all  others.  Take  upon 
the  end  of  a  sterile  wooden  toothpick  just  enough  of  the  paste  for  a  test,  rub- 
bing the  paste  into  the  scarification  with  the  toothpick,  which  is  then  to  be 
discarded. 

The  advantage  of  this  method  of  preparing  the  various  protein  extracts 
and  presenting  them  for  administration  lies  in  the  fact  that  the  crude  material 
is  first  extracted  with  water,  thus  assuring  the  presence  of  all  available  proteins ; 
the  extract,  which  can  be  accurately  standardized,  is  well  preserved  from  de- 
terioration, especially  bacterial  contamination,  and  is  in  a  form  suitable  for 
instant  use.  The  paste  is  perfectly  miscible  with,  and  soluT)le  in.  the  body  fluids 
or  in  water,  is  not  an  irritant  in  itself,  and  can  be  used  repeatedly  either  with 
or  without  the  collapsible  tube  with  practically  no  chance  of  contamination. 

If  it  is  preferred  to  obtain  the  proteins  in  a  desiccated  form,  according 
to  the  method  of  \\'oodhouse  and  others,  they  can  be  applied  in  the  paste  form 
by  simply  making  a  heavy  suspension  of  the  powder  in  the  glycerin  before  mix- 
ing with  the  boric  acid  or  by  mixing  the  powder  directly  with  the  boric  acid. 
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STUDIES  OF  COMPLEMENT:  RELATION  TO  CERTAIN  TESTS* 

By  Xormax  E.  Williamson,  M.D.,  Stockton,  Calif. 

IT  seemed  necessary  to  determine  the  value  of  human  complement  for  its  rela- 
tion to  the  author's  modification'^  of  the  Xoguchi,  and  to  the  Hecht-Weinberg-- 
Gradwohh"'  Test. 

The  first  essential  to  any  accurate  study  is  an  exact  value  for  the  factors  con- 
cerned in  hemolysis.     I  would  state  the  present  idea  of  those  values  as  follows : 

A  measured  amount  of  cells.  An  amount  of  amboceptor  just  capable  of 
hemolyzing  these  cells  in  the  presence  of  a  measured  amount  of  complement 
obtained  by  pooling  the  serum  of  two  or  more  guinea  pigs.  Such  a  conception 
lacks  scientific  accuracy,  though  for  practical  purposes  it  is  sufficient  for  the 
performance  of  complement  fixation  tests. 

The  strength  of  guinea  pig  serum  has  in  my  experience  varied  from  0.013 
c.c.  to  0.03  c.c.  as  the  Noguchi  unit.  By  pooling,  it  is  possible  but  improbable 
that  an  a\  erage  value  would  be  obtained.  All  of  the  sera  may  be  above  or  below 
the  average.  I  have  had  several  successive  guinea  pigs  yield  serum  decidedly 
above  the  average  in  strength.  I  spent  much  time  in  chasing  this  elusive  unit, 
and  have  now  determined  a  means  of  reaching  an  exact  point  which  can  always 
be  replaced. 

If  one  uses  increasing  doses  of  amboceptor  beginning  below  the  unit  in 
the  presence  of  sufficient  complement  for  the  cell  suspension,  hemolysis  will 
occur  steadily  in  proportion  to  the  amount  of  amboceptor  used.  If,  however, 
there  is  less  than  a  unit  of  complement  for  the  cell  suspension,  hemolysis  will 
occur  up  to  a  certain  point  in  orderly  fashion.  Above  this  point  considerable 
increase  in  the  strength  of  amboceptor  will  produce  relatively  trivial  results  in 
increased  hemolysis.  If,  then,  one  takes  several  rows  of  tubes  with  amboceptor 
beginning  below  the  unit,  steadily  increasing  in  strength  from  left  to  right  in 
the  same  dose  in  each  row  and  uses  complement  of  difl^erent  quantities  in  each 
row  with  an  interval  of  complemental  volume  one-fourth  greater  than  the 
amount  in  the  next  lower  row,  (provided  that  one  of  the  rows  shall  have  less 
complement  than  the  unit),  the  result  will  be  progressive  hemolysis  in  this  row 
with  too  little  complement  up  to  a  certain  point,  and  then  relatively  insignificant 
efi^ect  of  greater  quantities  of  amboceptor.  The  row  above  will  show  complete 
hemolysis  at  the  point  w^here  this  change  is  noted.  This  will  be  the  exact  unit 
of  amboceptor.  Exact  value  for  complement  is  determined  by  using  the  inter- 
mediate values  between  these  two  rows,  using  1  per  cent  variation,  the  smallest 
quantity  producing  complete  hemolysis  being  the  unit.  The  unit  relation  of 
factors  in  hemolysis  might  then  be  defined  as  the  least  amount  of  complement 

*From  the   State  Hospital,    Stocktcn.  Calif. 
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and  amboceptor  for  a  measured  ciuantity  of  blood  \\hich  will  proceed  steadily  in 
proportion  to  their  strength  up  to  complete  hemolysis.  Taking  such  a  unit  as  a 
basis,  I  have  determined  a  curve  showing  the  percentage  of  the  unit  of  comple- 
ment necessary  to  produce  complete  hemolysis  in  the  presence  of  definite  units 
of  amboceptor.  It  will  be  seen  that  in  the  presence  of  two  units  of  ambo- 
ceptor 87.8  per  cent  of  a  unit  of  complement  was  recjuired  for  hemolvsis  ;  for  3 
units,  83  per  cent ;  for  5  units,  75  per  cent. 

When  using  high  unit  values  of  amboceptor,  accuracy  can  not  be  obtained 
though  the  value  can  be  determined  within  reasonable  limits.  Bordet  has  ex- 
plained this  as  deviation  of  complement  due  to  union  of  complement  to  ambo- 
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I  ceptor  unattached  to  cells.  T  consider  it  just  as  reasduablc  and  more  i)robable 
I  that  it  is  due  to  the  action  oi  the  foreign  serum  (rabbit)  containing  the  aniI)o- 
!  ceptor  on  the  guinea  pig  complement.  Such  an  action  should  not  occur  in  human 
j  blood  between  the  native  antishee[)  amboceptor  and  the  complement,  because  both 
I  are  elements  of  the  same  serum.  In  the  presence  of  large  (|uantities  of  ambo- 
i  ceptor.  u]i  to  .")0  units,  no  hemolysis  in  my  ex])erience  occun-cd  if  there  were  less 

II  than  onc-foin-th  of  a  unit  of  complement. 
Complemcntar\-  values  for  human  serum  are  delennined  as  follows:  I'irst, 
,  the  hemolytic  ]Hnvcr  of  the  serum  is  established  similarl}'  to  the  method  used  by 
jGradwohl-'  in  his  modification,  except  that  0.:;^  c.c.  of  a  1  to  10  serum  (0.0'?  c.c. 
jof  .serum)  and  a  I  ])er  cent  sus|)ensi()n  of  sheep  cells  were  used.  The  relations 
j  are  the  same,  but  this  is  nuuli  more  econoinical  in  serum  and  '^heep  cells.  Xext, 
jthe  units  of  amboceptor  foi"  the  amount  of  celN  found  to  be  completely  hemolyzefl 
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are  determined  by  using  fractions  of  the  serum  diluted,  with  the  same  amount  of 
cells  and  sufficient  complement  (guinea  pig  serum)  for  their  hemolysis.  Thus, 
for  CNample,  one  serum  in  question  produced  complete  hemolysis  of  0.8  c.c.  of 
a  1  per  cent  suspension  of  sheep  cells.-  The  same  quantity  of  cells  using  sufficient 
complement  were  hemolyzed  by  one-fourth  of  the  amount  of  serum.  This  serum 
contained  4  amboceptor  units,  sufficient  to  hemolyze  3.2  c.c.  of  a  1  per  cent 
suspension  of  sheep  cells. 

Xow  referring  to  the  chart,  and  following  the  line  of  4  units  to  the  curve 
of  hemolysis  and  dropping  a  perpendicular  to  the  base  line,  it  will  be  found  that 
78  per  cent  of  complement  for  0.8  c.c.  of  sheep  cells  must  have  existed  for  hemo- 
Ivsis  in  the  presence  of  4  units.  This  would  be  the  unit  value  for  0.6^^4  c.c. 
practically  of  a  1  per  cent  suspension  of  sheep  cells. 

Since  the  amount  of  serum  used  is  equivalent  to  the  Xoguchi  unit  when 
using  active  blood,  this  can  be  standardized  by  reference  to  a  Xoguchi  unit  of 
sheep  cells,  that  is,  2  c.c.  of  1  per  cent  suspension.  Practically  the  complement 
present  in  the  serum  was  5/12  or  about  0.31  of  a  Xoguchi  unit.  The  greatest 
value  I  have  so  far  determined  in  any  serum  was  in  one  which  hemolyzed  0.8  c.c, 
and  contained  only  two  units  of  amboceptor.  Complementary  value  for  this 
serum  would  be  0.35  of  a  unit. 

The  measure  of  complement  of  those  sera  which  are  weak  in  antisheep 
amboceptor  would  be  determined  by  adding  an  equal  amount  of  serum  whose 
values  have  been  determined  which  is  rich  in  amboceptor.  The  complemental 
value  of  the  mixture  is  then  determined  and  the  difference  between  these  and  the 
complemental  value  of  the  known  serum  is  the  amount  of  complement  in  the 
serum  under  investigation. 

It  is  evident  as  before  mentioned  that  in  the  GradwohP  modification  of  the 
Hecht-Weinberg-  test  hemolytic  power  is  all  that  is  measured  by  Gradwohl.  It 
should  never  be  forgotten  that  complement  is  the  essential  factor  which  we  are 
measuring  in  all  these  tests.  More  exactly  one  could  determine  the  amount  of 
complement  present  in  the  serimi  used  and  use  a  just  proportionate  amount  of 
antigen  for  an  accurate  test.  This  becomes  somewhat  complicated,  however. 
The  great  value  of  the  Hecht  test  depends  on  the  fact  that  one  is  capable  of 
utilizing  a  minimum  amount  of  complement  in  proportion  to  the  syphilitic  anti- 
body present.  The  effect  on  that  complement  of  foreign  sera  is  eliminated  and 
there  is  only  antigenic  action  to  consider.  It  is  conceivable  in  the  test  as  they 
have  applied  it,  however,  that  the  amount  of  antigen  in  their  dilutions  may  be 
less  than  sufficient  to  inhibit  or  absorb  all  of  the  human  complement  present  even 
with  a  positive  blood.  Reactions  they  consider  weak  because  they  fail  to  appear 
in  the  high  dilutions  of  antigen  may  simply  lack  in  antigen,  not  syphilitic  anti- 
body. A  useful,  simple,  qualitative  test  can  be  devised  by  using  an  amount  of 
antigen  which  is  more  than  sufficient  for  inhibition  or  absorption  of  the  greatest 
amount  of  complement  present,  especially  as  this  amount  of  antigen  in  proper 
dilution  has  an  almost  unmeasurable  action  on  any  complement. 

I  mentioned  before  that  I  found  0.35  of  a  unit  of  complement  in  a  serum. 
Suppose,  until  wider  experience  has  shown  this  to  be  wrong,  that  a  possible 
value  is  assumed  for  a  human  complement  of  one-half  the  unit  in  ".02  c.c.  otj 
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serum.  The  amount  of  Noguchi  antigen  (and,  by  the  way,  no  other  except  the 
acetone  insohible  fraction  should  be  used  with  active  blood  as  Noguchi  has 
shown)  which  is  capable  of  disposing  in  the  presence  of  syphilitic  antibody  of 
two  units  of  guinea  pig  complement  plus  whatever  human  complement  may  be 
present  is  0.1  c.c.  of  a  1  to  10  dilution.  The  largest  amount  of  antigen  it  would 
then  be  necessary  to  use  would  be  5/25  of  1/5  of  this  amount  for  0.02  c.c.  of 
serum.  To  overcome  any  physical  effects  of  concentration  it  is  desirable  to  use 
0.5  c.c.  of  a  1  to  250  dilution.  I  have  found,  because  of  its  sure  content  of.  anti- 
sheep  amboceptor,  0.03  c.c.  of  serum  to  be  a  preferable  amount  to  be  used,  and 
for  this  I  use  0.75  c.c.  of  a  1  to  250  dilution.  The  serum  is  diluted  1  to  10  as 
before;  0.3  c.c.  placed  in  front  and  back  tubes,  0.75  c.c.  of  1  to  250  antigen  in 
the  front  tube,  and  0.75  c.c.  salt  solution  in  the  back  tube,  and  incubated  one-half 
hour.  Then  add  0.15  c.c.  of  1  per  cent  suspension  of  sheep  cells  and  incubate 
one-half  hour.  It  is  exceedingly  rare  to  find  any  sera  so  weak  in  antisheep  ambo- 
ceptor that  0.03  will  not  hemoh'ze  0.15  c.c.  of  a  1  per  cent  suspension  of  sheep 
cells,  v.'hich  serve  only  as  an  index  of  absolute  absence  or  presence  of  comple- 
ment. Any  quality,  however  small,  that  will  show  this  constantly,  is  the  right 
quality  to  use.  Negatives  by  this  test  are  of  the  highest  value.  Positives  give 
little  information  of  the  amount  of  syphilitic  antibody  present,  and  may  be 
erroneous.  For  positive  bloods  the  simplest  and  best  test  which  will  show  any 
number  of  units  is  my  modification  of  the  Noguchi  test^  and  its  titration  sequel.' 
Experience  proves  that  human  complement  could  be  disregarded  in  this 
test  as  was  stated  by  Noguchi,^  though  an  effort  was  made  to  measure  it  in  tube 
4  with  antihuman  amboceptor.  The  fallacy  of  measuring  human  complement  with 
cells  of  the  same  genus  led  to  this  investigation.  I  was  anxious  to  determine 
exactly  how  much  complement  was  being  disregarded.  I  have  now  performed 
nearly  a  thousand  tests  checked  by  history,  clinical  findings,  and,  wherever  indi- 
cated, by  spinal  fluid  study,  and  find  that  the  portions  advised  are  satisfactory. 
I  can  not  corroborate  the  statement  of  Busila^  that  no  positive  reaction  has  been 
obtained  in  the  cerebral  spinal  fluid  in  a  case  which  was  negative  when  using 
active  blood.  I  have  had  a  case  which  was  negative  by  my  modification  of 
Hecht ;  also  by  Hecht-Gradwohl  and  by  the  modification  of  Noguchi  which  gave 
complete  inhibition  using  0.2  c.c.  of  cerebral  spinal  fluid.  It  is  necessary  to  study 
the  s|)inal  fluid  in  every  positive  or  suspicious  case, 
j  Referring  again  to  the  curve,  it  is  interesting  to  know  its  bearing  on  the 

j  Wassermann  reaction.     In  the  Wassermann  reaction  2  units  of  amboceptor  are 
I  used.    The  serum  referred  to  above,  containing  4  units  for  0.8  c.c.  of  1  per  cent 
j  suspension  of  sheep  cells,  would  have  contained  in  the  amount  used  in  the  Was- 
1  sermann  3.2  units  of  antisheep  amboceptor.     There  would  then  have  been  5.2 
units  of  antisheep  anibocei)tor  in  the  test.     Two  units  require  87.8  per  cent  of 
complement  for  complete  hemolysis.     Five  units  rcciuire  75  per  cent.     'J'he  error 
due  to  excess  of  amboceptor  in  such  a  case  is  trivial.     The  princii)al  objection 
to  the  Wassermann  must  be  considered,  as  repeatedly  emiihasized.  the  destruc- 
tion of  syphilitic  antibody  by  heating  the  serum.     The  influence  i^i  (he  heat  on 
complement  during  the  preliminary  incubation  in  coinpK'nienl  lixalion  reactions 
IS  of  considerable  interest.     1   lia\e   found  that  where  the  complement   i'^   incu- 
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bated  with  the  cell  suspension  as  in  the  Noguchi  test  for  one-half  honr  at  3T°  C. 
from  0.4  to  0.5  of  its  strength  is  lost.  This  is  a  factor  of  serious  moment  in  the 
titration  of  antigens.  Not  2  units  of  complement,  but  the  quantity  of  complement 
which  after  heating  would  still  have  a  value  of  1  unit,  should  be  used  in  antigenic 
titrations.  Using  2  units  of  amboceptor  in  the  antigenic  titration  87.8  per  cent 
of  a  unit  of  complement  would  be  necessary  for  complete  hemolysis  as  has  been 
shown.  Probably  about  lo  per  cent  of  the  complement  is  lost  as  a  result  of  the 
action  bv  the  antigen  in  the  dose  which  proves  slightly  anticomplementary.  The 
correct  dose  of  antigen  would  ha\e  an  anticomplementary  action  of  from  '^y^  to 
Ys  of  this. 

SUMMARY. 

The  standard  unit  of  hemolysis  is  the  least  amount  of  complement  and 
amboceptor  which  will  completely  hemolyze  a  unit  suspension  of  blood:  it  can 
be  determined  by  cross  titration  as  described. 

Based  on  this  unit,  a  curve  showing  percentage  of  complement  rec[uired  for 
multiple  units  of  amboceptor  is  presented. 

By  reference  to  this  curve  human  complement  may  be  measured.  Hemoly- 
tic power  of  the  serum  for  sheep  cells  is  determined ;  amboceptor  units  for  the 
same  amount  of  cell  suspension ;  reference  to  the  curve  gives  complemental  value. 

Antigen  just  corresponding  to  the  complement  can  be  used  in  the  Hecht- 
Weinberg-Gradwohl  test  instead  of  using  hemolytic  power  alone  as  described 
by  Gradwohl. 

A  more  useful,  simple  test  can  be  made  by  a  modification  of  the  Hecht,  as 
shown,  for  the  great  value  of  the  negatives. 

For  bloods  containing  more  syphilitic  antibody  the  author's  moditication 
of  the  Xoguchi  and  its  titration  sequel  are  the  best  and  simplest  tests. 

The  error  of  the  Wassermann  due  to  excess  of  antisheep  amboceptor  is  not 
great ;  inactivation  is  the  most  serious  objection. 

Antigens  should  be  titrated  with  just  sut^cient  complement  to  allow  1  active 
unit  after  heating  for  one-half  hour  at  37°  C. 
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EDITORIALS 


The   Desirability   of  Having  Expert   Entomologists   in    Military 

Camps 

INSECT  agencies  in  the  spread  of  disease  are  now  fully  recognized.  Typhus 
fever,  yellow  fever,  malaria  and  bubonic  plague  are  transmitted  only  or  chietly 
by  the  bites  of  insects.  The  specific  organism  of  typhoid  fever,  dysentery,  tuber- 
culosis, and  other  less  prevalent  diseases  may  be  transmitted  by  insects.  In  some 
sections  of  this  country,  notably  in  the  Southwest,  there  are  certain  noxious 
insects.  Apart  from  the  transmission  of  disease,  insects  arc  annoyances,  cause 
loss  of  sleep,  and  may  add  much  to  the  discomfort  of  the  soldit-r  and  grcatl\- 
impair  his  efficiency.  Moreover,  insects  may  transmit  glanders  and  probabl) 
other  diseases  among  horses  and  certainly  lead  to  much  discomfort  and  loss  of 
rest  among  these  animals,  so  essential  to  our  army,  v^^lill  furtluT.  insects  some- 
times destroy  large  (|uantities  of  military  stores,  especially    foods. 

The  importance  of  the  house  fly  in  the  dissemination  of  typhoid  fever  in  the 
military  camj^^  in   1,S9S  was  ])ointe(l  out  and  emplia^i/ed  by  the  special   Hoard  ap 
pointed  to  in\estigate  the  causes  of   the  wide  ptexaleiue  of   that   disease.      The 
following  is  ([uoted  from  the  report  of  the  P.oard  : 

"We  are  satisfied  that  the  e\  idenee   furnislied  in  om"  studies,  to  be  detailed 
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later,  is  sufficient  to  show  beyond  reasonable  doubt  that  the  most  active  agents 
in  the  spread  of  typhoid  fever  in  many  of  the  encampments  in  1898  were  flies. 
The  reason  for  coming  to  this  conclusion  will  be  given  in  detail  later,  but  may  be 
summed  up  here  as  follows : 

1.  The  latrines  contained  fecal  matter  specifically  infected  with  typhoid 
bacilli. 

3.  Flies  alternately  visited  and  fed  upon  this  infected  fecal  matter  and  the 
food  in  the  mess  tents.  More  than  once  it  happened,  when  lime  had  been  scat- 
tered over  the  fecal  matter  in  the  pits,  that  flies  with  their  feet  covered  with 
lime  were  seen  walking  over  the  food. 

3.  Typhoid  fever  was  much  less  frequent  among  members  of  messes  who 
had  their  tents  screened  than  it  was  among  those  who  took  no  such  precaution. 

4.  Typhoid  fever  gradually  died  out  in  the  fall  of  1898  in  the  encamp- 
ments at  Knoxville  and  Meade  with  the  disappearance  of  the  fly,  and  this  oc- 
curred at  a  time  of  the  year  when  in  civil  practice  typhoid  fever  is  generally 
on  the  increase." 

The  fly  problem  has  not  yet  been  satisfactorily  disposed  of.  In  some  of  the 
camps  along  the  Texas  border  in  the  summer  and  fall  of  1916  these  pests  were 
abundant,  especially  was  this  true  about  El  Paso.  Flies  swarmed  over  and  on 
the  camps  and  not  only  annoyed  the  men,  but  according  to  the  medical  officers, 
a  severe  and  widespread  epidemic  of  amebic  dysentery  was  undoubtedly  spread 
by  these  insects.  In  part  at  least  this  was  due  to  the  filthy  condition  of  the 
civilian  population  adjacent  to  these  camps.  Over  these,  the  medical  officers 
had  no  control,  and  local  health  officials  were  inefficient  or  indift'erent  or  both. 
The  breeding  of  flies  in  the  regions  about  these  camps  rendered  their  exclusion 
impossible.  This  was  not  the  only  ill  supplied  by  the  surrounding  civilian  terri- 
tory, in  which  red  light  districts  and  other  menaces  to  the  soldier  flourished 
abundantly.  From  this  we  should  take  a  lesson  in  establishing  camps  for  the 
present  war.  About  each  camp  there  should  be  a  zone,  large  enough  to  be  ef- 
fective, under  national  patrol  and  control.  It  may  be  that  the  policing  of  such 
zones  should  be  a  function  of  the  Public  Health  Service.  It  is  certain  that  the 
sanitation  of  such  areas  can  not  be  safely  left  to  local,  civilian  control. 

Medical  officers  on  the  Texas  border  report  that  with  flies  abundant  as  they 
were  last  summer  in  some  of  the  camps  they  were  unable  to  construct  fly- 
proof  latrines.  Evidently  the  only  thing  to  do  is  to  prevent  the  breeding  of 
flies  not  only  within  the  military  lines  but  in  the  adjacent  country.  This  is  feas- 
ible, but  is  not  likely  to  be  done  unless  the  sanitation  of  the  surrounding  coun- 
tr}^  be  placed  under  federal  supervision.  This  will  result  in  the  protection  of 
not  only  the  military  forces  but  of  the  civilian  population.  The  army  reduced 
the  death  rate  in  Havana  below  that  of  any  city  in  this  country  and  that  of 
the  canal  zone  below  that  of  any  State  in  the  Union.  If  the  sanitation  of  the 
whole  country  could  be  administered  for  a  few  years  by  federal  authority  the 
result  would  be  beneficial. 

The  bite  of  the  stable  fly  is  more  vicious  than  that  of  the  house  variety  and 
may  draw  blood.  It  breeds  in  moist  hay  and  straw  and  is  a  danger  not  only  on 
account  of  the  poison  caused  by  its  bite,  which  often  drives  horses  and  mules 
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frantic,  but  on  account  of  its  ability  to  spread  disease  among  these  animals.  The 
charge  that  this  fly  spreads  poliomyelitis  is  lacking  in  proof,  but  it  may  spread 
glanders  and  other  diseases  among  horses.  Since  it  does  not,  often  at  least,  de- 
velop in  manure,  the  procedures  necessary  to  prevent  its  breeding  are  different 
from  those  efticient  with  the  house  fly. 

Bedbugs  sometimes  render  the  life  of  the  soldier  at  night  almost  unbearable 
and  when  a  camp  becomes  badly  infected  the  eradication  of  this  pest  is  a  difficult 
task.  It  has  been  found  necessary  to  immerse  cots  bodily  in  a  boiling  dilute 
solution  of  caustic  soda.  So  far  as  known  this  insect  is  not  specifically  respon- 
sible for  the  transmission  of  any  diseases  prevalent  in  this  country,  but  this  is  a 
world  war  and  there  is  no  telling  to  what  lands  our  soldiers  may  be  called.  Be- 
sides, the  annoyances  and  irritation  caused  b}'  these  insects  should  be  avoided. 
The  cone-nose  bedbug  is  found  in  Mexico.  It  is  a  blood-sucking  insect,  and 
sometimes  is  an  inch  long.  It  flies  at  night  and  occasionally  bites  man,  causing 
much  irritation  and  swelling  and  necessitating  antiseptic  treatment. 

Fleas  breed  in  dirt  and  many  of  the  Mexican  adobe  houses  are  badly 
infested.  Whether  these  fleas  may  spread  bubonic  plague  or  not  is  not  definitely 
known. 

The  chigoe,  not  to  be  confused  with  the  chigger,  or  bedbug,  is  a  kind  of  flea. 
The  females  penetrate  the  skin,  usually  under  the  toe  nails  or  on  the  soles  of  the 
feet,  and  cause  marked  swelling.  The  insect  should  be  removed  surgically  and 
aseptically. 

With  the  exception  of  the  Rocky  Mountain  ticks,  which  may  spread  the 
spotted  fever  observed  in  certain  localities  in  the  W'est,  we  know  of  no  disease 
in  man  transmitted  by  this  insect  in  this  country. 

Centipedes  carry  poison  glands  at  the  base  of  the  front  pair  of  legs.  The 
bite  may  be   followed  by  distressing  symptoms. 

A  poisonous  spider,  usually  known  as  a  tarantula,  is  frequent  in  warm  coun- 
tries and  especially  in  Texas  and  Mexico.  There  is  also  a  little  black  spider, 
with  a  red  spot  on  its  abdomen,  whose  bite  is  poisonous. 

Some  of  the  best  camps  in  Texas  were  not  free  from  ants,  and  the  so-called 
"harvest"  variety  attacks  man  and  the  sting  is  exceedingly  painful. 

The  soldiers  in  Cuba  in  1808  were  annoyed  by  a  small  scorpion  found 
among  the  rocks.  The  sting  is  painful  but  not  serious.  This  little  beast  seems 
to  have  a  special  fondness  for  leather  and  is  attracted  by  shoes,  harness,  etc. 

Cockroaches  often  come  in  numberless  legions  and  may  destroy  much  food. 
They  seem  to  be  wholly  immune  to  formaldehyde,  but  are  quickly  destroyed 
with  commercial  sodium  fluorid,  either  pure  or  diluted  with  an  equal  portion  of 
I  some  inert  substance,  as  flour  or  gypsum. 

Certain  fly  larvae  may  develop  in  the  living  body,  and  this  condition  is 
known  as  mviasis,  which  may  be  intestinal  or  dermal.  The  most  common 
1  insect  finding  its  way  into,  and  growing  in,  the  intestines  of  man  is  the  mag- 
'  got  of  the  cheese  fly,  usually  called  the  cheese  skijipcr.  However,  tlie  m.iggots 
j  of  the  blow  flv  and  the  common  house  fly  have  been  found  in  ili«'  inicslnies 
'  -of  man. 

Dcrnial  mviasis  is  more  common   and  nia\-  occur  in  a  (li'>c';i->c(l   no>e,  or  m 
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neglected  ^vounds.  The  so-called  screw-worm  fly  usually  breeds  in  dead  ani- 
mals, but  it  may  establish  itself  in  wounds  and  has  been  known  to  cause 
death. 

One  of  the  most  brilliant,  recent  discoveries  is  that  of  the  French  Army 
Surgeon,  Nicolle,  who  demonstrated  that  typhus  fever  is  transmitted  from 
man  to  man  by  the  bites  of  lice.  ]\Ian  serves  as  host  to  three  species  of  lice. 
Pediculus  capitis  and  p.  pubis  seem  to  have  preempted  certain  portions  of  man's 
body  as  sources  of  their  food  supply  and  for  the  location  of  their  homes  and 
the  breeding  of  their  kind.  The  third  is  known  as  p.  corporis  or  p.  vestimenti. 
The  former  name  indicates  its  cosmopolitan  character  and  the  latter  shows  that 
its  chief  abiding  place  is  in  man's  clothing.  This  is  the  ca,use  which  transmits 
typhus  fever.  It  was  well  known  among  the  soldiers  of  the  civil  war  by  the 
appellation  of  "gray-back,"  but  at  that  time  it  carried  no  typhus  virus.  This 
species  was  also  abundant  on  the  Texas  border  in  1916,  but  again  was  without 
specific  infection.  Soldiers  should  not  be  permitted  to  harbor  lice  of  any 
species,  with  or  without  typhus  infection.  P.  capitis  deposits  its  eggs  or  nits 
on  the  hair  some  distance  from  the  scalp  and  clipping  the  hair  removes  most  of 
them.  The  remainder  are  easily  destroyed  by  a  shampoo  with  2  per  cent  car- 
bolic acid.  One  thorough  inunction  of  its  special  region,  with  blue  ointment 
usually  destroys  the  pubic  residents.  P.  vestimenti  is  destroyed  with  more  dif- 
ficulty and  is  a  more  dangerous  guest.  English  and  French  physicians  have 
given  much  attention  to  this  parasite  during  the  present  war.  Shiply  has  gone 
painstakingly  into  its  life  history,  discovering  its  habits  in  feeding  and  breeding, 
etc.  Others  have  given  chief  attention  to  means  for  its  destruction.  From  what 
has  been  said  it  must  be  evident  that  the  eradication  of  these  pests  can  not 
depend  wholly  upon  cleanliness  of  body,  but  the  verminicides  must  be  applied 
to  the  clothing  as  well.  Indeed  it  often  happens  that  not  a  louse  can  be  found 
on  the  stripped  body  while  the  clothing  may  be  swarming  with  them.  Further- 
more it  must  be  evident  that  a  verminicide  suitable  for  application  to  the 
body  may  be  ineffective  when  applied  to  the  clothing,  and  since  every  article 
of  clothing  from  head  to  foot,  and  bedding  as  well,  may  be  infested,  the  solu- 
tion of  the  verminicide  and  the  method  of  application  must  vary  with  the  fabric. 
In  order  to  be  eft'ective  the  nits  as  well  as  the  lice  must  be  destroyed. 

It  is  not  our  intention  to  review  all  the  agents  employed  in  the  destruction 
of  lice.  Clothes  not  injured  by  this  process,  may  be  steamed  for  twenty  min- 
utes under  pressure.  A  benzine  bath,  as  employed  in  dry  cleaning,  is  said  to  be 
effective.  A  soap  containing  35  per  cent  cresol  and  05  per  cent  naptha,  and 
another  containing  35  per  cent  xylol  and  65  per  cent  naptha  ha\e  been  recom- 
mended by  a  French  authorit}'. 

Yellow  fever,  malaria,  filariasis  and  dengue  are  dissemminated  by  mos- 
quitoes. The  different  scientific  departments  of  the  Government  have  issued 
from  time  to  time  most  excellent  monographs  on  these  pests,  one  of  which 
written  by  Ludlow  is  entitled  "Disease-Bearing  Mosquitoes  of  North  and  Cen- 
tral America,  the  West  Indies  and  the  Philippine  Islands."  This  is  most  thor- 
ough up  to  the  time  of  writing  (1013)  and  we  understand  that  a  new  edition  is 


KDITORIALS  00/ 

to  be  issued  soon.  The  author  states  that  in  the  ])revention  of  diseases  spread 
by  these  insects  two  problems  must  be  solved. 

1.  What  disease-bearing  mosquitoes  are  present?  This  divides  itself  into: 
(A)  What  anophelines  are  present;  (B)  Are  stegomyia  fasciata  eulex  fati- 
gans  or  Mansonia  uniformis  and  africana  present?  2.  Ht)w  shall  the  species 
found  be  exterminated?  It  will  be  seen  that  both  of  these  questions  demand  the 
services  of  an  expert.  Only  an  expert  knows  enough  to  find  and  identifv  the 
different  species  and  to  exterminate  the  species  found.  They  should  be  found 
early  and  before  they  become  numerous.  Having  found  the  breeding  places, 
how  shall  the  propagation  of  these  insects  be  prevented?  This  depends  upon 
the  species  and  the  locality.  "Each  land,  each  locality,  each  species  presents  its 
own  problem,  and  until  more  is  definitely  known  of  the  habits  of  the  individual 
species,  each  demands  a  solution  from  the  worker  in  his  own  field." 

A\'e  have  gone  thus  fully  into  these  matters  in  order  to  show  the  desirability 
of  employing  the  services  of  expert  entomologists  in  our  military  camps  and 
with  our  armies  on  the  move.  There  is  probably  no  country  in  the  world  better 
supplied  with  experts  in  this  line.  The  Surgeon  General  of  the  Army  has 
already  rendered  his  country  most  distinguished  service  and  made  himself  the 
greatest  authority  in  the  world  in  the  suppression  of  yellow  fever  and  malaria. 
There  are  others  in  the  army  medical  coqDs  as  Craig,  Darling,  Russell,  and  X'ichols 
who  have  been  investigators  in  this  field.  In  the  Agricultural  Department  we  have 
Howard  and  those  whom  he  has  trained,  some  of  whom  are  now  serving  as 
state  entomologists  or  as  professors  in  universities. 

The  Russian  army  has  suffered  great  economic  loss  in  the  destruction  of 
its  food  supplies  by  weevils  and  has  called  upon  its  entomologists  to  prevent 
further  loss. 

The  English,  French.  Russians,  and  Germans  have  established  commis- 
sions of  entomologists.  We  should  have  their  expert  knowledge  to  start  with. 
For  man\'  years  this  country  has  recognized  the  importance  of  protecting  crops 
from  the  ravages  of  insects.  Let  us  have  the  jirotection  and  he]\)  of  these 
specialists  for  our  soldiers. 

The   folUnving  points   seem   clear : 

1.  Insect-carriers  of   diseases  h;l\c   wrovight   havoc   in   armies. 

'i.  The  early  recognition  of  harmful   insects  require  expert  knowledge. 

^.  Their  eradication  ])rom])tly  and  efficiently  demands  the  same  exjiorts. 

I.  The  knowledge  gained  by  a  corps  of  skilled  entomologists  would  make  a 
valuable  contribution  to  science,  and  be  of  value  in  the  future  in  both  ci\il  and 
military  life. 

— r.  c.  r. 
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Suggestiojis  and  Recommendations  Concerning  the  Physical  Examina- 
tion of  Recruits  for  the  United  States  Army  and  Navy,  and 
for  the  Collection  of  Scientific  Data  and  Material  in 
Connection   With  the  Hospital  Service 

THE  eminent  anthropologists  of  the  Smithsonian  Institution,  Hohiies  and 
HrdHcka.  have  submitted  to  the  National  Research  Council  some  sugges- 
tions under  the  above  heading.  They  say:  "Soon  a  multitude  of  young  men  will 
be  called  in  the  organization  of  the  new  army  and  navy  of  the  United  States,  and 
since  good  health  with  physical  fitness  are  the  foremost  requirements  of  the  sol- 
dier and  sailor,  the  men  called  should  be  subjected  to  most  careful  examination. 
The  object  should  be  the  selection  not  of  the  tallest  and  strongest  men,  but  of 
the  thousands  who,  on  the  basis  of  our  best  physical  and  physiological  knowledge, 
may  reasonably  be  expected  to  be  fit  for  the  tasks  to  be  imposed  upon  them,  or 
who  may  be  made  fit  during  the  period  of  training.  Certain  standards  relating 
to  the  physical  development  and  to  the  health  of  recruits  have  long  been  estab- 
lished and  are  now  employed  in  our  recruiting  offices.  These  dififer  somewhat 
in  the  dilterent  branches  of  service.  They  are  all  right  in  normal  times,  but  they 
take  no  account  of  racial  differences  in  physical  characteristics  and  give  little 
consideration  to  the  possibility  of  improvement  in  the  individual  that  should 
follow  six  or  nine  months  of  training,  medical  supervision,  and  outdoor  life." 

Going  over  the  regulations  for  the  army  of  the  United  States,  these  men 
recommend  that  the  following  "he  can  not  speak,  read  and  write  the  English 
language"  be  changed  into  "he  does  not  possess  a  fair  speaking  knowledge  of 
the  English  language."  In  other  words,  a  man  should  not  be  excluded  from  the 
army  because  he  can  not  correctly  and  fluently  speak  the  English  language.  It  is 
only  necessary  that  he  should  be  able  to  understand  and  intelligently  grasp  plain 
instructions  and  commands  issued  in  this  language.  The  present  regulations  say 
that  the  recruit  is  expected  to  have  twenty  sound  teeth  including  four  opposite 
incisors  and  four  opposite  molars.  As  the  prevalent  defective  condition  of  the 
teeth  in  many  cases  is  connected  with  the  food  and  other  habits  of  modern  civili- 
zation, or  to  accident,  rather  than  with  disease,  and  as  in  a  large  majority  of 
cases  the  condition  of  the  teeth  can  readily  be  corrected  by  dentists,  it  would 
seem  best  that  this  stipulation  be  replaced  by  one  permitting  of  more  latitude  in 
this  direction.  Possibly  the  following  would  meet  the  requirements :  "The 
recruit  is  expected  to  have  twenty  sound  teeth,  including  four  opposite  incisors 
and  four  opposite  molars,  but  if  his  physical  condition  is  otherwise  satisfactory, 
he  may  be  accepted  even  though  below  this  dental  standard,  provided  the  defects 
of  the  teeth  are  such  as  can  be  readily  corrected  by  army  or  navy  dentists." 

In  regard  to  the  stature  requirements,  it  may  be  said  that  the  present  mini- 
mum in  every  branch  of  the  army  or  navy  is  five  feet  four  inches,  and  in  the  case  of 
mountain  artillery,  this  minimum  is  five  feet  eight  inches.  The  minimum  for  the 
English  infantr}-  and  some  other  branches  of  the  service,  prior  to  the  present 
war,  was  five  feet  two  inches,  but  it  has  since  been  reduced.  On  the  Continent 
the  minimum  differs  according  to  place.  There  are  a  number  of  European 
nationalities  in  which  the  average  height  of  the  adult  male  reaches  but  a  few! 
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tenths  of  an  inch  over  the  minimum  of  the  United  States.  These  nationahties, 
most  of  which  are  well  represented  in  this  country-,  include  the  Italians,  Greeks, 
French,  Swiss,  many  of  the  Slavs,  Magvars,  Russian  and  Austrian  Jews,  Ruma- 
nians, Lithuanians  and  Germans.  Should  the  present  minimum  in  stature  for  the 
United  States  army  and  na%y  be  adhered  to,  from  two-fifths  to  more  than  one- 
half  of  the  men  belonging  to,  or  descendants  from,  the  nationalities  mentioned 
above  would  be  excluded.  In  view  of  these  facts  and  since  short  stature  in  a 
large  majority  of  cases  signifies  normal  variation  rather  than  degeneration,  it 
appears  advisable  that  the  minimum  be  reduced  for  all  branches  of  the  service 
to  sixt}-  inches,  and  that  corresponding  to  this  the  minimum  weight  requirement 
be  reduced  from  128  to  120  pounds. 

Holmes  and  Hrdlicka  call  attention  to  the  desirabilit}'  of  collecting  material 
for  anthropological  research  during  the  present  war.  Efforts  in  this  direction 
were  made  in  the  northern  army  of  the  United  States  during  the  Civil  War  and 
the  results  of  these  studies  are  embodied  in  three  volumes  of  valuable  data  bv 
Baxter  and  Gould,  and  in  certain  collections  now  in  the  Army  Medical  Museum. 
Our  army  will  include  not  only  people  of  many  nationalities  but  also  those  of  dif- 
ferent races  such  as  Indian,  Xegro,  Filipino,  and  possibly  Japanese  and  Chinese. 
By  a  study  of  both  the  living  and  the  dead,  information  of  great  value  mav  be 
obtained  and  our  knowledge  of  anthropolog}-  may  be  greatly  extended. 

— U.  C.  J'. 


A  Neic  Mercurial  Germicide 

SCHAMBERG.  Raiziss,  and  Kolmer,  of  Philadelphia,  have  presented  to  the 
Xational  Research  Council  results  which  th^y  have  obtained  in  the  prepara- 
tion of  a  new  mercurial  germicide.  This  has  been  formed  by  the  introduction  of 
mercury  into  the  phenol  group  and  the  trade  name  proposed  for  it  is  "Mercuro- 
phen.''  The  above  mentioned  investigators  have  made  a  thorough  study  of  this 
new  compound,  and  have  stated  the  results  of  their  investigation  in  the  follow- 
ing conclusions : 

1.  Mercurial  compound  Xo.  99  (mercurophen)  exhibits  against  the  staphy- 
lococcus aureus,  in  the  "antiseptic  test,"  fift}*  times  greater  activity"  than  mer- 
curic chloride ;  it  destroys  these  bacteria  on  prolonged  exposure  in  bouillon  in  a 
dilution  of  1 :10,000,000. 

2.  In  a  menstruum  of  ascitic  fluid,  mercurophen  is  two  hundred  times  more 
germicidal  against  the  staphylococcus  aureus  than  mercuric  chloride. 

3.  By  the  Rideal-W'alker  method,  mercurophen  exhibits  ten  thousand  times 
greater  germicidal  power  against  the  Bacillus  typhosus  than  phenol,  and  over 
thirty  times  greater  activity  than  mercuric  chloride. 

•4.  Mercurophen  disinfects  the  hands  in  dilutions  of  from  1  ;  10,000  to 
1 :40,000  in  one  minute,  whereas  mercuric  chloride  in  a  dilution  of  1  :5000  re- 
quires over  five  minutes,  and  in  a  dilution  of  1 :10,000  requires  over  fifteen 
minutes. 

r.  Mercurophen  sterilizes  ordinary-  rubber  tubing  in  thirty  minutes  in  a 
dilution  of  1  :100,000.     Mercuric  chloride  accomplishes  this  result  in  a  dilution 
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of  1  :1 0.000.     \\  ith  tubing  heavily  infected  with  cocci  and  spores,  mercurophen 
required  a  1  :500  solution  and  mercuric  chloride  fails  in  a  1  :50  solution. 

6.  Mercurophen  in  a  1  :5000  solution  sterilizes  feces  in  thirt}-  minutes  ;  mer- 
curic chloride  accomplishes  this  result  in  a  1  :2000  solution. 

7.  The  preci])itating"  effect  of  mercuric  chloride  on  human  serum  proteins 
is  four  to  fi\e  times  greater  than  that  exhibited  by  mercurophen.  This  is  an 
obvious  advantage  possessed  by  the  latter  substance. 

8.  Solutions  of  1  :5000  of  mercurophen  exhibit  no  evidence  of  tarnishing  on 
nickel-i^lated  instruments  after  twenty-four  hours  exposure. 

9.  In  ex]ieriments  not  detailed  here,  mercurophen  administered  intravenously 
in  rabbits  has  a  lower  toxicity  than  mercuric  chloride.  — ['.  C.  J'. 


Digitalis  Grown  in  America 

SOME  months  ago  the  Chairman  of  the  Committee  on  Medicine  and  Hygiene 
of  the  National  Research  Council  took  up  the  question  of  digitalis  and  bel- 
ladonna grown  in  the  United  States.  It  is  generally  understood  that  we  are  de- 
pendent u])on  importation  of  these  very  valuable  drugs  from  Europe.  In  the 
present  state  of  medical  science  it  would  seem  quite  impossible  in  the  treatment  of 
certain  diseases  to  get  along  without  preparations  of  digitalis.  It  is  very  gratify- 
ing, therefore,  to  ascertain  that  digitalis  has  been  grown  experimentally  at  the 
Universities  of  Minnesota,  Wisconsin,  and  Oregon.  VVulling,  Dean  of  the 
Pharmacy  School  of  the  University  of  Minnesota,  states  that  he  now  has  about 
one  hundred  quarter-pound  jars  of  digitalis  purpura  of  the  1916  crop.  Further- 
more, he  adds  that  he  would  be  glad  to  place  at  the  disposal  of  the  government 
fifteen  or  twenty  pounds  of  this  digitalis  in  coarsely  powdered  form.  He  states 
that  this  would  exhaust  his  supply  except  what  the  hospital  and  dispensary  of  his 
own  unixersity  would  need.  Concerning  this  year's  crop  he  says:  "We  probably 
could  arrange  to  increase  our  planting  to  a  point  to  enable  us  to  furnish  at  the 
end  of  the  season  a  somewhat  larger  supply  than  we  have  on  hand  now.  The 
powdered  digitalis  we  have  on  hand  would  be  suitable  for  percolating,  but  not 
for  prescription  work,  l^^r  the  latter,  we  could  reduce  the  powder  to  a  much 
finer  state  of  subdivision  by  remilling  it." 

Rowntree  has  already  published  some  articles  on  the  physiological  action  of 
the  digitalis  grown  in  Minnesota.  He  shows  that  this  is  quite  equal  to,  if  not 
better  therapeutically  than  that  grown  in  other  countries.  Morris  has  experi- 
mented still  further  with  the  Minnesota  grown  digitalis. 

There  are  many  varieties  of  digitalis.  Heretofore  the  variety  most  used  is 
digitalis  purpura,  but  Morris  thinks  that  digitalis  lutea  is  quite  as  efficient  in  its 
action  on  the  circulatory  organs  and  is  much  less  irritating.  It  seems,  therefore, 
that  the  Minnesota  grown  digitalis  may  in  the  near  future  wholly  supplant  the  im- 
ported article.  The  necessities  growing  out  of  the  present  war  will  probabh 
lead  to  many  similar  discoveries,  and  after  a  few  years  this  country  will  be  more 
independent  than  it  has  been  in  the  growth  of  medicinal  plants  and  the  ])re])ara-! 
tion  of  thera])eutic  agents  from  ihem.  — ['.  C.  V.     \ 
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LABORATORY   CULTURE   MEDIA  AND   METHODS. 

IN  all  bacteriological  investigations  it  is  essential  to  have  standard  methods 
which  have  been  thoroughly  tried  and  which  are  sufficiently  numerous  and 
different  to  enable  one  to  adduce  and  detect  variations  in  the  behavior  of  any 
organisms  which  we  may  encounter.  Although  within  the  forty  years  which, 
approximately,  cover  the  history  of  bacteriological  discovery  many  methods  for 
the  laboratory  cultivation  of  bacteria  have  been  devised,  yet  there  are  but  few 
which  represent  such  really  distinctive  conditions  as  serve  to  distinguish  one 
organism  from  another  or  which  serve  to  cultivate  an  organism  while  others  fail. 
The  failure  of  the  usual  laboratory  procedures  to  grow  particular  recognized 
parasites  has  been  accounted  for  by  the  statement  that  living  tissue  or  the  con- 
ditions of  the  animal  body  were  essential  for  its  well  being.  However,  the  in- 
troduction of  the  fresh  tissue  media,  as  in  the  cultivation  of  the  si)ir()chela  pal 
lida,  removed  the  difficulties  in  the  case  of  several  organisms,  and  led  bacteriologN 
a  step  further  ahead.  In  the  employment  of  fresh  tissue,  such  as  the  kidney  ot 
the  rabbit,  so  long  as  we  are  dealing  with  an  organism  which  is  in  no  danger  ot 
being  confused  with  contaminants  one  is  entirely  safe,  especially  when  but  one 
culture  medium  and  method  is  followed  and  experiments  are  carefully  controlled. 
But  should  we  be  searching  for  an  unrecognized  or  a  but  partially  known 
parasite,  and  in  the  course  of  our  study  transfer  cultures  from  one  form  of 
medium  to  another,  as  from  anaerobic  serum  plus  fresh  tissue,  to  aerobic  solidified 
serum,  we  will  meet  unexpected  difficulties  since  organisms  introduced  in  the 
piece  of  fresh  tissue  that,  ])crliaps,  rcproscnt  tiie  llotsam-and-jetsam  that  tali 
into  an  animal's  blood  stream.    frc(|n(ntl\    (U\clop   in  one  or  the  other  ol   our 
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cviltvire  media  and  cause  much  trouble.  Thus  I  have  commonly  found  a  con- 
taminant of  rabbits'  kidneys  when  they  are  crushed  and  smeared  over  Loef- 
fler's  blood  serum  and  the  medium  incubated  aerobically — especially  when  treated 
as  in  the  following.         % 

A  New  Method. — These  observations  caused  me  several  years  ago  to  at- 
tempt to  devise  a  substitute  for  the  fresh  tissue,  and  in  so  doing  it  was  reasoned 
that  since  one  known  difference  between  living  blood  plasma  and  blood  serum 
was  the  separation  of  the  fibrin,  and  that  since  in  this  process  a  precipitation  in 
which  a  calcium  compound  was  involved  was  understood  to  take  place  it  might 
be  well  to  try  the  usefulness  of  blood  serum  (sterilized  by  the  fractional  method) 
plus  a  soluble  calcium  salt.     Reasoning  that  as  in  the  animal  economy  the  cir- 


Fig.  l.^Smear  from  culture  made  from  cord  of  Case  I.  Grown  4  days,  anaerobically,  in  .25  per  cent 
hydrocele  fluid  mixed  with  75  per  cent  bouillon-limcwater  (equal  parts  of  each).  Methylene  blue  stain. 
Magnification,    1500.      Photograph   reduced   one-fourth. 


culation  removed  all  acids,  including  carbon  dioxide,  it  was  thought  that  cal- 
cium oxide  was  the  best  available  lime  salt,  since  it  was  sut^ciently  soluble  to 
supply  a  calcium  base  and  would  also  fix  any  acids  developing,  especially  the 
carbon  dioxide.  Various  experiments  with  this  medium  (blood  serum  and  lime- 
water)  developed  the  fact  that  a  diluent  of  bouillon,  in  various  proportions, 
greatly  enhanced  its  suitability  for  various  bacteria.  Modifying  this  combina- 
tion to  the  cultivation  of  bacteria  upon  a  solid  surface  (as  Loeffler's  blood  serum) 
it  was  found  that  to  the  desirable  properties  of  both  media  could  be  added  that 
of  a  continuously  wet  surface,  by  depositing  a  few  drops  of  the  serum-bouillon- 
limewater  at  the  bottom  of  the  slanted  Loeffler  serum  tube,  just  prior  to  its  in- 
oculation, and  tilting  the  tube  once  or  twice  a  day,  while  in  use,  to  cause  the  fluid 
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to  flow  over  the  inoculated  surface,  a  procedure  which  also  might  be  thought  to 
act  similarly  to  the  blood  current  in  mechanically  washing  away  bacterial  waste 
products.  This  method  was  employed  extensively  in  the  experiments  to  be  de- 
tailed. 

Source  of  Culture. — Cord  and  brain  specimens  from  autopsies  on  eight 
fatal  cases  of  the  recent  New  York  City  epidemic  were  used.  In  five  instances 
the  specimens  were  from  one  to  six  weeks  old  and  had  been  preserved  in  50  per 
cent  glycerine  and  kept  on  ice.  In  three  instances  specimens  of  brain  and  cord 
tissue  direct  from  autopsies  were  employed.  Specimens  from  one  of  the  cases 
showed  contaminating  organisms  and,  as  a  precautionary  measure,  the  cultures 
^vere  discarded. 


Fig.  2. — Smear  frdm  culture  made  from  brain  of  Case  I\'.  Sixth  generation,  grown  two  days, 
aerobically,  on  Locffler"s  blood  serum,  washed  with  Ijouillon-limewater  (lactose  4  per  cent).  Methylene  blue 
stain.      Magnification,    1500.      Photograph    reduced    one-fourth. 


Later,  for  the  purposes  of  comparison,  a  culture  isolated  by  a  western  bac- 
teriologist was  used. 

Methods  of  Cultivation. — Series  of  cultures  were  made  from  all  speci- 
mens: (.\)  In  the  h'le.xner-Noguchi  fresh  tissue  nu-dium  ;  (  i^) )  in  human  serum 
(hydrocele  fluid)  25  parts,  diluted  with  75  ])arts  of  3i)  per  cent  limewater  in 
nutrient  bouillon,*  and  (C)  on  Loefller  serum  tubes  wet,  as  described,  with  the 
hydrocele-bouillon-limewater.  (  D)  Control  cultures  were  made  on  plain  nutrient 
agar,  and  on  i)lain  Loeftler's  serum  (siilidifn-d). 


'Lactose,    2   per   cent,    was   also   added,    but    later    proved    nonessential, 
fluid  was  also  increased  in  some  cultures. 


The    proportion    of    hy<lroce!c 
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Incubation  was  made  at  37.5°  C,  anaerobically  (media  covered  with  liquid 
paratHne)  in  (A)  and  aerobically  in  (B),  (C)  and  (D). 

Character  of  Cultures  Obtained. — Cultures  from  both  brains  and  cords 
of  the  seven  cases  considered. (made  by  dropping  small  pieces  of  each  in  jfluid 
cultures,  and  by  smearing  pieces  over  the  surfaces  of  the  solid  media)  and  the 
western  culture — in  all,  fifteen  cultures — gave  results  as  follows : 

Flexner-Xoguchi  medium  (A)  :  In  100%  hydrocele  fluid,  plus  a  piece  of  fresh 
kidney,  a  slight  cloudiness  of  the  media  developed  by  the  third  day,  and  smears 
made  at  this  time  showed  a  pleomorphic  organism  identical  in  appearance  with 
that  in  the  microphotographs  illustrating  Noguchi's  article  in  the  Journal  of 
Experimental  Medicine,  October  1,  1913.     Appearances  were  similar  in  smears 


Fig.  3. — Smear  from  second  generation  of  culture  shown  in  Fig.  2.  Planted  on  Loeffler's  blood  serum 
which,  at  the  end  of  two  days — no  growth  having  appeared — was  submerged  in  bouillon-limewater  (de.xtrose 
1  per  cent).  Smear  made  one  day  later.  Gram's  stain.  Magnification,  1500.  Photograph  reduced  one- 
fourth. 

from,  all  of  the  fifteen  cultures.  Limed  Serum  Bouillon  (B)  :  Cultures  made  in 
this  medium  grew  much  better  than  in  the  foregoing  and  showed  a  distinct  cloudi- 
ness on  the  second  day.  Smears  gave  an  organism  similar  to  that  before  men- 
tioned. Loeffler  Washed  with  Limed  Serum  Bouillon  (C)  :  By  the  end  of  48  hours, 
small,  pinhead  sized  colorless  colonies  appeared  on  the  surface  of  the  medium. 
Smears  made  at  this  time  showed  an  organism  very  similar  to  that  produced  by 
the  other  methods.  When,  however,  the  washing  and  incubation  was  continued 
another  48  hours,  slight  digestion  (peptonization)  of  the  medium  began,  and 
smears  made  at  this  time  showed  a  sporulating  bacillus,  that  is  one  that  stained 
bipolarly,  and  of  which  the  polar  bodies  were  to  be  seen,  some  still  within  the 
bacilli,  some  in  the  act  of  escaping  from  the  poles  of  the  bacilli,  and  some  en- 
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tirely  free  from  the  parent  form.*  Occasionally  clubbed-shaped  bacilli,  similar  in 
appearance  to  sporulating  tetanus  bacilli  were  encountered  (Fig.  3).  Later 
than  the  fourth  day  all  bacilli  had  involuted,  showing  as  hollow  ovoids,  such  as 
would  usually  be  denominated  spores.  Yet  since  the  polar  bodies,  which  are 
evidently  the  germinating  elements,  tend  to  escape  at  this  time,  this  name  in  its 
accepted  meaning  is  hardly  applicable.  Nutrient  Agar  (d)  :  At  the  end  of  a  week 
no  growth  had  appeared.  (The  same  was  true  of  cultures  made  upon  plain 
Loefifler  blood  serum). 

Transplants. — While  the  first  generation  of  all  cultures,  either  in  the 
Flexner-Noguchi  medium,  in  the  limed-bouillon  serum,  or  on  the  Loeffler,  washed 
with  the  same,  gave  organisms  the  only  difference  between  which  appeared  to 
be  a  variation  in  size,  and  which  were  Gram-positive,  transplants  seemed  to  in- 
dicate actual  biological  variations.  Six  cultures  (numbered  1  to  6)  from  as  manv 
sources  were  conducted  through  a  number  of  generations,  on  various  media, 
with  results  as  follows : 

Culhire  1. — Replanted  from  washed  Loeffler  to  plain  solidified  Loeffler  gave, 
within  24  hours,  a  creamy  growth  which  by  the  end  of  the  third  day  became 
slightly  wrinkled  and  showed  slight  licjuefaction  of  the  medium.  The  organism 
appeared  as  small  Gram-negative  bacilli,  of  which  some  showed  one  or  two  Gram- 
positive  poles.  By  the  third  day  the  bacilli  with  polar  bodies  "sporulated," — 
assumed  an  oval  nonstaining  form,  from  which  the  polar  bodies  were  often  seen 
escaping.  By  replants,  made  at  the  end  of  24  hours'  growth,  this  culture  was 
continued  for  eleven  generations  of  identical  qualities.  The  eleventh  generation 
was  then  transplanted  to  nutrient  agar,  and  within  24  hours  developed  as  a 
white  scum  containing  organisms  which  varied  from  both  large  Gram-negative 
and  Gram-positive  bacilli  to  diplococci  of  similar  staining  variations. 

A  replant  of  the  last  mentioned  culture  to  bouillon-hydrocele-limewater  gave 
a  heavy  growth  of  similar  organisms.  A  replant  from  the  fluid  culture  to  Loef- 
fler's  solidified  serum  gave  a  distinctly  wrinkled  scum  of  mostly  Gram-positive 
bacilli  which  proceeded  to  "sporulation"  and  marked  liquefaction  of  the  medium 
by  the  third,  day. 

Culture  2. — Replanted  as  with  Culture  \,  gave  at  the  end  of  24  hours  a 
wrinkled  white  scum  of  mostly  Gram-positive  bacilli,  which  "sporulated"  and 
liquefied  the  medium  by  the  third  day.  The  same  results  were  continuously  pro- 
duced for  eight  generations.  Replant  from  the  sixth  generation  into  bouillon- 
hydrocele-limewater  gave,  by  the  end  of  five  days,  a  faintly  cloudy  medium  con- 
taining a  good  many  minute  Gram-positive  diplococci  and  streptococci. 

Culture  3. — Replanted,  as  above,  for  eleven  generations,  gave  at  the  end  of 
24  hours  a  creamy,  but  i)artly  wrinkled,  scum  containing  large  Gram-negative 
bacilli,  among  which  could  i)c  found  a  good  many  Gram-i)Ositive  ones.  Lique- 
faction of  medium  varied  from  none  to  marked,  by  the  third  day.  A  replant  of 
the  eleventh  generation  into  bouilh^n-hydrocele-limevvater  gave,  by  the  fifth  day. 
a  few  Gram-positive  di])l(Kocci. 

Culture  4. — Replanted  as  al)ove  for  eight  generations  gave,  at  the  end  of  24 


•Since   writing  this  there   has  appeared    (jour.    Racteriul.,    March.    1917)   a   very   interesting   article   by 
Mellon,   describing  the   metamorphosis   of   a  diphtheroid    haciihis   into   streptococcus-like    formations. 
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hours,  a  creamy  growth  of  large  bacilH  most  of  which  were  entirely  Gram- 
negative.  A  few,  however,  were  always  Gram-positive  or  had  Gram-positive 
poles.  In  most  cases  there  was  slight  liquefaction  of  the  medium  by  the  second 
day.  The  eighth  generation,  replanted  into  the  fluid  medium  last  mentioned, 
gave,  by  the  fifth  day,  a  few  Gram-negative  diplococci.  A  replant  of  this  culture 
left  at  room  temperature  for  several  days  developed  two  lemon  yellow  colonies 
of  large  Gram-negative  diplococci — indicating  a  very  interesting  and  perhaps  most 
important  biological  variation. 

Culture  5. — Replanted  as  with  the  foregoing,  gave  a  slight  creamy  growth, 
which,  for  ten  generations,  failed  to  show  the  slightest  liquefaction  of  the  medium, 
and  which  consisted  almost  entirely  of  large  Gram-negative  bacilli  (an  occasional 
Gram-positive  pole  could  usually  be  found).  The  tenth  generation,  replanted 
into  the  fluid  medium  previously  mentioned,  gave  a  growth  containing  organisms 


Fig.  4. — Cerebrum  of  young  guinea  pig  which  contracted  a  poliomyelitis  bacillus  infection  from  con- 
tact with  another  guinea  pig  intraperitoneally  inoculated  with  the  organisms  of  Culture  4  taken  from  the 
throat  of  an  experimenter  accidentally  infected  with  this  culture.  One  platinum  loop  of  throat  mucus  in 
0.5  c.c.  saline  was  used. 


varying  from  Gram-negative  bacilli  to  Gram-positive  diplococci.  By  replanting 
the  eighth  generation  into  bouillon  and  then  returning  it  to  Loeffler,  a  creamy  and 
slightly  wrinkled  growth  was  obtained,  which  produced  a  slight  liquefaction  by 
the  second  day. 

Culture  6. — Replanted  from  "blood  agar"  (on  which  it  had  been  grown  as 
Gram-positive  streptococci)  to  Loefller,  washed  as  detailed,  gave,  by  the  fourth 
day,  many  small  white  colonies  containing  coccoid  bacilli  which  were  intermediate 
in  the  way  in  which  they  were  affected  by  Gram — they  were  neither  distinctly 
positive  nor  negative.  A  replant  to  the  same  medium  gave,  by  the  fourth  day,  a 
growth  which  began  to  show  liquefaction  and  in  which  the  organisms  of  the  sof- 
tening areas  had  developed  to  the  "sporulating"  large  Gram-positive  bacilli.  From 
this  last  culture  the  same  form  (large  Gram-positive  sporulating  bacillus)  was 
propagated  on  plain  Loeffler  for  ten  generations  and  then  transferred  to  serum 
(plural  exudate)   to  which  a  small  amount  of  calcium  oxide  had  been  added. 
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Cultivated  in  this  for  six  generations  (five  days  a  generation)  a  growth  consist- 
ing almost  entirely  of  fine  Gram-positive  diplococci  was  developed. 

General  Considerations  of  Variations  Observed. — Form. — It  is  seen 
from  the  above  that  growth  in  serum-containing  fluid  media  tends  to  cause  the 
organism  to  assume  the  coccoid  form,  even  after  extensive  cultivation  as  a  dis- 
tinct bacillus  on  other  media. 

Development  to  the  sporulating,  Loetfler  licjuefying,  bacillus  is  seen  to  be 
easily  secured  by  growth  upon  this  medium  washed  with  limed-hydrocele-bouillon 
mixture. 

It  should  be  emphasized  that  for  the  complete  transform^ition  of  the  coccus 
form  into  the  bacillus  form  of  the  organism,  or  vice  versa,  sometimes  many  gen- 
erations are  necessary.  The  sporulating  bipolar  bacillus  evidently  is  the  fully 
developed  organism,  and  the  tendency  of  all  cultures  is  to  develop  into  this. 
Therefore,  it  is  easy  to  derive  the  bacillus  from  the  coccus  form,  but  more  diffi- 
cult to  change  a  culture  in  the  bacillus  form  into  the  coccus  form.  Thus  a  re- 
plant of  the  bacillus  form  in  serum  (fluid)  often  grows  with  difficulty,  and  the 
first  generation  or  so  show  many  bacilli,  and  forms  intermediate  between  bacilli 
and  cocci.  Also,  the  elimination  of  all  bacillus  forms  from  such  a  culture  often 
requires  a  good  many  transplantations.  Further,  individual  strains  (cultures 
from  dififerent  sources)  of  the  organism  vary  considerably  in  their  amenability 
to  these  transformations. 

Gram. — Gram-positive  staining  properties  were  developed  in  hmed  serum 
mixtures,  and  were  also  manifested  w^henever  the  complete  development- of  the 
organism  took  place,  i.  e.,  when  polar  bodies  were  formed.  In  transplants  from  a 
medium  conducing  to  the  development  of  Gram-positiveness  to  one  tending  to 
make  the  organism  Gram-negative,  or  vice  versa,  it  is  to  be  noted  that  a  few  or- 
ganisms, retaining  the  parent's  characteristic,  usually  appeared  in  at  least  the 
first  transplant.  But  when  the  new  conditions  were  continued  in  further  genera- 
tions such  ''reversions"  tended  to  disappear. 

Ferment. — Liquefaction  of  the  Loeftler  seemed  to  depend  upon  whether  the 
organisms  in  a  given  culture  reached  the  sporulating  stage  in  large  numbers  or 
not;  so  it  seems  that  sporulation  frees  the  ferments  that  cause  this  phenomenon. 
Note  that  whenever  the  Gram-negative,  nonsporulating  form  persisted  no  lique- 
faction appeared.  Difficulty  was  experienced,  as  has  been  noted,  in  causing  Cul- 
ture 5  to  liquefy  Loeffler,  and  it  was  only  by  replanting,  on  Loeffler,  organisms 
from  a  pellicle  which  had  formed  on  a  bouillon  culture  that  this  was  finally 
effected. 

'  Gas  Production  was  noted  in  the  case  of  Culture  1  onlv.     \\  lien  first  isolated, 

the  organism  of  this   culture   failed   to  ])r()(luce   gas   on   sexeial    trials.      Later   a 

I      small  amount  of  gas  was  produced  in  bouillon  containing  1%  dextrose.     No  gas 

'  was  produced  by  the  organisms  of  the  other  cultures  tested,  although  it  is  be- 
lieved that  all  could  be  got  to  effect  its  production.  b\  more  extinded  etlort, 
just  as  was  the  case  with  Culture  1. 

I  Indol. — After  a  growth  in  1%  ])eptone  water  for  six  days,  the  nitrosoindol 

I      test  (Salkowski)  was  api)lied  with  the  following  results: 
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Culture  1  Faint  pink  ring. 

Culture  2  None. 

Culture  3  Faint  pink  ring. 

Culture  4  Distinct  pink  ring. 

Culture  5  None. 

Culture  6  None. 

Indol  production  (detectable  by  this  test)  is  therefore,  probably,  an  unstable 
characteristic  of  the  organism  and,  I  believe,  could  be  obtained  with  any  culture. 
Reaction  of  Cultures.— Rep\3^nti  of  six  cultures  were  made  in  two  sets  of 
tubes  of  bouillon  colored  with  litmus,  one  set  slightly  acid  and  the  other  faintly 
alkaline.  Growth  was  obtained  in  both  sets  and  while  no  change  in  color  m 
the  acid  set  was  observed  the  blue  color  of  the  alkaline  set  had  changed,  by  the 
end  of  a  week,  to  a  greenish.  We  may;  therefore,  conclude  that  the  organism 
produces  acid  in  bouillon  cultures. 

Motility.— Original  plants  in  fluid  media  of  high  serum  percentage  show  no 
motilitv,  unless  a  tumbling  motion  of  individual  "coccoids"  may  be  denominated 
such.  Replants,  however,  in  fluid  media  not  containing  serum,  show  a  motility 
which  varies  with  the  culture— sometimes  sluggish  or  entirely  absent,  but  com- 
monly very  active.  A  replant  of  a  motile  culture  in  serum  media  commonly  gives 
a  non-motile  organism. 

Smears  from  motile  cultures  showed  that  the  organism  has  a  single  short 
terminal  flagellum  (VanErmengem's  stain). 

Filterability.— Cultures  (from  eight  sources),  in  limed-hydrocele-bouillon  (2 
days'  growth)  and  three  day  liquefying  cultures  on  Loeffler  were  passed  through 
Berkefeld  filter  No.  V.  Plants  made 'from  the  sixteen  filtrates  gave  profuse 
growths  similar  to  the  original  cultures. 

Temperature  of  Growth.— Replants  of  cultures  from  eight  sources  (includ- 
ing western)  were  planted  on  plain  Loeffler  and  incubated  at  75°  F.  When  it  was 
found  that  good  growth  was  obtained,  a  similar  set  was  incubated  for  48  hours 
at  70=  F.  ("summer  heat").  Six  of  these  cultures  showed  a  profuse  development, 
and  two  only  a  faint  growth.  First  generation  replants  from  the  latter  gave  a 
profuse  growth  under  the  same  conditions  within  a  second  48  hours. 

Cultivation  in  Milk  and  Resistance  to  Pasteurization.— Cultures  of  the  eight 
"strains"  mentioned  were  sown  in  two  sets  of  tubes  containing  sterilized  milk  of 
the  market  variety  (24  hours  old,  slightly  acid  to  litmus)  and  one  set  incubated 
at  98°  and  the  other  at  70°  F.  for  48  hours.  At  the  end  of  this  period  all  cul- 
tures were  swarming  with  minute  coccoid  bodies,  and  yet  no  apparent  change  had 
taken  place  in  the  milk,  with  the  exception  of  Culture  1,  grown  at  98^.  which  had 
coagulated.  Both  sets  of  cultures  were  heated  in  a  water  bath  for  30  minutes  at 
142°  to  145°  F.  and  replants  from  all  then  made.  Good  growths  resulted  in  all 
instances.  This  experiment  was  repeated  again,  only  allowing  24  hours  for  the 
development  of  the  organisms  in  the  milk.  At  the  end  of  this  period  organisms 
were  plentiful  in  all  the  cultures,  but  much  fewer  in  those  grown  at  70°  than  m 
the  corresponding  tubes  incubated  twice  the  time  (48  hours).  No  coagulation 
took  place  with  Culture  1.  All  cultures  survived  the  pasteurization  process  (30 
minutes,  142°  to  145°  F.)  and  gave  profuse  growths  on  replants  thereafter. 
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Animal  Tests. — 

Rabbits. — Among  fourteen  rabbits  of  a  series  (each  injected  in  the  ear  vein 
with  from  ^  to  1  c.c.  of  a  fluid  poHomyeHtis  culture — bacillus  form)  two  de- 
veloped a  flaccid  paralysis  of  one  hind  leg,  noticeable  on  the  third  day,  and  one  a 
partial  paralysis,  showing  as  weakness  of  hind  legs.  No  other  symptoms,  except 
general  weakness,  were  noticeable.  The  last  mentioned  died  on  the  fifth  day,  and 
two  others  were  killed,  and  autopsies  made  on  the  three.  Meninges  of  brain  and 
cord,  and  portions  of  the  gray  matter  beneath,  of  the  three  were  markedly  con- 
gested, and  microscopical  examination  showed  areas  of  infiltration  around  blood 
vessels. 

One  rabbit  died  without  manifest  symptoms,  on  the  second  day  following 
inoculation,  and  autopsy  showed  the  same  meningeal  and  gray  matter  engorge- 
ment. 

Ten  rabbits  showed  no  definite  symptoms,  but  three  of  them,  killed  on  the 
fourth  day  following  injection,  showed  considerable  congestion  of  brain  and 
cord. 

Cats. — Similar  inoculations  made  into  the  saphenous  veins  of  young  cats 
gave  results  as  follows : 

Two  died  on  the  fourth,  and  one  on  the  sixth  day,  after  having  shown 
extreme  prostration  and  having  refused  all  food.  During  the  four  days  of 
illness  all  manifested  a  nasal  discharge,  and  sneezed  very  frequently. 

After  showing  similar  symptoms,  eight  cats  recovered  within  periods  rang- 
ing from  two  days  to  two  weeks. 

One  cat,  on  the  second  day,  developed  marked  paralysis  of  the  back  muscles 
and  a  weakness  of  one  hind  leg.  Two  others  showed  a  transient  paralysis  mani- 
fested by  distinct  "weakness"  of  hind  legs.  The  last  three  animals  also  showed  a 
nasal  discharge,  with  accompanying  sneezing. 

All  of  the  cats  were  given  from  0.6  to  2  c.c.  of  a  fluid  culture. 

Autopsies  on  the  three  cats  that  died,  and  on  five  that  were  killed  w  ithin  two 
weeks  following  injections,  showed  similar  lesions  to  those  found  in  the  case  of 
the  rabbits,  in  one,  however,  small  cerebral  hemorrhages  had  taken  place. 

Dogs. — Swabs  soaked  with  a  fluid  culture  were  rubbed  over  the  nasal  mucosa 
of  two  young  dogs  with  the  result  that  from  the  second  day  for  about  two  weeks 
one  manifested  a  severe  and  the  other  a  mild  catarrh.  The  first  showed  con- 
siderable discharge  but  the  latter  only  frequent  sneezing. 

Another  (a  young  fox  terrier)  inoculated  in  the  ear  vein  with  1  c.c.  of  a 
fluid  culture  was  made  very  ill  for  about  a  week  with  symptoms  of  prostration, 
fever,  and  frequent  sneezing.  At  the  end  of  this  time,  as  he  apparently  was  re- 
covering, a  second  dose  of  double  the  quantity  was  given  in  the  same  manner. 
The  next  day  he  was  ai)parently  quite  sick  but  showed  no  catarrhal  sxinptonis. 
On  the  second  day  he  was  very  weak  in  the  hind  legs  and.  towards  e\ening,  I 
noticed  that  he  carried  his  right  hind  leg,  which  was  evidently  ])artially  paralyzed. 
On  the  third  day  his  left  fore  leg  was  likewise  afl^ected  and,  while  he  could  use  it 
in  standing,  it  was  very  weak.  This  dog's  bladder  was  al.'ii)  involved  in  the 
paralysis,  since  urine  dribbled  when  he  moved,  or  when  his  abdomen  was  struck. 


680  THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

Another  young  dog,  inoculated  with  3  c.c.  of  the  same  culture,  died  on  the 
fourth  day,  after  great  prostration-and  some  catarrhal  manifestations. 

One  adult  dog,  inoculated  with  1  c.c.  of  the  culture,  showed  no  symptoms 
beyond  apparent  fever  and  anorexia  lasting  about  24  hours. 

Two  puppies,  four  weeks  old,  each  intravenously  inoculated  with  1  c.c.  of 
the  culture  developed  within  24  hours  extreme  prostration  and  marked  catarrh 
which  within  three  days  showed  as  a  marked  nasal  discharge.  Both  dogs  died 
on  the  fifth  day.  The  three  dogs  that  died  and  the  other  four,  which  were  chloro- 
formed a  week  after  receiving  their  doseiof  the  culture,  were  autopsied. 

The  two  dogs,  of  which  the  nasal  mucosa  was  swabbed  with  a  culture, 
showed  no  lesions  beyond  a  congestioa.of  the  mucous  membrane  mentioned. 

The  paralyzed  dog  showed  marked  congestion  and  infiltration  of  both  brain 
and  spinal  cord,  together  with  a  number  of  small  hemorrhages  into  the  gray 
matter  of  each. 

The  unaffected  adult  dog  showed  a  congestion  of  the  meningeal  vessels, 
principally  those  of  the  brain. 

The  lesions  in  the  three  dogs  that  died  were  more  marked :  All  had  extreme 
congestion  of  the  meningeal  vessels  of  both  cord  and  brain,  and  a  marked  infiltra- 
tion of  the  adjacent  gray  matter.  Small  hemorrhages  into  the  gray  matter  and 
from  the  meningeal  vessels  were  common  in  the  three  dogs. 

Lesions  Outside  Nervous  System. — Autopsies  of  all  the  animals — rabbits, 
cats,  guinea  pigs,  and  dogs — that  died  as  a  result  of  the  inoculations  disclosed 
general  hemorrhagic  tendencies  especially  marked  in  the  subcutaneous  vessels. 
One  such  cat,  two  rabbits,  one  guinea  pig  and  a  dog,  of  the  same  category  also 
manifested  considerable  congestion  of  the  kidneys,  and  in  the  case  of  the  last 
mentioned  cat  both  spleen  and  liver  were  markedly  swollen.  The  nasal  mucosa 
of  nearly  all  of  the  animals  was  congested  in  varying  degree.  One  rabbit  also 
showed  a  severe  general  congestion  of  both  lungs. 

From  the  brains  of  all  of  the  animals  described,  that  died  or  were  killed, 
the  organism  was  recovered  in  pure  culture. 

The  similarity  of  the  symptoms  of  experimental  poliomyelitis  in  animals,  as 
evidenced  in  the  preceding  experiments,  and  those  of  others,  to  the  disease 
known  as  distemper  is  most  interesting. 

No  inoculations  (except  of  the  one  rabbit  described)  were  made  directly  into 
the  centl-al  nervous  system,  since  it  was  felt  that  paralysis  might  follow  such 
operations  even  in  the  case  of  organisms  which  could  never  naturally  affect  it. 

Relationship  of  Poliomyelitis  and  Distemper. — Among  dogs  suffering  from 
distemper  paralysis  develops  in  a  small  percentage  of  the  animals.*     For  in- 

*In  connection  with  the  frequency  and  form  of  nerve  center  involvement  in  distemper  of  dogs,  the 
foUowirig  quotations  are   of  interest: 

"In  a  few  cases  the  disease  leaves  after  it  a  permanent  paresis. of  the  hind-quarters  and  a  vesicorectal 
paralysis..  We  have  several  times  noticed  paralysis  of  the  tongue."  (Friedberger  and  Frohner:  Path,  and 
Ther.   of  the  Domestic  Animals,  ii,   35.) 

The  same  authority  says  that  "cerebral  edema"  is  usual,  and  also  "slight  edema  of  lumbar  region" 
of  the  cord.  In  "acute  paralysis,"  accompanying  distemper  in  dogs,  an  exudate  is  found  around  the  blood 
vessels  of  the  nerve  center  and  a  degeneration  of  the  latter.  In  "chronic  paralysis."  "circumscribed  in- 
terstitial myelitis,  with  partial   atrophy   of  the   nerve  substance,"   is  the   rule   (Ibid.,   354). 

"Paralysis  may  follow  the  convulsions  (in  distemper)  or  it  may  come  on  simultaneously  with  them. 
It  seldom  occurs  at  the  beginning  of  the  disease.  It  may  be  confined  to  certain  groups  of  muscles,  as  those 
of  a  limb,  the  whole  of  the  hind-ciuarters,  or  even  involve  the  entire  body  in  the  form  of  paresis,  especially 
of  the   motor   nerves,   combined   with   excessive   muscular   weakness. 

"Usually  the  brain  is   the  seat  of  edema.      In   some  cases  the  brain  substance,  especially  the  walls  of 
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stance,  during  six  months,  ending  Nov.  30,  1916,  the  pay  clinic  for  dogs  of  the 
A.S.P.C.A.  (in  New  York  City)  treated  3,055  dogs,  and  506 — 16.5  per  cent — 
of  these  are  recorded  in  the  chnic  register  as  suffering  from  distemper.  Among 
these  distemper  cases  only  about  5  per  cent  showed  paralytic  symptoms  or  signs 
of  nerve  center  involvement. 

It  is  well  known  that  cats  suffer  from  distemper  due  to  infection  by  the  same 
organism  that  causes  the  disease  of  dogs,  but  a  cat  so  affected  only  occasionally 
shows  paralysis.! 

The  following,  partly  inadvertent,  experiment  is  interpreted  as  strongly  in- 
dicating the  identity  of  the  two  organisms  (poliomyelitis  and  distemper).  In 
injecting  a  cat  (intravenously)  with  a  culture  of  the  organism,  and  wishing  to 
give  a  second  syringeful  of  the  material,  I  detached  the  needle,  leaving  it  in  the 
vein,  and  refilled  the  syringe,  then  returned  it  to  its  connection  with  the  needle. 
Resistance  was,  however,  met  to  the  flow  through  the  needle  (owing  probably  to  a 
blood  clot)  and  when  I  added  extra  pressure  to  the  piston  some  of  the  culture 
squirted  out  around  the  needle-syringe  joint,  a  drop  reaching  one  of  my  eyes.  It 
was  carefully  washed  out  with  a  solution  of  a  silver  salt  and  I  thought  no  more 
about  it.  .  About  72  hours  later  I  felt  a  slight  soreness  of  the  throat  and  some 
signs  of  digestive  disturbance,  including  a  slight  headache.  Temperature  was 
not  taken,  but  if  it  was  elevated  at  all,  it  must  have  been  very  slightly.  I  went 
ahead  with  my  usual  routine,  never  suspecting  anything  but  one  of  the  every 
day  indispositions  with  which  everyone  is  occasionally  troubled,  although  I 
afterwards  realized  that  I  had  felt  very  unusually  nervous, .all  day.  After  I  got 
to  bed  I  could  not,  as  I,  as  a  rule,  invariably  do,  get  to  sleep  at  once,  but  had  to 
sit  up  repeatedly  owing  to  an  unexplainable  feeling  that  I  could  not  breathe. 
There  was  not  the  slightest  interference  with  control  of  any  respiratory  act  nor 
of  any  muscle.  Through  the  night  I  slept  very  little,  owing  to  a  repetition  of 
this  uneasy  sensation.  The  next  day  I  felt  fairly  well,  though  slightly  weak, 
which  continued  to  be  the  case  for  several  days. 

The  following  morning  I  began  to  suspect  that  the  cause  of  the  sensation 
might  be  a  poliomyelitis-organism  pharyngitis,  and  determined  to  investigate.  The 
I)ost-pharyngeal  mucous  glands  appeared  markedly  swollen,  and  scrapings  dis- 
closed a  great  many  spear-head  shaped  "streptococci-like"  organisms,  which  sub- 
sequently gave  developments  on  cultivation  identical  with  those  of  the  culture  I 
had  used  on  the  cat. 

The  same  day,  four  platinum-wire  loopfuls  of  mucus  from  my  ])harynx 
were  mixed  in  1^  c.c.  of  saline  solution,  and  1  c.c.  injected,  intracerebrally  into 
a  rabbit,  and  ^  c.c.  intraperitoneally  into  a  young  guinea  pig.  The  rabbit  de- 
veloped paralytic  symptoms  within  24  hours,  affecting  princi]\'illy  the  adductor 
muscles  of  his  legs,  but  as  he  fell  about  considerably  I  thoui^ht  that  his  sense  of 
equilibrium  was  affected  (Fig.  5).  This  rabbit  appeared  to  be  recovering  for 
some  days,  but  finally  died,  and  the  autopsy  showed  marked  engorgement  of  the 


the  vessels,  is  infiltrattil  with  leucocytes.  ChaiiKCs  in  the  spin.il  conl,  which  ;uc  iint  well  m.Tiked,  consist 
chiefly  of  anemia  and  slight  cdcnia,  especially  in  the  lumbar  rcKiiin."  In  acute  paralysis,  there  are  chaiiKcs 
in  the  walls  of  vessels,  with  an  exudate  aloiiR  the  vessels  and  in  the  interstitial  tissue  of  the  Kray  matter 
of  the  spinal  cord.  In  chronic  distemper  there  is  a  localized  interstitial  myelitis  with  partial  atrophy  of  the 
cord:  (Moore:  The  Pathology  and  Differential  Diagnosis  of  Diseases  of  Animals,  .M.D. 
tibid. 
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brain  and  cord,  and,  microscopically,  much  round  cell  infiltration  and  a  consider- 
able number  of  organisms  that  upon  cultivation  proved  to  be  identical  with  those 
of  the  original  culture. 

The  guinea  pig  died  on  the  fourth  day,  and  the  postmortem  showed  conges- 
tion of  the  meningeal  vessels  of  the  cord.  Those  of  the  brain  were  extremely 
congested,  and  in  many  places  had  given  rise  to  small  hemorrhages.  Everywhere 
in  the  substance  of  the  brain  the  same  engorgement  of  the  blood  vessels  was  ap- 
parent, and  many  extravasations  of  blood  were  found.  Round  cell  infiltration  of 
the  adjoining  brain  matter  was  distinct.  Cultures,  from  the  brain  and  cord,  gave 
the  organism  of  the  culture  originally  used. 

The  above  mentioned  guinea  pig  had  been  kept  ih  the  same  cage  with  an- 
other of  the  same  age,  an  adult  guinea  pig  and  a  young  rabbit.  Five  days  after 
the  death  of  the  first  guinea  pig  I  found  the  companion  guinea  pigs  dead,  and 


Fig.  ?. — Rabbit  intracerebrally  inoculated  with  1  c.c.  of  saline  -containing  two  platinum  loopfuls  of 
mucus  from  the  throat  of  the  experimenter  accidentally  infected  with  Culture  4.  Photograph  taken  three 
days  before  death. 


the  rabbit  sick.  Autopsies  of  the  two  guinea  pigs  disclosed  extreme  congestion 
of  the  vessels  of  the  brains  and  cords,  with  small  hemorrhagic  extravasations 
here  and  there,  upon  and  in  the  brain  tissue,  and  accompanying  round  cell  in- 
filtration. 

An  illustration  herewith  shows  the  congestion  of  the  meningeal  vessels  of 
the  second  young  guinea  pig  (the  contact  case). 

The  contact  rabbit  died  24  hours  later  and  a  similar  involvement  of  the 
nervous  system,  without  other  apparent  lesion,  was  foimd  on  autopsy.  The 
brains  and  cords  of  these  three  animals  gave  the  organism  of  the  culture  orig- 
inally used  on  the  cat. 

Feeding  Experiments. — The  carcasses  of  the  two  infected-by-contact  guinea 
pigs  were  fed  to  two  cats,  one  of  which  developed  the  symptoms  of  distemper 
(catarrah  and  prostration)  with  the  apparently  identical  organism  in  the  dis- 
charge.   The  attack  took  four  days  to  develop  and  lasted  about  a  week. 
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Two  cats  fed  on  2  c.c,  and  3  c.c,  respectively,  of  cultures  (grown  in  milk) 
developed  a  copious  diarrhea  which  lasted  seven  and  ten  days,  respectively. 

The  Organism  from  Naturally  Acquired  Distemper  in  Animals. — Something 
should  be  said  here  in  regard  to  the  organism  causing  distemper  in  animals,  and 
its  characteristics : 

I  find  it  stated,  generally,  in  textbooks  and  the  other  literature,  that  all  (or 
most)  of  the  domestic  animals  sufifer  from  infectious  processes  due  to  organisms 
which  are  at  least  allied  to  the  bacillus  causing  the  distemper  of  dogs  and  cats. 
Characteristics  common  to  all  of  the  organisms  so  operative  are  described  as  fol- 
lows :* 

"Characteristics  common  to  the  pasteurella  group. — Organisms  of  the  pas- 
teurella  group  are  nonmotile  coccobacilli.  Gram-negative,  very  pleomorphic,  and 
staining  more  deeply  at  the  ends  than  in  the  center.  They  do  not  form  spores,  do 
not  liquefy  gelatin  nor  coagulate  milk,  they  give  no-  visible  growth  on  potato,  are 
primarily  aerobic,  but  can  be  grown  anaerobically.  They  give  rise  in  culture  to  a 
peculiar  and  characteristic  odor. 

"According  to  Lignieres,  these  organisms  do  not  produce  indol  in  culture, 
but  old  cultures  of  the  bacillus  of  fowl  cholera  (the  avian  pasteurella)  certainly 
contain  indol." 

Besson,  the  author  of  the  textbook  quoted,  describes  the  organisms  of  this 
group  under  the  general  term  "Pasteurellas"  and,  in  regard  to  the  group  as  a 
whole,  writes  :t 

"As  Nocard  held,  the  organisms  isolated  from  different  animal  species  must 
be  regarded  as  varieties  of  the  same  bacillus,  and  the  conclusion  arrived  at  is  in 
short  this :  that  there  is  one  Pasteurella,  which  can  pass  from  one  animal  species 
to  another,  and  which  by  adaptation  in  one  species  can  produce  a  disease  peculiar 
to  that  species." 

Last  fall  I  obtained  cultures  from  three  dogs  suffering  from  canine  dis- 
temper, in  order  to  compare  the  organism  with  that  from  poliomyelitis,  with  the 
following  results : 

Mucus  from  the  nares  and  nasal  discharges  of  all  three  dogs  showed  great 

numbers  of  small  bipolar  bacilli  which  varied  considerably  in  size,  and  in  their 

response  to  the  Gram  stain — in  the  same  smear  some  appearing  Gram-positive, 

some  Gram-negative,  and  some  intermediate   (not  positively  either  positive  or 

negative).     Cultivation  of  these  organisms,  by  the  methods  detailed  in  connec- 

I  tion  with  the  poliomyelitis  cultures,  gave  growths  of  an  organism  which  cor- 

I  responded  in  all  particulars  (not  detailed  as  space  would  hardly  permit)  with  the 

1  poliomyelitis  bacilli.     There  were  slight  differences,  to  be  sure,  but  onlv  similar 

I  ones  to  those  between  poliomyelitis  cultures  of  different  source. 

However,  the  characteristics  of  the  distemper  bacilli  isolated  did  not  cor- 

■  respond  in  some  important  particulars  with  those  given  for  the  class  in  the  (juo- 

1  tation  from  Besson:  they  could  be  grown  to  show  motility^  and  also  involution 

forms  resembling  spores.     In  these  particulars  they  varied  just  as  did  llu-  itolio- 

j myelitis  bacilli;  in  accordance  with  the  method  of  cultivation. 


•English   Edition   of  I'.c-sson's  "I'lactical    llacli  riolugy,   MicrohioloKV,   and   SiTuni   Therapy,"  p.    AA7. 
+  Il)id.,  AA(k 

JMcOowan     (J(jiir.    I'alh.    and     llacHiiol.,    xv,    372)     stated    that    the    liacillus    of    doK    distemper    was 
t    slightly  motile." 
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The  culture  denominated  Distemper  I,  mentioned  in  this  article,  was  ob- 
tained from  a  hound  under  the  care  of  Dr.  Little,  Veterinarian  in  charge  of  the 
A.S.P.C.A.   clinic,   previously  mentioned. 

Agglutination  tests  of  this  bacillus,  against  specific  antipoliomyelitis  sera, 
and  against  the  blood  of  poliomyelitis  convalescents  are  given  in  the  accompany- 
ing tables.    Results  vary  much  as  with  poliomyelitis  cultures. 

Table  I. 
Summary  of  Agglutination  Tests.* 


BLOOD    SPECIMENS. 

In  dilutions  of  1:40 — 

11   blood   specimens   completely   agglutinated   one  or   more   of   the   six   cultures. 
In  this   dilution  : 

7  specimens    completely    agglutinated    1    culture    each. 
3  "  '■  "2  cultures      " 

1  "  "  "  3 
In  dilutions  of  1:20 — 

26  blood  specimens   completely  agglutinated  one   or   more   of   the   six   cultures. 
In  this   dilution : 

14    specimens    completely  agglutinated  1    culture    each. 

8  "  "  "  2  cultures      " 

2  "  "  "  3 

1  "  "  "  4        " 

1  "  "  "  5        " 

In  dilutions  of  i :  10 — 

37  blood   specimens   completely  agglutinated  one   or   more   of  the   six   cultures. 
In  this   dilution  : 

9  specimens    completely    agglutinated  1    culture    each. 


12 

2  cultures 

' 

6 

3 

" 

5 

4 

" 

3 

5 

2 

6 

'* 

CULTURES. 

Number 

Dilution  1:10 

1:20 

1:40 

1 

Times  completely  agglutinated 

11 

4 

1 

2 

24 

12 

4 

3 

10 

4 

1 

4 

20 

9 

1 

5 

22 

14 

8 

6 

11 

2 

1 

'Thirteen  (13)  specimens  failed  to  completely  agglutinate  any  of  the  cultures.  It  is  notewortliy  that 
all   the  acute  cases    (6)    were   among  this   number. 

Serum  tested  was  from  three  cats,  injected  each  three  times  with  increasing 
doses  of  cultures.  Serum  A  was  made  with  Culture  1 ;  Serum  B,  with  Culture  3; 
and  Serum  C,  with  Culture  4  (Table  II) . 

Serology.— Agglutination  Tests.— Table  I  contains  a  summary  of  1500  ag- 
glutination tests  made  with  the  blood  of  fifty  children,  stricken  with  poliomyelitis 
in  the  recent  epidemic  in  New  York  City.  Thirty-six  of  the  children  were  in  the 
Seaside  Hospital,  Brooklyn,  nine  in  the  Riverside  Hospital  (for  acute  cases), 
one  in  the  Long  Island  College  Hospital  and  four  under  the  care  of  various  Brook- 
lyn physicians. 

In  all,  except  one  case,  dried  blood  was  used  in  making  the  required  dilutions, 
which  were  standardized  by  color.     The  dilutions  are  recorded  in  parts  of  blood 
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(not  serum)  so  that  1  to  10  agglutination  represents  1  part  of  blood  in  10  parts 
of  saline  and  culture. 

In  glancing  over  the  table  it  will  be  seen  that  no  blood  completely  agglutinated 
in  dilutions  greater  than  1  to  40,  and,  we  find  that  in  this  dilution  but  11  of  the  50 
specimens  were  effective.  In  dilutions  of  1  to  20,  26  specimens  completely  agglu- 
tinated one  or  more  cultures,  and  in  1  to  10,  Z7,  while  13  failed  to  completely 
agglutinate  any  culture. 

In  Table  II  are  recorded  agglutination  tests  made  with  sera  from  cats  which 

Table  II. 

Antipoliomyelitis  Serum, .^gglutixation  Tests. 

(Tests  recorded  after  incubatiorrfor  one  hoiiT  at  98°  F.) 


Serum 

A 

B 

c 

Culture 

1 

2 

3 

4 

5 

6 

D 

1 

2 

3 

4 

5    6 

D 

1     2 

3 

4 

5    6  D 

Dilution  of 

serum 

1:  10 

C 

C 

C 

0 

C 

C 

C 

c 

C 

C 

S 

C    C 

C 

•C    C 

s 

c 

sec 

1:20 

C 

P 

C 

C 

C 

C 

c 

C 

C 

0 

c  c 

C 

C    C 

s 

c 

sec 

1:40 

C 

s 

C 

P 

C 

P 

c 

c 

C 

P  c 

S 

C    P 

0 

c 

0  S   0 

1:80 

C 

0 

s 

0 

C 

s 

c 

c 

C 

s  c- 

0 

P    S 

c 

O 

1:  160 

C 

0 

P 

0 

c 

p 

C 

0  P 

S   0 

c 

1:200 

C 

0 

p 

o 

C 

0 

o 

p 

1:320 

C 

0 

P 

s 

1:400 

C 

s 

0 

1:500 

C 

0 

1:600 

C 

1:700 

P 

1:800 

P 

1:900 

s 

1 :  1000 

s 

Key:      Cultures   1   to   6   are  the  same   as   those   so   numbered   in   Table   I.      Culture   D   is   of   distemper 
bacillus  I.     O,   S,  P,  C  denote:   no,   slight,  partial,  and  complete  agglutination,   respectively. 

Table  III. 

Poliomyelitis  Blood  Agglutination  of  Distemper  Bacillus  I. 

(Tests  recorded  after  incubation  for  one  hour  at  98°  F.) 


Case   No. 


35       36       2,7       38       39       40       41       42       43       44       45 


Dilution  1 :  10 
1:20 
1:40 
1:80 
1:  160 


O 


p 

c 

c 

p 

p 

S 

c 

c 

s 

s 

0 

p 

s 

0 

p 
s 
o 

o 

0 

o 


o 


J  Key:     O,  S,   P,  C,  denote:  no,  slight,  partial,  and  complete  agglutination,  respectively. 

had  been  immunized  against  ])()li()myclitis  cultures  to  such  a  degree  that  (v^crum 
|I)  ten  times  the  ascertained  usually  fatal  dose  failed  to  affect,  h'roni  this  table 
jvve  see  that  one  culture  was  completely  agglutinated  in  dilutions  of  1  to  000, 
/hich  shows  that  the  poliomyelitis  organism  is  quite  susceptible  to  this  process. 
Table  III  (referred  to  elsewhere)  shows  the  agglutination  of  a  distemper 
t)acillus  by  poliomyelitis  blood. 

In  Table  IV  are  recorded  agglutination  tests  made  with  sera  of  adults  and 
jhildren  who  had  never  had  ]>oliomyelitis.     The  minimum  strength  in  which  any 
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of  these  bloods  completely  agglutinated  any  of  the  six  cultures  was  1  to  20,  4  out 
of  10  specimens  agglutinating  in  this  strength. 

From  these  facts  we  can  at  least  compare  the  strength  of  naturally  ac- 
quired immunity  in  man  and  that  which  may  be  induced  by  vaccination,  as  meas- 
ured by  the  agglutination  test,  a  comparison  which  is  seen  to  promise  well  in  ref- 
erence to  the  possible  effectiveness  of  antipoliomyelitis  sera,  since  serum  A  was 
at  least  15  times  as  powerful  as  the  "strongest"  blood  from  a  convalescent  child. 


Table  IV. 

Normal  Human  Blood  Agglutination. 

(Tests  recorded  after  one  hour  at  98°   F.) 


Number 

lA 

2A 

3A 

4A 

5A 

IC 

2C 

3C 

4C 

5C  " 

Poliomyelitis 

Culture  1 

1:  10 

0 

S 

s 

0 

P 

0 

0 

p 

o 

0 

1:20 

o 

0 

s 

s 

1:40 

0 

0 

1:80 

Culture  2 

1:10 

c 

c 

c 

c 

c 

o 

s 

c 

0 

0 

1:20 

p 

c 

c 

c 

p 

0 

c 

1:40 

s 

p 

p 

p 

s 

p 

1:80 

0 

s 

s 

S 

o 

s 

Culture  3 

1:  10 

o 

c 

p 

0 

s 

0 

s 

c 

o 

0 

1:20 

c 

s 

0 

0 

p 

1:40 

p 

0 

s 

1:80 

s 

0 

Culture  4 

1:10 

p 

c 

s 

c 

s 

p 

p 

c 

0 

0 

1:20 

s 

p 

0 

c 

0 

s 

s 

c 

1:40 

0 

s 

p 

0 

o 

p 

1:80 

0 

s 

s 

• 

Culture  5 

1:10 

0 

s 

p 

c 

s 

0 

p 

c 

o 

0 

1:20 

0 

s 

c 

o 

s 

c 

1:40 

p 

o 

p 

1:80 

s 

s 

Culture  6 

1:  10 

0 

o 

0 

0 

s 

o 

0 

p 

0 

0 

1:20 

0 

s 

1:40 

' 

0 

1:80 

_ 

Key:      Same   as   for 

Table 

III. 

Specimens    are 

:    numbered 
Tn    tVip    ras( 

in    two 
-   of  the 

series- 
adults, 

—those 
,   serun 

from 
1  was 

adults    corn- 
used;   in  the 

case  of  the  children,  dried  blood. 

As  only  three  inoculations  of  the  animal  were  made  in  producing  this  serum,  it 
may  be  surmised  that  a  much  more  powerfully  agglutinative  serum  might  easily 
be  developed. 

In  reference  to  the  normal  blood  reactions,  recorded  in  Table  IV  it  should  be 
mentioned  that  2C  and  3C  are  from  two  sisters,  residents  of  Brooklyn,  and  ex- 
posed to  the  recent  epidemic;  and  that  4C  and  5C  are  from  children  in  other 
communities  not  visited  by  the  disease.  Case  IC  is  from  my  own  son,  a  boy  ot 
16  years  of  age,  and  is  particularly  interesting  in  that  Culture  4,  the  only  one 
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agglutinated  at  all,  is  the  same  as  that  of  which  a  drop  is  recorded  as  having  ac- 
cidently  entered  my  eye. 

The  reactions  given  by  the  adult  blood  specimens  seem  to  be  about  such  as  we 
might  expect  from  known  immunes,  as  adults  so  generally  are.  All  completely 
agglutinated  at  least  one  of  the  six  cultures  in  dilutions  of  1  to  10. 

Specific  Agglutinability  of  Individual  Cultures. — In  the  tests  with  conva- 
lescent blood  there  are  so  many  "overlappings,"  as  it  were,  in  which  two  or  more 
blood  specimens  agglutinate  the  same  and  also  different  cultures,  that  it  would  be 
difficult  to  separate  the  cases  into  groups  in  accordance  with  the  cultures  agglu- 
tinated. However,  with  the  specific  antipoliomyelitis  sera  tested  (in  Table  II) 
we  find  a  markedly  specific  agglutination,  as  with  serum  A  and  its  antigen.  Cul- 
ture 1.  Something  of  the  same  is  seen  in  the  case  of  the  other  two  sera  and  the 
cultures  used  to  produce  them. 

Note  should  particularly  be  made  of  the  fact  that  while  serum  A  would  not 
agglutinate  Culture  4,  the  serum  made  with  this  latter  (4) — Serum  C — strongly 
agglutinated  the  culture  of  Serum  A  (1).  Also  that  Sera  B  and  C,  respectively, 
only  slightly  agglutinated  (1:10)  the  culture  used  to  produce  the  other. 

These  are  interesting,  but  not  easily  explicable,  facts  which,  however,  strongly 
point  to  the  probability  that  in  producing  a  serum  for  the  treatment  of  poliomyeli- 
tis, polyvalence  w-ill  be  necessary. 

ACUTE   CASE  OF   POLIOMYELITIS   TREATED   WITH    SPECIFIC    SERUM. 

While  visiting  Riverside  Hospital  to  get  nine  of  the  blood  specimens  recorded 
in  the  preceding,  (Table  I)  the  resident  physician  in  charge,  J.  W.  Crawford, 
asked  me  if  I  knew  where  he  could  obtain  some  serum  from  an  immune  person,  as 
the  physician  of  R.  Z.,  a  16  year  old  boy  specially  wished  to  have  it  tried,  as  he 
feared  the  patient  otherwise  had  no  chance  of  recovery.  I  told  him  of  the  cat 
serum  that  I  had  prepared  and,  after  the  patient's  physician  had  been  consulted  and 
had  urged  that  it  be  tried,  this  was  done. 

The  cat  sera  were  first  tested  for  any  possible  agglutinative  and  hemolytic  ac- 
tion which  they  might  have  on  the  patient's  corpuscles,  and  Dr.  Crawford  then 
.uave  him  intravenously  a  mixture  of  Sera  A,  B,  and  C,  about  35  c.c.  in  all. 

The  patient  had  been  paraplegic  and  had  suffered  from  bowel  and  bladder 
paralysis  since  his  attack  began,  six  days  before.  His  temperature  had  been  con- 
stantly about  103°  F.,  and  he  was  very  restless  and  complained  of  great  pain 
along  his  spine.  He  was  coughing  considerably  and  a  lung  complication  was  be- 
lieved imminent. 

No  effect  was  noticeable  from  the  serum  until  about  24  hours  after  its  ad- 
;  ministration,  when  the  patient's  bowels  and  bladder  emptied  themselves  for  tlu' 
I  first  time  since  his  illness  began,  six  days  before;  and  the  pain  in  his  spine  was 
markedly  relieved.  Relief  in  these  particulars  contiinied,  but  the  boy's  lung  com- 
plication grew  worse,  and  he  died,  three  days  later,  of  pneumonia  of  the  left  lung. 
jThis  case  was  one  of  the  last  of  the  epidemic,  and  no  otlu-r  <i]iportnnity  has  since 
jpresented  for  further  trial  of  the  sera. 
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SOME  EPIDEMIOLOGICAL   FACTS  IN   RELATION   TO  THE  BACTERIOLOGY. 

The  almost  exclusive  prevalence  of  poliomyelitis  in  summer  has  been  a  sub- 
ject .of  much  interest,  and  the  marked  subsidence  of  epidemics  at  the  commence- 
ment of  the  cooler  fall  temperatures  has  been  the  cause  of  much  speculation. 
Therefore,  the  fact,  demonstrated  in  the  foregoing,  that  the  organism  multiplies 
readily  at  "summer  heat"  (70°  F.)  is  interesting,  and,  I  think,  very  enlightening  as 
to  the  cause  of  summer  epidemics.  Especially  important  seems  the  fact  that  the 
poliomyelitis  organism  grows  well  at  summer  temperatures  in  market  milk,  and 
that  pasteurization  does  not  kill  it. 

The  literature  is  full  of  evidence  as  to  how  markedly  epidemics  of  poliomyeli- 
tis are  affected  by  the  outside  temperature,  and,  as  a  recent  example,  it  is  inter- 
esting to  note  the  mean  temperature,  and  the  number  of  cases  of  poliomyelitis 
reported,  in  New  York  City,  during  each  of  the  warm  months  of  1916: 


MONTH. 

MEAN- 

TEMPERATURE. 

CASES. 

May 

59.3° 

29 

June 

64.2  = 

756 

July 

73.8'=    (over  summer  heat) 

3863 

August 

73.6°   (over  summer  heat) 

3306 

September 

66.0° 

780 

October 

57.2° 

193 

During  the  course  of  the  epidemic  that  visited  Washington,  D.  C,  in  1910, 
the  temperature  varied  between  69.7°  and  77.6°  according  to  the  report  of  the 
special  commission  of  investigation. 

Recently  I  have  gone  over  most  of  the  literature  on  the  epidemiology  of 
poliomyelitis,  covering  more  than  50,000  cases,  and  have  noted  the  evidence  con- 
tained therein  that  few  or  no  babies  develop  the  malady  while  exclusively  breast 
fed.  However,  definite  statements  concerning  the  manner  in  which  the  affected 
children  have  been  fed  are  few,  and  to  such  evidence  we  have  to  add  that  of  the 
rarity  of  the  occurrence  of  the  disease  in  babies  under  one  year  of  age — who 
alone  would  be  likely  to  be  so  fed — and  its  extreme  prevalence  (in  at  least  90  per 
cent  of  all  cases)  in  children  under  ten. 

I  have  some  of  the  statements  found  in  the  literature,  bearing  on  this  ques- 
tion:  New  York  City  (1907) — "121  cases  exclusively  breast  fed  among  283 
under  2  years."  Massachusetts  (1907) — "None  of  7  cases  under  1  year  were 
exclusively  breast  fed."  Westphalia  (1909) — "Considerable  number  of  children 
at  the  breast  were  affected."  Massachusetts  (1909) — "No  case  among  exclusively 
breast  fed."  Iowa  .(1910) — "Two  cases  exclusively  breast  fed  among  47  con- 
sidered." Cincinnati  (1911) — "Fifteen  cases  exclusively  breast  fed  among  83 
considered."  Buffalo  (1912) — "Twelve  cases  exclusively  breast  fed  among  40' 
considered." 

How  the  age  incidence  of  the  malady  indicates  that  few  or  no  exclusively j 

breast  fed  infants  are  affected  is  illustrated  by  the  figlires  of  the  recent  epidemic 

in  New  York  City: 

Total  cases  9,023 

Under    1    year  11% 

1    to    5    years  68% 

5  to  10  years  16% 

10  to   16  years  2% 

Over  16  years  3% 
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Note  that  while  95%  of  all  the  cases  were  under  ten  years  of  age,  only  11% 
were  under  one  year ! 

The  bacteriological  relationship  of  poliomyelitis  of  man  to  distemper  of  the 
domestic  animals  is  illustrated,  epidemiologically,  in  Table  V,  which  I  have  com- 
piled from  the  literature : 

Table  V. 
Acute  Paralytic  Disease  Among  Domestic  Animals  Coincident  with   Epidemic 

Poliomyelitis. 


poliomyelitis  epidemic. 


annotation. 


authority. 


Vermont   (1894) 

Sweden   (1905) 

Dubois,  Pa.   (1907) 
Wisconsin  (1907) 

Oceana   Co.,   Michigan 

(1907) 
Khenish    Westphalia, 

Germany  (1909) 

MassachuseUs   (1909) 

Minnesota  (1909) 
California    (1910) 

Washington,    D.    C. 
(1910) 

Iowa  (1910) 

California    (1910-11) 

Sao    Paulo.    Brazil 

(1910-11) 
Cincinnati    (1911) 

Indiana   (1911) 

Ohio-Kentuckv  (1911) 
Maska    (1913) 


'Horses,  dogs  and  fowls  affected 
with    paralytic    disease." 

'Paralysis  among  dogs  and  other  ani- 
mals." 

'Paralysis  among  pigs  and  chickens." 

'Paralysis  :among  colts,  sheep,  cats, 
ducks,  and  many  other  animals." 

'Paralytic  disease  of  chickens." 

'Great  mortality  among  chickens." 


"Paralytic    disease    prevalent    among 
animals." 

"Colts,    paralysis   among." 
"Paralysis    among    colts,    dogs,    cats, 

and  chickens." 
"Prralytic    disease    appeared    among 

ducks   and    chickens    just    prior   to 

the  outbreak." 
"Paralysis    among    cats,     hogs,    and 

chickens." 
"Paralytic   disease   coincident   among 

domestic  animals." 
"1000    horses    and    4000    cattle    died 

with    'symptoms'   of    rabies." 
"Paralytic   disease   coincident   amon^ 

domestic   animals." 
"18     paralyzed      animals      associated 

with   102  cases  of  poliomyelitis." 
"Paralysis  Timong  chickens." 
"Outbreak  was   preceded   liy  a  great 

epidemic    of    distemper   among    tlie 

does." 


Caverley :      Jour.    A.    M. 

A.,   1896,  xxvi.   1. 
Wickmann.* 

Free.* 
Manning.* 

Griffin:        Jour.      Mich. 

Med.   Soc,  Feb.,   1908. 
Rbmer:        On      Epidem, 

Kinderlah,     Berlin, 

1911. 
Lovett :        Month.     Bull. 

Mass.    St.    Bd.    of    H., 

lune,  1910. 
Hill.* 
Snow.* 

Special      Committee  ,    of 
Investigation. 


Gundrum :       Cal.     State 
Jour.  Med.,  May,  1913. 
Carina.* 

Frost:     Hyg.  Eab.   Bull.. 

No.  90. 
King.* 

Battc.* 

Pierson  :       lour.    A.    M. 
A.,   Fel).  28.  1914. 


•Quoted  by  Frauenthal  and  Manning  in  their  hook  on  poliomyelitis,  "Infantile  Paralysis." 


co.xci.rsio.vs. 

it  is  demonslrated  thai  the  organism  isolated  from  the  lurvt'  centers  ol  cases 
[  of  poliomyelitis  (including  the  "streptococcus"  described  1»\-  various  observers) 
I  is  a  pleomorphic  bacillus  of  the  distemi)er  group,  which  x.iiics  m  iharacteristics 

Imuch  as  the  various,  sujjposcdly  different,  members  of  the  group  do  from  one  an- 
other; that  this  ]toliomyelitis  bacillus  could  cause  paralysis  in  cat^.  <l«>gs.  rabbits, 
and  guinea  pigs,  and  that  an  accidental  passage  of  a  cnltiue  through  man  gave 
rise  to  abortive  symptoms  of  the  mal;id\  ;  that  after  this  |;ist  named  passage  it 
'  "uld  produce  paralysis  in  a  rabbit,  aii<l  a  contagious  infection  of  guinea  pigs, 
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with  nerve  center  lesions;  and,  finally,  that  from  the  guinea  pigs  it  could 
produce  distemper  in  cats. 

Further  it  is  shown  that  the  organism  is  saprophytic  and  grows  well  in  milk 
at  "summer  heat ;"  and  that  it  resists  the  pasteurization  process,  while  contained 
therein.    Also,  that  it  forms  "spores,"  and  is  a  "filter  passer." 

It  seems  very  probable  that,  while  contact  cases  of  poliomyelitis  may  occur, 
either  by  direct  transmission  of  the  germ  from  animal  to  man,  or  from  man  to 
man,  the  great  mass  of  cases  which  comprise  epidemics  are  caused  by  milk  borne 
contagion,  and,  furthermore,  we  shall  have  to  regard  our  cows  as  possible  "car- 
riers" of  the  infection.  It  is,  of  course,  evident  that  infection  could  get  into  milk 
from  other  animals,  as  the  cat  and  dog,  or  even  from  a  human  carrier  (as  was 
supposed  to  have  occurred  in  a  series  of  cases  reported  by  John  C.  Dingman,  of 
Spring  Valley,  N'.  Y.,  in  the  December  number  of  the  New  York  State  Journal 
of  Medicine. ) 

Special  thanks  are  due  to  Anna  Williams,  Assistant  Director  of  the  Research 
Laboratory,  New  York  City  Department  of  Health,  for  pathologic  material; 
J.  W.  Crawford,  Acting  Resident  Physician,  Riverside  Hospital,  New  York  City, 
for  blood  specimens  and  trial  of  specific  serum ;  Walter  Truslow,  Chief  Attending 
Orthopedist  of  the  Seaside  Hospital,  Brooklyn,  N.  Y.,  for  blood  specimens ;  and 
Dr.  Little,  Veterinarian  in  charge,  A.  S.  P.  C.  A.  dog  clinic,  for  cultures,  etc. 


NEWER  CONCEPTIONS  OF  DEMENTIA  PRECOX  BASED  ON 
UNRECOGNIZED  WORK* 


By  H.  I.  GosLiNE,  M.D.,  Trenton,  N.  J. 


JUST  as  our  knowledge  of  any  given  subject  comes  to  being  out  of  many  little 
nebulous  masses,  so  we  have  gained  a  certain  amount  of  insight  into  the  nature 
of  dementia  praecox.  And  as  the  science  of  any  subject  owes  its  accurate  de- 
velopment to  the  work  of  the  laboratory,  so  our  present  knowledge  of  dementia 
praecox  has  been  built  up  from  the  many  little  nebulous  masses,  which  have  de- 
veloped in  the  laboratory  but  which  have  developed  into  a  concrete  whole ;  para- 
doxical as  the  idea  may  seem.  And  yet,  this  disease  form  which  makes  up  nearly 
a  quarter  of  all  the  cases  admitted  to  hospitals  for  the  insane  and  which  ac- 
counts, more  than  any  other  single  factor,  for  the  necessity  of  building  more  of 
.  such  institutions,  has  been  neglected  from  the  only  side  which  can  possibly  give  us 
hope  of  combating  its  spread,  the  laboratory  side.  Its  treatment  has  been  largely 
custodial,  symptomatic,  not  to  forget  recent  developments  in  industrial  teaching 
and  in  social  service  work. 

Laboratories  deal  with  technical  methods  and  for  this  reason  a  discussion  of 
our  present  knowledge  of  dementia  prsecox  or  a  presentation  of  newer  conceptions 
of  dementia  praecox  from  the  laboratory  point  of  view  must  be  more  or  less  inti- 
mately linked  with  a  discussion  of  the  methods  used  in  obtaining  the  knowledge. 
The  institution  of  exact  methods  begins  with  the  investigation  of  the  cause 
of  death  by  means  of  the  postmortem  examination.    The  earliest  investigation  of 
a  case  of  dementia  prsecox  that  I  have  been  able  to  find,  where  the  brain  and 
organs  were  examined  and  the  examination  published,  was  in   1844  by  Alquie 
(quoted  by  Cramer^  in  1896).    The  chief  finding  of  interest  to  us  is  that  the  gray 
,  matter  of  the  brain  was  injected.    This  observation  I  take  to  be  of  the  utmost  im- 
I  portance,  not  only  because  it  was  a  true  observation,  doubtless,  but  because  it  is  a 
1  frequent  finding  even  today,  though  not  confined  to  dementia  praecox,  of  course. 
(The  method  of  observation  is  also  important  and  the  one  most  generally  used  in 
medicine.     It  is  called  the  gross  method  or  the  macroscopic  examination.     I'sing 
this  method,  much  valuable  information  has  been  obtained  concerning  the  nature 
of  dementia  j)raeco.x. 

Jehn,-  in  1877,  speaking  of  acute  delirium,  and  some  of  these  cases  certainly 
jlook  like  dementia  prsecox  mentally,  remarks  on  a  high  grade  of  \ascularity 
found;  as  did  Alquie.     There  is  hyperemia,  clouding  of  the  pia,  reddening  of  the 

i:ortex,  increased  cerebrospinal  fluid,  and  edema  of  the  brain.  There  are  changes 
n  the  other  organs  and  the  hemoglobin  comes  out  of  the  l)loo(i.  L.  Meyer  ( 1857), 
-peaking  of  "acute  fatal  hysteria"  mentions  extensive  venous  hyperemia 
Cramer^).  Pauly^  (1869)  in  a  dissertation  at  Bonn,  mentions  edema  resulting 
rem  hyperemia.  Schule*  (1879)  separates  two  types  of  acute  delirium  -  oni' 
ihowing  hyperemia  of  the  ])ia,  a  few  with  serous  edema,  especially  of  llie  frontal 

'From   the    Pathologic  Department,   Worcester   State    Hospital,   Worcester,   Mass. 

Read  at  a  MeetiriR  of  the   Boston   Society  of  Psychiatry  and   Neurology,  at   noslon.   Mass.,    March   15, 
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lobes,  some  with  milky,  diffuse  or  punctiform  clouding  and  reddening  of  the  cor- 
tical surface  of  the  meninges — the  other  group  showing  nothing  in  the  meninges, 
but  a  venous  hyperemia  in  the  brain  and  an  increase  in  the  cerebrospinal  and 
ventricular  fluid.  Rezzonico^  (1884)  gives  the  history  of  a  male  of  forty-seven 
years  of  age  who  died  after  eleven  days  of  excitement.  There  were  no  external 
signs  of  disease  or  injury,  but  the  cortex  and  white  matter  were  remarkably  hyper- 
emic.  Similar  observations  were  made  by  BalP  (1885)  and  Holsti"  (1884).  Thick- 
ening of  the  meninges  without  exudate  is  frequently  seen,  as  noted  by  Klippel 
and  Lhermitte  (quoted  by  Zingerle^),  Obregia,«  Schiitz"  (1909),  Lukacs"  (1908), 
Marchand,^-  Goldstein, ^^  and  Weber^*  (1899).  So  hyperemia  of  the  brain,  thick- 
ening and  adhesions  of  the  meninges,  were  the  observations  of  the  day  in  cases 
which  we  can  recognize  today  as  being  those  of  dementia  prsecox  and  of  the  infec- 
tions or  intoxications  and  these  findings  were  linked  with  the  interests  of  the  day 
such  as  intracranial  circulation,  pressure,  and  stasis.  Such  were  also  the  findings 
of  Kahibaum^^  in  his  monumental  work  differentiating  katatonia,  or  tension  in- 
sanity, as  he  called  it. 

The  gross  method  was  not  exhausted  with  these  observations  but  turned  in 
new  directions  after  many  years.  Examination  of  the  convolutions  came  next  with 
the  claim  that  there  was  atrophy  (Klippel  and  Lhermitte,^**  1907),  that  there  was 
decrease  in  size  of  the  white  matter  and  of  the  cortex  (Obregia,  1906 — Zimmer- 
mann,^^  1907),  that  there  was  hemiatrophy  and  lobar  atrophy  of  the  cerebellum 
(French  writers  and  later  Morse  and  Taft^®),  that  there  was  convolutional  asym- 
metry (Mondio,  quoted  by  Omorokow^^). 

Another  form  which  the  gross  method  took  was  the  investigation  of  the  rela- 
tion existing  between  brain  weight  and  cranial  capacity.  This  was  first  made  prac- 
ticable by  Reichardt-"  (1907-1911)  who  showed  that  there  was  little  difference  be- 
tween the  weight  of  the  brain  and  the  capacity  of  the  cranium  in  certain  cases  of 
katatonia,  dying  suddenly,  with  or  without  convulsions.  The  same  was  true  in 
some  cases  of  epilepsy,  the  difference  being  0%.  Cases  described  by  Nonne"^  as 
"pseudotumor  cerebri"  (1904)  are  of  the  same  sort,  and  their  histolog}^  has  been  i 
described  in  detail  by  Rosental^-  (1911).  These  are  cases  which  give  evidence  of  ' 
tumor  clinically,  but  prove  the  diagnosis  to  be  wrong  by  cure  or  autopsy.  Such  a 
case  was  published  by  Dreyfus-^  (1907)  from  the  Basle  Psychiatric  Clinic.  The 
patient  was  a  male  dementia  prsecox  of  twenty-nine  at  onset,  who  died  suddenly 
at  32  years  of  age.  The  brain  was  stained  with  several  stains,  in  sections  taken 
from  eight  different  areas,  and  no  changes  were  found  but  the  cord  was-  large 
for  the  spinal  canal  and  the  brain  was  140  grams  too  heavy  for  the  cranial  capacity. 
Death  was  due  to  acute  brain  swelling. 

The  interval  between  these  two  great  periods  of  research  with  the  gross 
methods  w^as  taken  up  with  the  study  of  the  minute  details  of  brain  pathology  by 
means  of  the  microscope  and  the  newly  discovered  color  chemistry.  Most  of  the 
work  on  dementia  praecox,  as  in  other  branches  of  patholog}',  has  been  done 
with  the  methods  of  finer  histology,  neglecting  the  more  logical  ones  of  photo- 
graphing the  gross  changes  observed  so  that  they  might  be  preserved  for  com- 
parison in  large  numbers  of  cases  from  all  parts  of  the  world;  neglecting  the 
fact  that  study  of  the  frontal  section  in  series  might  yield  something  and  this  to 
be  photographed;  neglecting  the  fact  that  the  whole  brain  microtome  can  give 


XEWER    CONCEPTIONS    OF    DE-MENTIA    PR.^COX  693 

valuable  information  in  the  psychoses ;  and  going  directly  to  the  finer  histology 
with  the  attempt  to  get  the  section  ever  thinner. 

The  results  obtained  over  the  years  have  been  very  much  at  variance 
and  often  appeared  to  be  extremely  contradictory,  but  the  time  has  come  when 
a  certain  uniformity  can  be  put  upon  them  and  they  can  be  understood. 

To  unifv  the  large  amount  of  material  which  has  accumulated  and  at  the 
same  time  to  show  that  the  changes  found  are  very  much  alike,  I  have  selected 
cases  from  the  following  groups  and  have  arranged  the  results  under  the  de- 
mentia prsecox  group,  the  confusional  and  delirious  group,  a  single  case  of 
"pseudotumor,"  and  the  general  work  on  the  nervous  elements  in  the  psychoses. 

In  1896  the  findings  in  the  acute  case  of  the  paranoia  group  were  given  by 
Cramer.^  A  male  of  twenty-four,  duration  seven  days,  had  shown  albumin  and 
fatty  casts.  Temperature  was  40.5°  C,  pulse  132,  respiration  48.  Autopsy 
was  performed  10  hours  postmortem.  No  leucocytes  were  found  in  the  tissues. 
There  was  hemorrhage  about  the  small  vessels  of  the  brain  and  thinning  of  the 
interradiary  and  tangential  fibers  in  places.  The  writer  concludes  that  a  case 
not  manic  or  melancholic  but  paranoiac  or  possibly  confusional  can  show 
severe  changes  of  a  noninfectious  character.  This  is  the  type  of  case  we  meet 
repeatedly  in  the  literature,  until  we  come  to  agree  with  Goldstein-*  (1910), 
that  there  are  few  uncomplicated  cases  in  the  literature ;  and  we  must  finally 
agree  that  there  can  be  no  uncomplicated  cases,  if  our  methods  of  diagnosis 
and  of  pathological  examination  are  adequate.  Certain  it  is  that  the  number 
of  supposed  uncomplicated  cases  has  become  remarkably  few  with  rapid  ad- 
vances in  accurate  diagnosis  and  accurate  protocol  taking. 

In  1906  Klippel  and  Lhermitte-"'  described  changes  in  the  spinal  cord  of 
cases  of  dementia  prfecox.  One  case  was  that  of  a  male  of  twenty-nine  in  which 
the  cord  showed  changes  in  the  posterior  columns  exactly  like  those  seen  in 
tabes.  Another  case,  age  thirty-five,  gave  changes  in  the  lateral  columns,  with- 
out meningitis  and  without  cord  symptoms  clinically.  One  of  these  writers-*^ 
had  previously  (1904)  described  cases  of  dementia  prsecox  in  which  there  were 
ni»  changes  in  the  vascular  connective  tissue  elements  of  the  brain  but  onl\'  in 
the  neuroepithelial  elements.  There  were  no  leucocytes,  no  diapedesis,  no  hy- 
peremia, no  i)roliferation  or  degeneration  of  the  walls  of  the  vessels.  He  con- 
cluded from  his  studies  that  dementia  praecox  was  a  degenerative  disease  of  the 
neuroepithelial  elements  of  the  brain  and  cord  without  involvement  of  the 
vascular  connective  tissue  elements  and  that  where  the  latter  appeared  to  be 
involved,  the  in\-o]\enK'nt  was  due  to  inlercurrent  disease.  In  1909  Moriwasu'-*' 
presented  nine  cases,  studied  in  extenso,  in  which  he  showed  that  the  fibrils  were 
fragmented  and  distinctly  decreased  in  number.  Changes  in  the  ganglion  cells 
uere  definite  and  distinct  but,  in  accord  with  all  workers,  the  changes  in  the 
ganglion  cells  were  not  characteristic  of  dementia  |)riecox.  X'asculai-  changes 
were  not  significant.  The  glia  nuclei  were  increased  about  the  blood 
vessels,  especially  in  the  white  matter  and  there  was  satellitosis  about  the 
pyramidal  cells,  lie  also  says  that  changes  in  Clarke's  column  of  cells  in  the 
pinal  cord  are  constant.  Xo  i)lasma  cells  were  found  in  an\-  of  his  cases.  He 
itudied  seven  females  and  two  males,  ranging  in  age  from  twcnt\-live  to  fifty- 
three.     The  duration   of   the  disease   was    from   a    few    days   in   one   case  to   two 
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years  in  one  case.  One  died  of  erysipelas,  two  died  suddenly,  cause  not  given, 
and  the  cause  of  death  was  not  given  in  the  other  six  cases.  To  have  quoted 
one  thorough  worker  is  to  have  quoted  the  rest  most  completely.  Klippel  and 
Lhermitte  mention  a  pigment  increase  in  the  neuroglia  (quoted  by  Moriyasu-'). 
Mondio^®  (1905)  says  that  the  changes  in  the  ganglion  cells  are  those  seen  by 
others  in  idiocy  and  in  the  intoxications.  Obregia-^  mentions  chromatolysis  and 
meningeal  thickening  with  proliferation  of  the  cells  of  the  meninges  and  of  the 
vascular  adventitia. 

Glia  increase  both  cellular  and  fibrillar,  with  changes  in  the  cells  and  fibrils ; 
pigmentation  of  the  nerve  cells  and  of  the  glia  and  pigment  lying  free  in  the 
tissues  or  about  the  vessels  or  in  the  vessel  walls  or  lumen ;  the  presence  of  small 
lymphocytes  or  of  leucocytes ;  loss  of  myelinated  fibers ;  degeneration  products 
such  as  fatty  and  protogonoid  granules ;  satellitosis  and  neuronophagia ;  have 
all  been  observed  and  recorded. 

What  are  the  microscopic  findings  in  the  frankly  delirious  cases  ?  the 
confusional  cases?  the  toxic  cases?  Perhaps  the  first  good  description  of  that 
picture  is  the  one  given  by  Jehn'-  in  1877.  The  vessels  showed  fatty  degenera- 
tion and  nuclear  heaps  and  pigmentation.  There  was  extravasation  of  blood 
and  overgrowth  of  glia.  The  lymph  spaces  contained  fat  and  the  cell  proto- 
plasm showed  it  also.  Next  Rezzonico^  in  1884  showed  dilatation  of  the  finest 
vessels,  with  fatty  degeneration  of  their  walls  and  emboli  made  up  of  groups  of 
micrococci.  He  noted  in  his  writings  that  Briand  had  already,  in  1882,  found 
bacilli  in  the  blood  in  three  out  of  seven  cases  of  acute  delirium.  What  threw 
many  cases  out  of  the  delirious  group  and  into  the  dementia  prsecox  group  or 
what  corresponded  to  it,  then  as  today,  was  the  absence  of  any  notable  fever; 
and  albuminuria  was  only  slight.  How  many  times  have  we  seen  that  our- 
selves in  cases  that  went  rapidly  to  a  fatal  termination ! 

Next,  as  might  be  expected,  a  specific  bacillus  was  described  for  acute 
delirium  (Bianchi  and  Piccinio,^°  1895).  But  the  histological  changes  found 
were  the  same  as  those  found  in  dementia  prascox :  clouding  of  the  pia,  edema 
of  the  brain,  adhesions  of  the  meninges,  capillary  hemorrhages,  extravasation 
of  blood  pigment,  emigration  of  leucocytes,  acute  cellular  degeneration  (Cramer, 
quoted  by  Binswanger  and  Berger,^^  1901),'  increase  of  glia  and  vascular  nu- 
clei (Popoff,  quoted^^),  swelling  and  degeneration  of  the  myelin  sheath  (Schu- 
kowsky.  quoted^^),  satellitosis,  chromatolysis  (Weber,^-  1904). 

What  were  the  general  findings  in  the  psychoses  by  Nissl  and  Alzheimer 
and  those  working  at  about  their  time,  in  and  out  of  their  laboratories?  Alz- 
heimer,^^ in  1906,  remarks  that  with  the  same  tinctorial  methods  which  enabled 
us  to  differentiate  general  paralysis  from  senile  dementia,  etc.,  we  are  unable  to 
show  differences  in  the  simple  psychoses.  Pathological  changes  are  not  lacking, 
he  states,  but  who  will  number  the  cells  or  fibers  lost  ?  This  seems  to  be  his  idea 
of  the  proper  direction  for  future  research  in  the  psychoses.  Fat  occurs  in 
epilepsy  and  in  many  other  conditions  besides  the  infections  and  dementia  praecox. 
Protogonoid  substances  occur  also  in  amaurotic  idiocy  (Alzheimer^^).  The 
neurofibrils,  as  studied  by  the  Bielschowsky  method  (Schiitz,^*  Jena,  1908). 
have  lost  their  network  arrangement  in  the  cell  bodies  in  dementia  prsecox,  gen- 
eral paralysis,  and  secondary  dementia.     Glia  proliferation  has  been   observed 
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in  general  paralysis,  senile  dementia,  alcoholics,  uremic  psychosis,  and  typhus  de- 
lirium (Nissl,  quoted  by  Alzheimer'^).  Yellow  pigment  in  the  cell  bodies,  first 
claimed  by  Campbell"*''  to  be  pathognomonic  of  senile  dementia,  was  found  by 
Alzheimer-''  to  exist  also  in  epilepsy,  arteriosclerotic  degenerations  and  in  general 
paralysis.  Then  Rosentah'*  (1913),  demonstrated  that  changes  in  the  glia  re- 
sembling the  ameboid  glia,  could  be  produced  experimentally  by  the  injection 
into  rabbits  of  guanidin,  sodium  oxalate,  or  of  foreign  serum  into  a  sensitized  ani- 
mal. Granular  degeneration  and  neuronophagia  were  also  produced.  This  writer 
demonstrated,  also,  that  the  ameboid  glia  were  certainly  not  postmortem  appear- 
ances. A  series  of  non-insane  cases  studied  by  Vogt"^  ( 1901 )  showed  degeneration 
of  cells,  increase  in  neuroglia,  and  exudate  in  non-insane  cases.  Tuberculosis, 
according  to  him,  shows  chronic  changes  in  the  nerve  cells  generally,  and  may 
show  increase  in  the  glia. 

With  the  case  of  pseudotumor  cerebri  (Rosental,"-  1911),  there  appeared 
the  acute  Nissl  reaction  so  often  seen  in  the  infectious  processes,  and  also  ameboid 
glia,  satellitosis,  protogonoid  granules,  and  lipoid  inclusions  in  the  cells,  just 
as  we  have  seen  in  all  the  conditions  presented  in  this  paper. 

The  earliest  and,  perhaps,  the  best  statement  of  the  meaning  of  all  this,  is 
one  written  in  1898  by  Juliusberger  and  Meyer. ^"  They  were  of  the  opinion 
that  the  changes  found  were  "evidence  of  abnormal  life  processes  in  the  cell" 
and  this  simple  statement  can  scarcely  be  excelled  today.  We  can  add  just  one 
thing  to  it,  perhaps,  and  that  is  to  state  a  little  more  clearly  just  what  those 
abnormal  life  processes  are  and  just  a  little  as  to  how  they  may  be  effected.  We 
have  done  this  when  we  consider  the  reactions  of  the  human  organism,  with  its 
fats,  carbohydrates  and  proteins,  to  the  foreign  substances  which  in\ade  it, 
whether  or  not  as  bacterial  protein  or  fat,  and  when  we  add  to  our  considerations 
the  susceptibility  of  the  individual,  especially  whether  or  not  he  is  hypersuscept- 
ible.  We  were  all  interested,  I  am  sure,  when  we  read  in  the  Journal^^  that  the 
typical  histological  picture  found  in  the  organs  in  tuberculosis,  had  been  produced 
experimentally  by  the  injection  of  the  waxes  from  the  bodies  of  tubercle  bacilli 
into  several  different  laboratory  animals.  The  whole  of  pathology  itself  seems 
rapidly  to  be  resolving  into  just  such  considerations  and  possibilities. 

The  conclusion  from  the  above  work  that  certain  cases  of  dementia  pr;ecox 
may  be  of  toxic  or  infectious  origin  is  almost  foregone.  With  this  introduction, 
1  wish  to  present  four  cases  from  the  records  of  the  Worcester  State  Hos]>ital, 
in  which  the  toxic  factor  was  a  large  one  but  was  not  recognized  until  autopsy 
or  until  certain  special  tests  were  ap])lied,  namely,  the  spinal  lluid  and  blood  ex- 
amination by  microscopical,  chemical,  and  serological  analysis. 

The  first,  case  was  that  of  a  female.  W.  S.  11.  Xo.  2311'',  age  tifty-so\en, 
diagnosis  dementia  prjecox.  Onset  was  at  fort\-four  to  forty-nine,  \ariously 
estimated.  She  was  first  admitted  to  the  McLean  Hospital  in  I'^O.v  She  had 
been  an  efticicnt  worker  but  gradually  came  to  think  that  i>eople  wcrr  talking 
about  her,  later  exjjressing  the  idea  that  she  was  boycotted  iind  that  people  jxiinted 
her  out  on  the  street.  Then  she  heai'd  the  telephone  buzzing  all  night  and  said 
that  someone  kept  a  lawn-mowei^  going  another  night.     She  was  hnall\    lonnd  on 
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the  roof  where  she  went  to  get  rid  of  the  voices.  At  the  Hospital,  her  conduct 
was  quiet  and  natural  but  she  seemed  a  little  depressed  and  preferred  not  to  talk 
about  her  troubles.     She  was  discharged  but  had  to  return  because  the  scrub- 
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Fig.  1. — Case  1,  tubercular  paranoid  dementia  precox.  Cortex  of  the  right  superior  occipital  gyrus, 
showing  two  massive  processes  probably  related  to  the  patient's  tuberculosis.  Section  cut  50  micra.  bchar- 
lach-R   stain.      Photogra]  h    takes   in    cortex    to    white    matter. 
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girl  made  faces  at  her,  as  did  the  priest  in  church,  and  voices  dictated  to  her 
what  she  should  do  and  derided  her  over  the  telephone.  She  became  exalted  and 
incoherent.  She  had  some  insight  at  first,  saying  that  she  could  not  under- 
stand how  -the  voices  could  be  heard,  but  insisting  that  she  heard  them.  Phys- 
ically her  condition  was  good  and  she  gained  in  weight  about  six  pounds.  She 
left  the  Hospital  again  in  1904  and  returned  in  1908.  She  was  rather  more  de- 
mented than  when  she  left,  but  physically  she  complained  only  of  feeling  tired  all 
the  time.  Her  weight  dropped  steadily  from  about  160  at  last  admission  to 
about  90  pounds  at  death  in  1915,  a  period  of  seven  years.  The  postmortem 
examination  showed  adhesions  in  both  pleural  cavities,  with  fluid  in  the  left 
cavity.  Both  lungs  showed  masses  of  tubercles,  many  of  them  coalescing  and 
breaking  down  to  form  cavities.  There  were  also  irregular,  circular  ulcers  in 
the  ileum  near  the  cecum.  No  discovery  was  made  of  the  patient's  condition 
clinically,  when  an  x-ray  examination  of  her  chest  at  the  outset  would  doubtless 
have  revealed  it. 

The  second  case  was  that  of  a  male,  W.  vS.  H.  No.  26963,  of  unknown  age 
but  thought  to  be  about  fifty-two.  He  was  admitted  to  the  Hospital  in  1910 
and  died  suddenly  in  1915  of  coronary  sclerosis  with  occlusion  and  acute  hem- 
orrhagic pancreatitis.  He  had  led  rather  an  irregular  life,  admitted  having  had 
private  disease  twice  and  being  treated  for  gonorrhea  at  Tewksbury.  ^^"'as  told, 
a  long  time  ago,  that  he  had  a  chancre.  He  says  he  caught  the  fever  at  eighteen 
and  his  hair  came  out.  He  married  twice;  his  second  wife  was  a  dissolute 
woman  and  was  drunk  most  of  the  time.  She  left  him  about  fourteen  years  ago. 
Patient  admitted  arrests  and  serving  sentences  and  that  he  drank  too  much.  The 
onset  of  his  trouble  was  in  1909,  coming  gradually  and  finally  terminating  in  his 
refusing  to  pay  for  a  meal  at  a  restaurant  one  day,  on  the  ground  that  he  owned 
the  place.  He  was  confused  and  rambling  on  admission.  Said  he  could  hear 
the  voices  of  his  parents  and  the  voice  of  Jesus.  Stated  that  "when  he  had  his 
beard  on"  he  could  climb  a  telegraph  pole  and  telephone  to  anyone.  He  be- 
came irritable,  silly,  demented.  After  three  years,  he  said  he  could  still  see  God 
and  later  that  his  father  and  mother  still  talked  to  him  but  that  he  was  not 
bothered  any  more  by  it.  His  physical  condition  was  always  good.  He  took  up 
the  work  assigned  to  him  and  had  ])arole,  sweeping  up  the  yards,  and  so  on.  He 
had  a  scar  on  the  prepuce,  a  pal[)able  liver  and  a  negative  blood  Wassermann. 
The  spinal  fluid  examination  was  not  made.  The  practice  of  not  taking  a  W'as- 
serniann  on  the  spinal  Ihiid  because  the  blood  Wassermann  is  negati\c  can  not  be 
too  strongly  deprecated,  as  this  case  with  the  scar  on  the  prepuce  and  the 
abundant  history  and  the  next  case  show. 

The  third  case  was  that  of  a  male,  W.  J^.  II.  No.  28853,  age  l\\  only  nine  on 
admission,  age  thirty  at  death;  total  duration  about  two  years.  The  patient  was 
one  of  26  pregnancies;  2  miscarried,  18  died  in  infancw  1  died  of  con\ulsions,  2 
boys  and  4  girls  still  living  and  one  of  these  has  "tits."  I  cite  these  facts  be- 
cause there  is  .some  cjuestion  in  ni\  mind  as  to  whether  the  patieiU  was  not  one  ot 
those  congenital  s\'phililics  who-e  disease  becomes  manifest  at  a  later  time  than 
we  are  in  the  habit  of  thinking,  (Dr.  Abner  \\)>[,  .\euros\  plhli>  Conference, 
Grafton  State   I  lo>pital,   \'>\*k) 
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but  rhotograph  includes  only  the  white  and   the   cortex   at   the   bottom   of   a  sulcu.. 


NEWER    CONCEPTIONS    OF    DEMENTIA    PR.ECOX  699 

About  9  months  before  admission  to  the  Psychopathic  Hospital  (No.  2632), 
the  patient  had  become  excessively  alcholic  and  oversexual.  Two  months  before 
admission  he  had  auditory  hallucinations  and  thought  he  was  about  to  be  killed. 
He  became  maniacal,  destructive  to  furniture  and  went  out  at  night  only  par- 
tially clothed.  He  would  remain  from  home  a  week  at  a  time,  contrary  to  his 
visual  habits.  On  admission,  he  said  he  was  "confused  in  his  head."  He  was 
inaccurate  about  his  recent  movements  and  about  the  ordinary  facts  of  his  life 
and  of  his  family.  He  was  easily  distracted  and  had  exalted  ideas  about  his 
talents  as  a  singer,  demonstrating  until  he  was  hoarse.  Knee  jerks  were  un- 
equal and  absent  on  the  left.  Admitted  to  the  Worcester  State  Hospital,  he  was 
at  first  loquacious,  showy,  euphoric,  but  became  irritable,  sullen,  resistive,  mute, 
and  had  to  be  tube-fed.  Later  he  had  a  convulsion,  became  wildly  excited,  then 
mute,  untidy  and  stuporous.  At  the  last  he  showed  typical  katatonic  rigidity,  with 
legs  drawn  up  and  massive,  multiple  decubitus  developing.  At  the  Psychopathic 
Hospital  the  provisional  diagnosis  had  been  manic  depressive  insanity,  manic 
phase,  then  dementia  praecox,  and  finally  with  the  appearance  of  the  Wassermann, 
general  paralysis.  The  blood  was  positive.  The  spinal  fluid  showed  732  cells  and 
the  globulin  and  albumin  were  each  3  plus. 

Autopsy  showed  a  scar  on  the  corona,  there  were  dense  adhesions  in  the 
pleural  cavities  and  fresh  tubercles  or  gummata  were  present  in  the  lungs.  The 
pia  was  thickened  and  showed  whitish  plaques.  The  brain  weighed  only 
935  grams.  The  frontal  poles  were  pointed,  the  right  being  much  smaller  than 
the  left.  The  parietal  regions  were  especially  soft.  The  left  cerebellar  hemis- 
phere was  smaller  than  the  right.  The  posterior  columns  of  the  spinal  cord  were 
almost  confluent. 

The  fourth  case  is  that  of  a  negress,  W.  S.  H.  No.  30094,  age  nineteen,  who 
was  admitted  to  the  Psychopathic  Hospital  (No.  5918,  No.  6412),  on  March  20, 
1916,  transferred  to  the  Worcester  State  Hospital  March  29,  and  died  April  2. 
On  March  15  she  began  to  fail  and  since  she  had  failed  to  receive  a  certain  letter 
from  a  certain  young  man,  and  since  she  was  a  mental  case,  the  two  facts  seemed 
connected  in  some  hidden  manner.  But  on  March  19  she  had  complained  of 
malaise,  anorexia,  pain  in  the  e])igastrium  and  later  of  a  "bursting  headache." 
Her  temples  beat  and  her  neck  felt  stifi"'.  That  evening,  while  setting  the  table, 
she  disapi)eared  and  was  not  found  until  the  next  morning  in  an  empty  room 
next  to  her  own,  where  she  lay  with  her  throat  cut.  v^he  slowly  reco\ered  from 
the  stupor  in  which  she  was  found,  when  she  explained  that  she  had  been  draw- 
ing water  when  her  head  began  to  swim  and  she  did  not  know  anything  more  but 
that  she  had  felt  cra/.\'.  Her  re])lies  at  the  Hospital  were  inaudible,  gi\en  only 
•on  close  questioning,  ar.d  she  was  stupid,  apathetic,  and  iiidirt\'reiU.  March  2() 
she  developed  cerea  fle.xibilitas,  muttered  through  iicr  teeth,  and  retained  iicr 
saliva.  The  breath  had  a  foul  odor.  She  said  the  doctor  told  her  she  was  going 
to  have  a  baby,  but  admits  that  she  had  a  menstrual  jicriod  only  the  wei'k  ]tre- 
A^iously.  Pulse  was  132,  temperature  100-101  ]■'.  constantly,  respir;ition  20. 
'She  became  restless,  mute,  untidy,  resistive,  at  times  shouting  and  at  the  end 
picking  at  the  bedclothe-^.  On  ]\larch  30  there  was  a  trace  of  alliuniin,  lumu-r 
<oiis  red  blood  cells,  and  nunicTon--  lualine  and  uranular  casts  in  the  mine.     The 
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"Hirntod."  But  cultures  taken  from  the  heart's  blood  at  autopsy  showed  a  ba- 
cillus which,  in  its  morphology  and  cultural  characteristics,  was  the  influenza 
bacillus. 

Summarizing,  we  have  two  cases  of  the  paranoid  form  of  dementia  prsecox, 
both  of  rather  long  duration,  one  male  and  one  female.  One  died  of  tuberculosis, 
the  other  of  hemorrhagic  pancreatitis  and  coronary  sclerosis.  And  we  have  two 
cases  of  the  katatonic  form,  both  of  comparatively  short  duration.  One  died  of 
paresis,  the  other  died  of  influenza.  In  one  case  of  the  four,  only,  could  the  men- 
tal diagnosis  be  questioned.  The  paretic  case  could  be  settled  only  with  the 
Wassermann  technic.  The  paranoid  case  with  the  alcoholic  history  and  the  his- 
torv  of  chancre  might  be  cjuestioned.  All  but  this  one  died  of  an  infection.  In 
two  of  these  the  infection  undoubtedh'  ran  parallel  to  the  mental  symptoms.  In 
the  third,  wdiich  died  of  tuberculosis,  is  it  too  much  to  imagine  that  the  mental 
symptoms  also  paralleled  the  physical  disease? 

The  microscopic  findings  were  studied  b}'  the  photographic  method  on 
twenty-four  sections  from  each  side  of  the  brain  in  each  case.  These  were  ar- 
ranged according  to  what  we  know  of  the  great  functional  subdivisions  of  the 
brain — the  pre-Rolandic  and  the  post-Rolandic,  the  latter  being  divided  into 
parietal,  temporal  and  occipital  to  correspond  to  general  sensibility,  hearing, 
and  sight. 

The  stain  used  was  the  Scharlach-R  for  fat,  because  it  is  the  most  general 
stain  we  have  for  degeneration  products  of  the  nervous  system  and  because  it  pho- 
tographs so  well. 

The  sections  were  cut  at  50  micra  with  the  idea  that,  if  fat  were  found,  it 
might  present  itself  in  some  sort  of  radial  or  stratified  way  which  would  fail  to 
show  in  thinner  sections.  This  did  not  prove,  in  general,  to  be  the  case  in  this 
series  but  the  method  was  carried  out,  as  it  appeared  logical  and  gave  fair 
photographs. 

In  general,  the  fat  was  found  to  be  fairly  evenly  distributed  over  the  cor- 
tex, with  the  exception  of  that  in  the  alcoholic  case.  Here  it  was  more  marked 
in  the  general  region  of  the  second  to  fourth  layers,  or  at  least  to  the  layers  lying 
more  externally.  In  the  tuberculous  case,  there  was  a  distinct  massive  process 
in  several  regions.  In  the  paretic  case,  the  fat  was  more  al)undant  in  the 
white  matter,  and  this  more  in  the  post-Rolandic  regions,  corresponding  to 
the  areas  that  were  noted  at  autopsv  to  be  the  softest.  The  ])aretic  case  was 
the  only  one  showing  an}-  considerable  fat   in   the   wliite  matter. 

A  hint  has  been  given  in  the  above  at  the  topograi)hic  idea  and  at  the 
stratigrai)hic  idea.  So  far  as  1  have  been  able  to  determine,  only  two  writers 
have  attempted  any  definite  correlations  between  disease  of  cell  layers  and 
dementia  priccox,  or  disease  of  brain  areas  and  dementia  prsecox.  Cotton,'-  as 
admitted  by  Alzheimer,*''  was  the  first  to  correlate  disease  of  the  second  ;ui(l 
third  cortical  layers  with  dementia  ]ira'Co\,  mentioning  at  the  same  time  that 
the  fat  occurs  over  the  entire  cortex.  Southard"  was  the  lirsl  to  claim  a  rela- 
tion between  disease  of  the  ])ost-i<olandic  areas  and  dementia  pra>cox  nl  the 
katatonic  form  and  between  disease  of  the  fi-oiit.il  areas  and  the  paranoid 
form.      Later,    vSouthard    and    his    coworkers    lia\e    shown    some    eonneelion    be- 
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tween  lesions  of  the  angular  gyrus  and  katatonia/^  gliosis  of  the  thalamus  and 
dementia  praecox/*^  and  cerebellar  hemiatrophy  and  katatonia.^* 

Other  writers  have  laid  emphasis  in  their  cases  on  a  predominance  of  the 
pathological  findings  in  one  layer  or  another  or  in  one  brain  area  as  against 
another,  but  no  one  has  made  any  special  claims  for  these  observations  before 
the  writers  mentioned  above.  Thus  Alzheimer^'  mentioned  changes  in  the 
deeper  layers  at  first,  later  pointing  out  that  they  occurred  in  the  more  super- 
ficial layers  to  a  greater  extent.  Klippel  and  Lhermitte*'  found  the  changes 
more  in  the  zones  of  association,  in  the  large  pyramids  of  the  third  layer  of 
cells  and  in  the  fusiform  cells  of  the  sixth  layer  of  Hammarberg.  Dunton,*'  in 
a  case  of  katatonic  dementia  prsecox  dying  of  pneumonia,  found  chromatolysis 
most  marked  in  the  fifth  layer  of  Hammarberg.  Lubouchine**^  mentions  the 
molecular  layer  and  the  layer  of  the  small  pyramids ;  Lannois  and  Paviot*^ 
mention  the  Purkinje  cells  of  the  cerebellum;  Koller"''^  mentions  increase  of 
glia  in  the  superficial  layers  and  in  the  white  matter ;  Elmiger^^  mentions  the 
free  edge  as  being  most  affected ;  Orton^^  finds  the  ameboid  changes  more  in 
the  deeper  layers  and  in  the  white  matter ;  Sioli-^''  finds  more  change  in  the  up- 
per layers ;  Mott''*  in  the  inf ragranule  layers.  As  for  the  fibers :  Cramer^ 
mentions  thinning  of  the  interradiary  and  tangential  systems ;  Weber,^^  the 
supraradiary  network ;  Eisath-Hall,'"''  Meynert's  layers.  All  have  support  in 
the- shape  of  corroborative  work  by  other  investigators. 

Dunton*'  and  Maschtschenko"'*''  claim  that  the  frontal  lobes  are  more 
affected ;  Zalplachita,^'^  the  frontal  and  central ;  Orton,''-  that  the  temporal  and 
occipital  are  less  affected  than  other  parts;  but  no  one  has,  so  far  as  I  can 
learn,  investigated  the  question  of  topographical  distribution  in,  and  for  itself, 
except  the  writer  mentioned  above. 

The  four  cases  here  presented  can  add  little  of  a  decisive  nature  to  these 
great  questions.  Only  one  case  presents  anything  of  interest  to  the  strati- 
graphic  question.  That  is  the  case  of  the  paranoid  with  the  alcoholic  history, 
who  died  of  hemorrhagic  pancreatitis  and  his  history  and  physical  examination 
make  the  diagnosis  of  dementia  prsecox  somewhat  doubtful.  However,  in  his 
case  we  do  not  have  to  consider  the  effects  of  an  intercurrent  or  of  a  causa- 
tive infection  upon  the  cell  picture,  as  we  do  in  the  three  other  cases.  In  his 
case  the  fatty  changes  were  more  in  the  outer  layers.  Topographically,  his 
case  was  rather  indefinite,  the  fat  occurring  mostly  in  the  areas  of  audition 
and  of  general  sensibility.  The  fact  that  the  fatty  degeneration  is  rather 
marked  in  the  temporal  regions  in  this  case  is  especially  interesting  in  view  of 
the  continued  auditory  hallucinations  which  the  patient  experienced,  but  the 
fact  of  its  absence  in  other  areas  may  mean  either  that  the  cells  in  those  areas 
are  exhausted  or  that  they  were  not  affected,  at  least  at  the  time  of  the  patient's 
death.  To  determine  whether  they  were  really  exhausted  would  be  an  espe- 
cially interesting  research  in  view  of  ideas  entertained  that  there  is  a  relation 
between  frontal  lobe  lesions  and  paranoid  dementia  prsecox. 

The  idea  that  the  power  of  the  nerve  cells  to  produce  fat  has  been  ex- 
hausted in  those  areas  where  the  fat  is  not  found,  is  given  support  by  the  find- 
ings in  the   second   case   of  paranoid   form,   dying  of   tviberculosis.     This   case 
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was  especially  chronic,  lasted  longer  than  the  first  case,  and  clinically  showed 
much  more  profound  deterioration.  From  our  knowledge  of  the  occurrence 
of  fat  in  the  various  pathological  processes,  we  should  expect  to  find  an  abun- 
dance of  it  here,  and  yet  we  find  much  less  than  in  the  first  case.  The  idea 
gains  credence  that  the  fat-producing  power  is  exhausted.  In  this  case  there 
were  large  masses  of  fat  present,  reaching  macroscopic  size  in  places,  and 
doubtless  connected  with  the  tuberculous  processes  in  the  lungs  and  the  intes- 
tines, but  in  general  the  whole  cortex  appeared  exhausted. 

The  case  of  the  young  katatonic  who  died  of  influenza,  has  a  most  inter- 
esting distribution  of  the  fat  in  the  small  elements  of  the  cortex,  especially 
in  the  glia  cells  and  the  blood  vessel  walls.  The  blood  vessels  are  especially 
prominent,  also,  even  the  finest  capillaries  standing  wide.  The  fat  is  dis- 
tributed here  in  all  layers  and  in  all  areas.  It  is  in  the  most  labile  elements, 
the  elements  which  are  the  most  easily  afl^ected  according  to  all  writers,  and 
the  disease  process  was  so  fulminating  that  the  nerve  cells  themselves  have 
scarcely  had  time  to  react.  Perhaps  this  case,  together  with  the  two  previous 
ones,  may  give  us  some  idea  as  to  the  fat-producing  period  of  the  nerve  cell. 
It  is  evident  that  no  topographic  or  stratigraphic  ideas  could  be  drawn  from 
this   case. 

The  last  case,  that  of  the  paretic  with  katatonic  mental  picture,  is  strik- 
ing by  reason  of  the  enormous  amount  of  fat  to  be  seen,  and  because  the  fat 
is  confined  for  the  most  part  to  the  white  matter.  The  question  arises  here, 
as  in  the  cases  above,  whether  the  cortex  is  involved  at  all  or  whether  it  is  ex- 
hausted. Perhaps  we  have  a  type  of  paresis  involving  the  fibers  more  especially 
and  the  gray  matter  rather  less,  just  as  it  has  been  suggested  (Southard^*) 
that  there  are  two  types  of  feeble-mindedness,  the  type  with  plenty  of  path- 
ways but  little  to  go  over  them  and  the  type  with  plenty  of  receivers  and  senders 
but  few  wires.  The  topographical  significance  in  this  case  is  great  because  the 
chief  degeneration  was  found  in  the  post-Rolandic  regions,  corresponding  to 
the  katatonic  picture  presented  by  the  patient.  And  at  autopsy,  the  especial 
softness  of  the  parietal   areas  was  noted. 

With  such  an  array  of  ])athology  as  presented  in  the  lileratiue  and  in  the 
histories  and  examinations  of  these  patients,  one  should  hesitate  to  make  an 
unqualified  diagnosis  oi  dementia  ])ra.'C0x,  in  the  manner  in  which  such  diag- 
noses are  made  in  man}-  hos])ilals.  There  are  few  uncomi)licated  cases  of  de- 
mentia ])raecox.  'J'he  (|uestion  of  a  faull\"  diagnosis,  the  placing  of  a  patient  in 
the  class  of  dementing  psychoses  of  unknown  cause,  is  often  a  ditticult  one  to 
settle,  but  the  attempt  should  always  be  made  and  metliods  should  he  added  to 
the  diagnostic  facilities  of  most  of  our  hospitals  for  the  in>ano.  l\\en  in  this 
small  number  of  cases,  the  ]»aretic  one  would  most  certainl\-  ha\e  been  missed 
had  the  j)atient's  blood  jiroved  negative  to  the  W'assermann  e.xamination  and 
if  it  had  been  examint'd  from  certain  of  our  ho.s])itals.  1  h;i\c'  n-prati'dly  takt'U 
the  spinal  fluid  ])ostmortcm,  where  the  examination  was  refused  during  the  lite 
of  the  ])atient  on  the  ground  that  the  blood  was  negative,  and  I  have  repeatedly 
tonnd  it  positive  to  the  W'assermann,  chemical,  and  micioscopical  examination. 
In  the  caM'  of   the  katatonic,   the   true   |)icturr   would    never   have   ln-en    revealed. 
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had  it  not  been  for  the  extensive  bacteriological  examination  postmortem.  Mor- 
phology is  not  enough  to  identify  an  organism.  Extensive  culturing,  before 
and  after  death,  and  a  microscopic  examination  of  the  tissues  at  autopsy,  with 
the  well  known  stains  for  bacteria,  will  often  yield  results  in  many  cases  of  our 
so-called  dementia  prsecox.  Do  not  forget  to  stain  for  the  tubercle  bacillus. 
And  soon  we  will  come  to  a  splitting  of  the  dementia  prsecox  group,  here  in 
America,  into  a  lot  of  little  groups,  each  on  its  own  etiological  basis.  The  be- 
ginning has  already  been  made  in  splitting  off  those  with  a  positive  Wassermann 
reaction  and  other  positive  tests  on  the  spinal  fluid.  Who  knows  how  many 
are  caused  by  influenza  or  tuberculosis  or  alcohol  ? 

Beyond  this  talk  of  the  individual  case  stands  the  interest  in  the  group 
and  for  most  of  us,  this  interest  crystallizes  into  the  demand  for  the  zvhy  of 
the  mental  picture.  Like  the  why  in  any  question  concerned  with  the  human 
body,  we  must  go  for  the  solution  to  physiology,  before  we  can  understand 
abnormal  functionings.  The  brain  is  divided  into  several  great  regions  ac- 
cording to  this  point  of  view,  and  hence  our  necessarv  interest  in  topography. 
On  the  mental  side,  in  recent  years,  great  efforts  have  been  made  to  get  at  the 
roots  of  the  ideas  entertained  by  psychopathic  subjects.  Such  eft'orts  have 
rapidly  departed  from  the  teachings  of  the  original  founders  and  have  drifted 
into  a  miserable,  nondescript  state  which  I  have  been  tempted  to  call  "neo- 
mysticism."  Such  a  state  was  far  from  the  minds  of  the  founders,  I  am  sure,, 
for  they  said,  in  speaking  of  hysteria,^^  that  the  mechanisms  which  they  had  dis- 
covered could  develop  only  on  a  constitution  predisposed.  And  I  take  it  that 
some  of  our  ultra-moderns,  CA^en,  are  coming  around  that  way,  for  I  note  that 
some  account  for  their  lack  of  success  with  the  method  by  saying  that  the 
patient  "did  not  have  the  'stuff'  in  him,"  meaning  by  that,  I  suppose,  that  the 
patient  was  defective  from  the  start.  What  makes  the  whole  thing  so  mystical 
is  not  that  its  advocates  deny  the  operation  of  physical  elements,  but  that  they 
behave  as  if  they  did.  It  is  of  little  moment  for  one  to  admit  that  there  is  a 
constitution  behind  the  patient's  trouble,  if  in  the  next  moment  he  tries  to  right 
the  patient's  difficulty  by  letting  loose  some  pent-up  ideas  from  the  subcon- 
scious personality  of  the  individual,  such  ideas  always  to  be  sexual  in  nature. 
This  I  take  to  be  the  gist  of  the  difference  between'  "neo-mysticism"  on  the 
one  hand  and  Freudianism  of  the  true  sort  with  its  psychoanalytic  method,  on 
the  other.  Some  writers  and  workers  have  come  to  recognize  this  difference 
and  so  we  see  the  attempt  being  made  to  resolve  character  into  other  elements 
than  the  sexvial  alone,  and  I  think  a  truer  picture  will  be  presented — though 
we  run  the  risk  of  being  suspected  of  having  certain  complexes  ourselves,  you 
know,  by  trying  thus  to  avoid  the  issue. 

But  what  has  come  out  of  all  this  is  a  method,  and  the  method  can  be  of 
value  to  the  anatomist.  If  this  method  can  resolve  the  faulty  character  into 
its  elements  and  these  elements  can  be  correlated  with  the  abnormal  functioning 
of  known  physiological  regions,  we  have  an  extremely  valuable  method,  in- 
deed. Something  of  this  sort  might  be  expected  from  the  introspective  method 
of  experimental  psychology.  By  introspection,  under  experimental  conditions, 
it   is   possible   to    resolve    complex    feelings,    emotions,    and    ideas    into    simpler 
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elements  which  are  visual,  auditory,  kinesthetic,  etc.,  but  we  can  never  get  pa- 
tients to  introspect  under  experimental  conditions.  Is  not  the  psychoanalytic 
method  the  one  to  be  used  in  resohing  the  patient's  experiences  into  elements? 
v'^omething  may  also  be  expected  to  come  from  the  study  of  the  behavior  in  the 
sense  used  by  the  experimental  psychologist  whose  special  field  is  the  behavior- 
istic  side  of  physiology.  Rut  the  study  of  the  behavior  of  an  insane  individual  is 
aided  by  the  explanations  of  that  individual,  if  those  explanations  can  be  ana- 
lyzed and  how  can  they  be  analyzed  at  the  present  time,  except  by  the  psycho- 
analytic method?  Let  us  take,  for  example,  the  sign  so  often  seen  in  dementia 
prsecox,  confusions  of  all  sorts,  and  in  the  deliria — the  removing  of  the  cloth- 
ing. The  patient  is  said  to  be  denudative.  The  reasons  for  the  removal  of  the 
clothes  under  improper  conditions,  may  be  ^•arious.  One  may  say  it  is  a  sign 
of  exhibitionism,  another  that  the  clothes  irritate  the  patient  because  the  skin 
is  hypersensitive,  and  so  on  almost  ad  libitum.  But  we  may  gain  something, 
if  we  ask  the  patient  about  it.  He  may  give  a  valuable  answer  directly  or  we 
may  arrive  at  a  valuable  conclusion  as  to  the  reason  by  piecing  his  replies  to- 
gether, as  the  psychoanalytic  method  does. 

Apropos  of  asking  the  patient  questions,  I  am  reminded  of  a  striking  inci- 
<lent  which  was  observed  during  an  intraventricular  treatment  for  paresis. 
The  patient  became  restless  just  as  the  needle  was  passing  through  the  cere- 
bral substance.  Asked  what  the  matter  was,  the  patient  replied  that  he  would  be 
all  right,  if  the  doctor  would  stop  "making  his  mouth  (patient's)  fill  up  with 
spit" — and  that  his  mouth  was  actually  filling  up  with  saliva  was  not  imagina- 
tion. Beside  giving  the  reason  for  his  restlessness,  his  reply  gave  a  cue  to  a 
second  very  important  point,  that  a  cerebral  injury  may  affect  a  gland-secretion. 
Ceni'''^  has  also  shown  changes  in  the  cells  of  the  testicles  of  roosters  by  sub- 
jecting them  to  cerebral  injury. 

The  suggestion  to  use  the  psvchoanalytic  method  along  truly  l'"reudian 
lines  and  not  in  the  hazv  wa^■  in  which  it  is  now  being  ai)i)lied  by  his  succes- 
sors, for  the  most  part,  should  be  made  now.  But  the  api)lication  of  the  psycho- 
analytic method  in  this  new  way  will  ha\e  to  wait  until  those  using  it  recognize 
that  there  is  something  more  beneath  character  than  sex  and  that  there  is 
something  more  in  i)ersonality  than  character  alone.  I  mean  by  this  that  ])er- 
sonality  includes  much  more  in  its  connotation  than  the  word  character  includes. 
And  only  when  these  two  are  recognized,  will  the  ]is\  choanalylic  nuihod  be  of 
\alue  for  the  topograjjhical  study  of  the  cortex  lesions  of  the  insane  and  for 
the  correlation  of  those  to]K)grai)hicall_\'  distributed  lesions  \\ilh  the  mental 
picture  presented  by  the  patient. 

The  re(juisites  for  future  achance,  tlien,  are  tin-  recognition  ot  luirecog- 
nized  work:  recognition  of  the  fact  that  the  central  nervous  system  of  (lemcn- 
tia  prjccox  patients  gives  evidence  of  abnormal  life  processes  in  tiie  cells;  that 
the  same  changes  arc  present  in  the  inlo.\ication>  and  the  infi-ctions,  in  the  eon- 
fusions  and  the  deliria;  that  there  are  methods  at  hand  for  diagnosis  which  are 
not  being  used;  and  that  the  diagnosis  is  often  dilVu-ult  and  often  wrong  and 
will  often  be  wrong  when  w c  haw  exhausted  all  oui'  methods,  Imt  an  intelligent 
-attack  will  have  been  made. 
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CONCLUSIONS. 

1.  That  cases  of  dementia  pr^ecox,  of  confusional  insanity,  or  of  delirium, 
of  pseudotumor,  and  of  \arious  other  mental  conditions  have  pathological 
changes  which  are  similar. 

2.  That  it  is  quite  apropos  to  assume  that  certain  cases  of  dementia  prse- 
cox  are  due  to  infectious  or  toxic  processes,  in  proof  of  which  four  cases  are 
introduced,  one  of  which  is  definitel}^  syphilitic,  one  is  alcoholic  and  possibly 
syphilitic,  one  is  tubercular,  and  one  is  a  case  of  influenza  of  fulminating  type. 

3.  That  cases  which  can  be  detected  are  being  missed  because  of  the  lack 
of  application  of  diagnostic  methods.  As  an  example,  the  refusal  to  permit  a 
spinal  puncture  where  the  blood  Wassermann  is  negative  is  especially  decried. 

4.  That  topographic  studies  are  next  in  order,  as  offering  a  logical  direc- 
tion of  research  in  solving  the  why  of  the  mental  picture — later  to  be  followed 
by  stratigraphic  studies. 

5.  The  idea  is  suggested  that  the  psychoanalytic  method  may  reduce  the 
mental  condition  to  elements  which  can  be  correlated  with  lesions  topograph- 
ically or  stratigraphically  disposed. 

In  conclusion,  I  wish  to  express  my  thanks  to  those  who  have  shown  their 
interest  in  this  work,  of  whom  there  are  many,  and  also  to  my  Laboratory 
Assistant,  Julius  H.  Stean,  who  assisted  materially  in  making  the  sections  and 
the  photomicrographs. 
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ON   THE   POSSIBLE   DERIVATION    OF  THE   ACTIVE   PRINCIPLE  OF 

THE   POSTERIOR   LOBE   OF    THE   PITUITARY   BODY   FROM 

THE  TETHELIN  PRODUCED  BY  THE  ANTERIOR  LOBE* 


Bv  Carl  L.  A.  Schmidt,  Ph.D.,  .\nd  E.  S.  May,  M.D.,  Berkei-Ey,  Calif. 

TWO  views  may  be  said  to  exist  with  regard  to  the  place  of  formation  of  the 
active  substance  of  the  posterior  lobe  of  the  pituitary  body:  (a)  that  it  is 
formed  in  the  posterior  lobe  and  may  be  a  primary  product  of  nervous  tissue 
secretion;  (b)  that  it  is  derived  from  the  secretion  of  the  anterior  lobe  which 
passes  in  part  via  the  pars  intermedia  into  the  posterior  lobe  and  so  to  the  cere- 
brospinal fluid.  Neither  of  these  views  has  received  sufficient  experimental  sup- 
port to  secure  unequivocal  adoption. 

The  former  view  is  supported  by  a  large  amount  of  experimental  work,  the 
greater  part  of  which  shows  that  the  active  principle  which  on  injection  causes  a 
marked  rise  in  blood  pressure,  increase  in  the  secretion  of  urine  and  milk,  and 
contraction  of  smooth  muscle,  especially  the  uterus,^  is  found  only  in  the  posterior 
lobe  while,  as  has  been  pointed  out  in  the  previous  communication,  neither  extracts 
nor  the  pure  substance  tethelin,  obtained  from  the  anterior  lobe,  possesses  these 
properties.  To  support  the  second  view  we  possess  merely  indirect  evidence. 
Of  the  two  parts  of  the  pituitary  body  the  anterior  apparently  plays  the  more 
important  role.  Its  secretion  is  necessary  for  the  maintenance  of  life.-  The 
work  of  Paulesco'^  confirmed  by  Crowe,  Cushing  and  Romans*  showed  that  ex- 
tirpation of  the  whole  pituitary  body  is  fatal,  this  being  entirely  due  to  the  loss 
of  the  anterior  lobe  since  removal  of  the  posterior  lobe  gave  negative  results. 
This  may  mean  either  that  the  secretion  from  the  posterior  lobe  is  not  necessary 
for  the  maintenance  of  life  or  that  conversion  of  a  part  of  the  secretion  from  the 
anterior  lobe  into  posterior  lobe  substance  can  take  place  even  after  extirpation 
of  the  latter  gland.    Herring^  points  out  that  skates  possess  no  posterior  lobe. 

Cow''  found  that  in  the  cat  definite  channels  of  communication  exist  between 
the  \entricular  cavity  in  the  infundibular  stalk  and  spaces  in  the  anterior  lobe. 
In  several  extensive  investigations,  Herring"  found  that  a  uterine  contracting  sub- 
stance can  be  obtained  from  the  pars  intermedia.  He  believes  that  the  active 
principle  of  the  posterior  lobe  is  derived  from  cells  of  the  pars  intermedia.  The 
epithelial  cells  of  the  pars  intermedia  secrete  a  colloid  material  which  passes  into 
the  pars  nervosa.  The  hyaline  bodies  break  down  liberating  either  a  clear  hya- 
line material  or  at  times  granules.  Breaking  down  of  the  cells  from  pars  inter- 
media presumably  takes  place  in  two  stages;  this  would  explain  the  formation  of 
possibly  two  active  substances  one  of  which  acts  primarily  on  blood  pressure  and 
the  other  stimulates  contraction  of  smooth  muscle,  especially  the  uterus.  The 
presence  of  a  colloid  material  in  pars  intermedia,  also  found  in  pars  nervosa  sug- 
gests a  possible  derivation  of  the  active  principle  of  the  posterior  lobe  externally 

*From  the  Hearst  Laboratory  of  Pathology  and  Bacteriology  and  the  Denartment  of  Biochemistry 
of  the  University  of  California.  Aided  in  i  art  by  a  grant  from  the  George  Williams  Hooper  Foundation 
for   Medical    Research. 
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although  Fenger*  finds  that  the  colloid  masses  secreted  between  the  anterior  and 
posterior  lobes  do  not  possess  uterine  contracting  power. 

Although  several  observers,  among  them  Aldrich,^  Engeland  and  Kutscher/** 
and  Fiihner^^  have  reported  the  isolation  of  pure  substances  from  the  posterior 
lobe,  no  single  pure  substance  of  definite  chemical  nature  has  been  isolated  to 
which  can  be  attributed  the  properties  shown  by  posterior  lobe  extracts.  This,  of 
course,  may  be  attributable  to  the  presence  of  several  physiologically  active  sub- 
stances in  the  posterior  lobe.  The  work  of  Dale  and  Laidlaw,^^  and  Barger  and 
Dale,^^  showing  the  specific  action  of  jS-imin(|)zolylethylamine  in  producing  con- 
traction of  the  isolated  uterus;  the  work  of  Ackermann,^^  Mellanby  and  Twort,^^ 
Windaus  and  Vogt,^''  and  Pyman^'  showing  the  constitution  of  this  substance  and 
its  relation  to  histidine;  and  the  findings  by  Aldrich^*  of  histidine-like  substances 
in  the  posterior  lobe;  and  more  recently  the  isolation  by  Robertson  of  a  definite 
chemical  substance  containing  the  imin^zolyl  radicle  from  the  anterior  lobe ; 
these  facts  point  very  strongly  to  the  supposition  that  the  uterine  contracting 
principle  of  the  posterior  lobe  may  be  a  resultant  product  from  the  splitting  of 
the  substance  secreted  by  the  anterior  lobe. 

Through  the  kindness  of  Professor  T.  Brailsford  Robertson  in  supplying  us 
with  generous  amounts  of  tethelin  and  giving  us  his  unfailing  interest,  we  were 
enabled  to  test  this  hypothesis  and  attempt  if  possible  to  split  this  substance, 
which  on  repeated  tests  proved  to  have  no  action  in  causing  contraction  of  the 
isolated  uterus  of  the  nonpregnant  cat  or  guinea  pig,  into  products  simulating 
posterior  lobe  extract  in  its  action.  Previous  experiments  with  enzymes  and  bac- 
teria gave  negative  results.  We  were  then  led  to  test  the  product  resulting  from 
the  action  of  barium  hydroxide  on  tethelin  whereby  the  fatty  acid  radicle  is  split 
off,  this  reaction  having  previously  been  noted  by  Robertson. ^^  In  using  the 
barium-split  product  we  were  well  aware  of  the  experiments  of  Guggenheim-"  who 
found  on  treating  pituglandol  with  NaOH,  Ba(OH)2.  and  PbO  that  inactivation 
of  this  substance  had  taken  place,  as  well  as  those  of  Flihner^^  who  used  barium 
in  the  isolation  of  pure  substances  from  the  posterior  lobe. 

On  addition  of  Ba(OH)o  solution  to  a  solution  of  tethelin  an  immediate  floc- 
culent  precipitate  is  formed  which  cjuickly  settles  leaving  the  sui)ernatant  fluid  per- 
fectly clear  but  still  possessing  a  straw-yellow  color.  ^Varming  facilitates  the 
flocculation.  The  excess  of  barium  is  precipitated  with  CO.,  and  filtered  off. 
i^oluble  barium  bicarbonate  is  removed  b}'  eva])oration  of  the  solution  to  a  small 
\()lume;  the  l)arium  is  ])recipitated  as  the  carbonate  and  filtered  olT.  The  filtrate 
is  perfectly  clear  and  pt^ssesses  a  light  yellow  color  aiid  retains  the  odor  char- 
acteristic of  tethelin  solutions.  Tests  indicated  no  barium.  'J'lie  entire  amino- 
nitrogen  of  the  tethelin  is  found  in  tliis  solution. 

Experiments  with  the  solution  of  tethelin  split  ])ro(hut  on  the  isolated  uteius 
of  virgin  guinea  pigs  suspended  in  Locke  and  Ringer  solutions  were  carrietl  out 
in  essentially  the  manner  described  by  Dale  and  Ivaidlaw  .-'  Dil'liculties  attribut- 
able to  hy])ersensitivc  uteri  as  noted  by  these  authors  wvvv  likewise  expei'ienced 
by  us.  Such  uteri  were  rejected.  Addition  of  tethclin-split  product  in  doses  gixen 
on  the  chart  uniformly  caused  contraction;  this  could  be-  repeated  with  the  same 
muscle  after  washing  in  I/)cke  solution   and  allowing  it   to  come  to  rest.     That 
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this  action  was  not  attributable  to  the  action  of  tetheUn  or  contamination  by  pos- 
terior lobe  substance  was  repeatedly  shown  in  control  experiments.  Neither 
could  this  effect  be  attributable  to  traces  of  barium  in  the  solution  since  control 
experiments  with  solutions  containing  small  amounts  of  baritmi  also  gave  negative 
results.  All  experiments  in  which  no  uterine  contraction  was  obtained  on  addi- 
tion of  the  test  substance  were  controlled  by  addition  of  either  posterior  lobe 
extract  or  ergamine  which  resulted  in  the  usual  contractions.  A  number  of 
tethelin-split  product  preparations  were  made  at  different  times  and  in  all  cases 
contraction  was  noted. 

Experiments  were  likewise  made  to  study  the  effect  of  the  split  product  on 
the  blood  pressure  of  rabbits  under  ether  anesthesia.  As  seen  from  Fig.  2  a 
slight  but  perceptible  rise  of  blood  pressure  follows  the  injection  of  this  sub- 
stance. However,  no  preliminary  fall  is  noted.  With  very  dilute  pituitary  ex- 
tract solutions  small  rises  of  blood  pressure  without  a  preliminary,  fall  were  ob- 
served and  the  effect  could  be  repeated  several  times.  Administration  of  larger 
■doses  of  the  same  extract  gave  a  preliminary  fall  followed  by  a  rise. 

While  our  experiments  apparently  indicate  that  we  have  split  tethelin  into 
products  among  which  is  a  substance  resembling  in  its  action  the  active  substance 
secreted  by  the  posterior  lobe,  we  are  by  no  means  certain  that  our  method  is  the 
best  for  accomplishing  this  reaction  or  for  obtaining  a  pure  product.  Since  the 
nitrogen  content  of  tethelin  is  low  (2.58%)  and  that  of  /?-iminozolylethylamine 
high  (38%),  the  derivation  of  this  latter  substance  from  the  former  can  yield 
only  a  small  proportion.  The  delicacy  of  the  uterine  test  as  a  means  of  detecting 
small  amounts  of  this  product  is  apparent. 

We  believe  from  the  evidence  presented  that  the  active  substance  of  the 
posterior  lobe  of  the  pituitary  body  is  largely,  or  in  part,  derived  from  a  splitting 
of  the  substance  which  is  a  product  of  the  secretion  of  the  anterior  lobe  and 
which  contains  an  iminozolyl  radicle. 
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STUDIES  ON  THE  PROPERTIES  AND  ACTION  OF  TETHELIN* 


By  Carl  L.  A.  Schmidt,  Ph.D.,  Berkeley,  Calif. 

THE  results  of  numerous  studies  by  various  workers  indicated  the  importance 
of  the  anterior  lobe  of  the  pituitar}'  body  as  a  growth  factor,  and  showed  that 
extracts  of  this  lobe  are  relatively  inactive  physiologically,  as  contrasted  with  the 
extreme  activity  of  extracts  of  the  posterior  lobe.  However,  it  was  not  until  the 
isolation  of  a  definite  chemical  substance,  tethelin,  by  Robertson^  that  the  proper- 
ties and  action  of  the  growth-controlling  principle  of  the  anterior  lobe  of  the  pitui- 
tary body  could  be  more  fully  studied. 

Tethelin  is  described  by  Robertson  as  a  cream-colored  substance  which  is 
readily  obtained  in  powdered  form.  It  is  extremely  hygroscopic  and  for  that 
reason  is  best  kept  in  vacuum  tubes.  The  substance  is  soluble  in  water,  ethyl 
alcohol,  ether,  chloroform  and  carbon  tetrachloride,  but  insoluble  in  a  mixture  of 
one  part  by  volume  of  absolute  alcohol  and  one  and  one-half  parts  of  dry  ether. 
Its  content  of  phosphorus  is  1.14  per  cent,  nitrogen  2.58  per  cent,  of  which  one- 
half  or  1.24  per  cent  is  in  the  amino  form,  this  being  increased  on  complete  hy- 
drolysis (conversion  of  imino  to  an  amino  group)  to  1.83  per  cent  or  three-fourths 
of  the  total  nitrogen.  The  presence  of  an  unsaturated  fatty  acid  is  indicated  by  a 
saponification  value  of  87  milligrams  of  KOH  per  gram  of  substance  and  an 
iodine  value  of  33.2  per  cent.  Tethelin  contains  an  iminazolyl  radicle  which  in- 
dicates that  possibly  the  physiologically  active  substance  of  the  posterior  lobe  may 
be  derived  from  it.  On  complete  hydrolysis  with  barium  hydroxide,  followed  by 
hydrolysis  with  dilute  sulphuric  acid,  one  of  the  decomposition  products  obtained 
is  inosite. 

Physiological  experiments  conducted  by  Robertson  show  that  certain  of  the 
characteristic  reactions  produced  by  extracts  of  the  posterior  lobe — rise  of  blood 
pressure  and  pronounced  diuresis — are  not  brought  about  by  tethelin.  On  the 
contrary,  intravenous  injection  produces  a  slight  and  transient  fall  in  blood  pres- 
sure and  a  slight  increase  in  the  amplitude  of  the  heart  beat.  These  results  agree 
with  the  experiments  of  Hamburger,-  Lewis,  Miller  and  Mathews,'  Herring,' 
Howell,"'  and  others  working  with  anterior  lobe  extracts. 

Robertson''  also  carried  out  extensive  investigations  to  determine  the  effect 
of  tethelin  on  the  gr(j\\lh  of  white  mice.  He  fcnuid  that  adniinislralion  of  tethe- 
lin ])roduces  a  marked  retardation  of  the  first  ]M:)rti(-)n  of  the  third  growth  cycle, 
followed  by  acceleration  of  the  latter  ])ortion  of  the  same  o\cK'.  These  results 
are  in  agreement  with  the  obserxations  of  .\ldrich,'  Schiifer,"'  Wul/en,''  and  Rob- 
ertson'" on  feeding  anterior  lobe  to  experimental  animals.  Cholesterol"  was 
found  to  have  a  like  effect  on  the  growth  of  mice,  although  larger  (juantilies  are 
re(|uired.  Tethelin  gi\en  h\  podermicalK-  to  rats  was  fmiiid  li\  Robertson  and 
Hurnett'-'  to  increase  the  rale  of  growth  of  the   I'lcxner   jobling  carcinoin.-i.  .'ind. 

*I'"roni  tlic  Hearst  Laboratory  of  I'atlioloKy  and  Raclc-riology  and  tlic  licparlnioiit  nf  liiodu-tiiistry 
I  of  the  liiivcrsity  of  California.  Aided  l)y  a  gr.-iiu  from  tlie  C.eorge  Williams  IIoo|icr  Foundation  for 
1     Medical   Research. 

Submitted  to  the  National  Rescarclr  Counrl  liy  1".  I'.  C.,iy,  M.l).,  Mi-iuIrm  of  the  Committee  on 
Medicine  and  Hygiene. 
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likewise,  to  have  the  tendency  to  form  metastases.  In  these  respects  the  effects 
produced  by  tethelin  were  similar  to  those  produced  by  anterior  lobe.^^  Choles- 
terol" also  produces  a  like  effect.  The  action  of  tethelin,  as  well  as  other  lipoids, 
on  growth  are  those  of  a  catalyser  though  the  mechanism  whereby  such  catalysers 
act  is  not  known.  Robertson^"  has  also  investigated  the  action  of  tethelin  as  an 
accelerator  of  tissue  repair  and  found  that  it  has  a  marked  stimulating  action  on 
the  healing  of  wounds. 

On  account  of  the  importance  of  tethelin,  as  shown  by  the  work  of  investi- 
gators previously  cited,  and  its  possible  appHcation  as  a  therapeutic  agent,  it  was 
considered  of  interest  to  study  the  properties  and  action  of  this  substance  further, 
particularly  along  the  lines  indicated  by  the  subsequent  headings.  Reference  to 
this  work  has  alreadv  been  made  bv  Robertson. ^'^     The  tethelin  vised  for  these 


Fig-    1- — Showing  effect   of  tethelin  and  tethelin-split  product  on   the  isolated   guinea-pig  uterus.      1    c.c.   split 

product  =0=  to  2L'  mg.   tethelin. 


experiments  was  generously  supplied  to  me  by  Professor  Robertson  to  whom  I 
wish  to  express  my  thanks. 

ANTIGENIC    PROPERTILS. 

Normal  rabbits  Nos.  843  and  850  were  given  six  intravenous  injections  of 
50  mg.  each  of  tethelin  dissolved  in  salt  solution  over  a  period  of  two  weeks  and 
bled  ten  days  after  the  last  injection.  Alexin-fixation  experiments,  using  one 
quarter  of  the  minimum  inhibiting  dose  of  antigen  and  doses  of  rabbit  serum  of 
1/TO  cubic  centimeters,  were  carried  out  in  the  usual  manner.  No  fixation  was 
obtained. 

Four  guinea  pi^s  were  given  doses  of  tethelin,  varying  from  5  to  50  mg.,  in- 
traperitoneally,  andr-three  weeks  later  each  was  given  a  second  dose  of  50  mg. 
Observations  of  the  body  temperature  were  made  in  a  similar  manner  to  the 
method  used  by  Wells  and  Osborne^'  in  their  studies  on  the  biological  reactions 
of  proteins.    Only  slight  changes  in  body  temperature^not  greater  than  observed 
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on  injection  of  a  similar  dosage  into  a  normal  animal — were  noted.  The  sub- 
stance is  likewise  nontoxic ;  100  milligram  doses  can  be  given  intraperitoneally  to 
a  guinea  pig  without  the  animal's  showing  toxic  symptoms. 

These  experiments,  showing  that  tetheHn  is  nonantigenic,  are  in  agreement 
with  the  majority  of  the  work  on  lipoids  cited  by  Landsteiner^**  and  the  more 
recent  work  of  Fitzgerald  and  Leathes^^  and  Thiele  and  Embleton.-"  Adrenalin 
likewise  possesses  no  antigenic  properties,  as  shown  by  the  work  of  Elliott  and 
Durham.-^  The  characteristic  febrile  response  noted  by  Crowe,  Gushing  and 
Homans"  on  injecting  boiled  anterior  lobe  emulsions  in  states  of  experimental 
hvpopituitrism  can  not  be  attributed  to  anaphylactic  shock  (this  possibility  was 
pointed  out  by  them)  produced  by  injections  of  the  active  principle  of  the  an- 
terior lobe. 

The  work  of  various  observers,  showing  that  the  antigen  used  in  the  Was- 
sermann  test  for  syphilis  can  be  wholly  or  in  part  replaced  by  artificial  antigens,-^ 
such  as  cholesterol,  lecithin,  fatty  acids,  etc.,  led  to  the  attempt  to  substitute 
tethelin  for  the  usual  antigen  used  in  the  test.  Through  the  courtesy  of  Miss  Grace 
A.  Macmillan  of  the  State  Hygienic  Laboratory,  I  was  supplied  with  a  number  of 
sera  and  spinal  fluids,  which  had  previously  been  found  by  her  to  be  triple  posi- 
tive. These  tests  carried  out  with  the  usual  technic,  using  one  quarter  of  the 
minimum  inhibiting  dose  of  tethelin  as  antigen  and  1/10  c.c.  of  the  luetic  sera, 
showed  no  inhibition  of  hemolysis.  Tethelin  is,  therefore,  incapable  of  acting 
as  the  antigen  in  the  Wassermann  test. 

EFFECT  ox  RLOOD  PROTEINS. 

The  effect  of  the  injection  of  various  substances,  such  as  proteins,  bacterial 
toxins,  bacterial  vaccines  and  living  virulent  bacteria,  on  the  proteins  of  the  blood 


Table  I. 

Effect  of  Injecting  100  Mg.  Tethelin   Intravenously  on  the  Proteins  of  the  Blood 

Serum  of  Rabbit  No.  845   9.    Initial  Weight  3  Kilos.    Animal  Lost  60  Grams 

DURING  Experiment. 


Day  of 

Leucocyte 

Non- 

Albu- 

Globu- 

Total 

Albumin 

Globulin 

Protein 

Experi- 

count 

Protein 

min 

lin 

Protein 

calculated 

calculated 

Quotient 

ment 

% 

% 

% 

% 

as  %  total 
Protein 

as  %  total 
Protein 

1 
2 
3 

10700 

1.3 

5.2 

1.5 

6.7 

78 

22 

3.5 

8800 

1.3 

4.4 

1,6 

6.0 

IZ 

27 

2.7 

4 

11400 

1.3 

5,0 

14 

64 

78 

22 

3.5 

5 

11800 

1.3 

4,6 

1,6 

6,2 

74 

26 

2.8 

6 

11300 

1.3 

4.6 

1,8 

6,4 

72 

28 

2,6 

Averages 

1.3 

4,8 

1.6 

6,3 

75 

25 

3.0 

6        100  mg 

.  tethelin  ii 

travenous 

V  at  10 

a.m. 

6-4  p.m. 

128C0 

1.4 

4,7 

1,5 

6.2 

76 

24 

3.2 

7 

10700 

1,3 

4,6 

1,6 

6,2 

74 

26 

2.9 

8 
9 
10 

8400 

1.2 

4,5 

1,8 

6,3 

71 

29 

24 

10800 

1.3 

5.2 

1,4 

6,6 

79 

21 

3.8 

11 

8000 

1.4 

4,3 

1,9 

6,2 

69 

31 

2.2 

12 

8600 

1,3 

44 

20 

6.4 

69 

31 

2.2 

.\verages 

1.3 

4.6 

1.7 

6.3 

IZ 

27 

2.8 
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serum  has  been  the  subject  for  extensive  investigations  in  recent  time  by  Rowe  '-' 
Righettir^  Hurwitz  and  Meyer,-^  and  Schmidt."  The  effect  of  tethehn'on  serum 
protems  has  also  been  investigated,  the  determinations  being  carried  out  accord- 
ing to  the  micro-refractometric  method  of  Robertson.^*  As  seen  from  the  follow- 
ing results,  the  injection  of  tethelin  is  without  effect  (Table  I,  II  and  III). 


Table  II. 

Effect  of  Injecting  100  Mg.  Tetheein  Intkaperitoneally  on  the  Proteins  of  the  Blood 

Serum  of  Rabbit  ^o.  846   9.     Initial  Weight  2380  Grams.     Animal  Gained  60 

Grams  during  Experiment. 


Day  of 

Experi- 
ment 

Leucocyte 

Non- 

Albu- 

Globu- 

Total 

Albumin 

Globulin 

Protein 

count 

Protein 

% 

mm 

% 

lin 

% 

Protein 

% 

calculated 
as  %  total 

calculated 
as  %  total 

Quotient 

Protein 

Protein 

1 
2 

11600 

1.3 

3.8 

1.8 

5.6 

68 

32 

2.1 

3 

14300 

1.3 

3.7 

2.2 

5.9 

63 

37 

1  7 

4 

1 1800 

1.3 

4.4 

1.8 

6.2 

71 

29 

?4 

5 

12400 

1.3 

4.0 

2.1 

6.1 

66 

34 

1  9 

6 

11700 

1.3 

4.4 

1.6 

6.0 

73 

27 

27 

Averages 

1.3 

4.1 

1.9 

6.0 

68 

32 

9  2 

6-10  a.m. 

100  mg.  teth( 

din  intra 

iperitoneallv. 

6-4  P.M. 

10600 

1.2 

4.5 

1.4 

5.9 

76 

24 

32 

7 

11100 

1.3 

3.6 

2.1 

5.7 

63 

37 

1  7 

8 
9 

11300 

1.2 

3.9 

2.1 

6.0 

65 

35 

1.9 

10 

'  10600 

1.3 

4.8 

1.3 

6.1 

79 

21 

38 

11 

9800 

1.4 

3.9 

2.4 

6.3 

62 

38 

1  6 

12 

11800 

1.3 

4.2 

1.8 

6,0 

70 

30 

23 

Averages 

1.3 

4.1 

1.9 

6.0 

69 

31 

2.2 

T^BLE   III. 

Effect  OF  Injecting  100  Mg.  Tethelin  Subcutaneously  on  the  Proteins  of  thf  Biood 

bERUM  OF  Rabbit  No.  847  9.    Initial  Weight  2470  Grams.    ANrMAL  Gainfd  IoO 

Grams  during  Experiment. 


Day  of 

Experi- 

Leucocyte 

Non- 

Albu- 

Globu- 

Total 

Albumin 

Globulin 

Protein 

couni 

Protein 

min 

lin 

Protein 

calculated 

calculated 

Quotient 

% 

7o 

% 

% 

as  %  total 

as  %  total 

Protein 

Protein 

1 
2 

8800 

1.3 

4.2 

1.6 

5.8 

72 

28 

2.6 

3 

4 
5 
6 
Avcrae;cs 

6-10   AM. 

7200 

1.3 

3.5 

2.3 

5.8 

60 

40 

I  5 

7600 

1.3 

4.0 

1,8 

5.8 

69 

31 

22 

8300 

1.3 

3.4 

2.2 

5.6 

61 

39 

1  6 

9400 

1.2 

4.5 

1.5 

6.0 

75 

25 

30 

100  mg.  tc-tlir 

1.3 

lin  subcut 

3.9 

ancou.sl' 

1.9 

5.8 

67 

33 

2.0 

6-4  P.M. 
7 
8 
9 

10100 

1.3 

4.2 

1.2 

5.4 

78 

?? 

3  5 

8(K)0 

1.3 

3.9 

1.7 

5.6 

70 

30 

23 

7200 

1,3 

3.2 

2.2 

5.4 

59 

41 

1.4 

10 
11 
12 

Averages 

7700 

1.3 

4.2 

1.5 

5.7 

74 

26 

28 

7200 
7S(i) 

1.3 
1.3 

3.5 
4.2 

2.2 

1,7 

5.7 
5.9 

01 

71 

39 
29 

1.6 

2.5 

1.3 

3.9 

1,8 

5.0 

(i<-) 

31 

22 

716  THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

EFFECT   ON    BLOOD    COUNT. 

The  function  of  tethelin  as  a  stimulator  of  the  growth  of  granulation  tissue 
in  wounds  is  that  of  a  catalyser  of  growth.  It  seemed  possible  that  the  action 
might  consist  in,  the  production  of  an  increased  leucocytosis.  That  tethelin  has 
no  striking  efifect  on  the  production  of  an  increased  leucocytosis  is  shown  by  the 
following  experiments  (Table  IV). 

Table  IV. 

EfFECT   OF   THE    INTRAVENOUS    INJECTION    OF    100    MG.    TeTHEI-IN    ON   THE    LEUCOCYTE    CoUNT   OF 

Rabbit  T.  $ . 
time.  leucocyte  count. 


9:00  A.M. 

12300 

9:30     " 

100  mgs.  tethelin  intravenously 

10:00     " 

11300 

10:30     " 

9600 

11:05     " 

10100 

11:30     " 

14700 

12:08  P.M. 

16200 

12:40     " 

11800 

1:10     " 

12600 

1:43     " 

11700 

2:10     " 

lOCOO 

2:40    " 

10400 

3:10    " 

12200 

3:45     " 

10200 

4:20     " 

9700 

5:20     " 

12700 

The  effect  of  tethelin  on  the  leucocyte  count  of  rabbits  under  operative  con- 
ditions was  likewise  determined.  Two  rabbits  of  practically  the  same  weights 
were  operated  on  for  me  by  Dr.  E.  S.  May.  A  four  inch  skin  incision  on  the  abdo- 
men of  the  animal  was  made  under  nitrous  oxide  anesthesia.  Rabbit  No.  848  re- 
ceived 100  mg.  of  tethelin  subcutaneously  just  after  the  operation,  while  No.  849 
received  none.    The  results  are  shown  in  Table  V. 

Table  V. 


LEUCOCYTE   COUNT. 


Rabbit  No.  848. 

Previous  clay                                  9:00  a.m.  8000 

Day  of  operation                            9:30     "  8100 

10:30    "  Operated— 100  mg.  tethelin 

2:30  P.M.  7100 

5:40    "  7200 

Following  day                             10:00  a.m.  6700 

Rabbit  No.  849. 

Previous    day                                 9:00  .\.m.  10,200 

Day  of  operation                        9:30     "  13,600 

"  10:15     "  Operated — no  tethelin 

2:30  p.m.  16,200 

5:40     "  12.800 

Following  day                            10:00  .\.m.  9,900 
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The  effect  of  a  200  milligram  dose  of  tethelin  administered  subcutanenously 
on  the  leucocyte  count  of  human  subject  T.B.R.  was  also  studied  with  the  follow- 
ing results  (Table  VI). 


Table 

VI. 

TIME. 

LEUCOCYTE  COUNT. 

Day  previous 

to  injection 

10:30  A.M. 
6:00  P.M. 

8400 

7700 

Day  of  experi 

ment 

11:30  A.M. 
11:45     " 

8100 
200  mg.  tethelin  subcutaneously 

2:00  P.M. 

R 

ing  of  hyperemia  was  noted,  which 
disappeared   shortly   afterwards 

" 

3:40     " 

8500 

" 

6:15     " 

8900 

Following  day 

11:00  A.M. 

7200 

No  temperature  change  or  symptoms  were  shown  following  the  injection  of 
tethelin.  Differential  counts  likewise  showed  no  appreciable  change  from  the  nor- 
mal. That  the  slight  increase  in  the  leucocyte  count  following  the  intravenous 
injection  of  100  nig.  of  tethelin  shown  by  rabbit  T$  can  not  be  attributed  to  a 
specific  effect  of  tethelin  is  shown  by  the  work  of  Hamburger  and  Reufs-^  and 
Aschenheim,^*'  who  obtained  similar  increases  of  leucocyte  counts  on  mjection 
of  proteins,  foreign  sera,  and  other  substances. 

GROWTH   OF  BACTERIA. 

Certain  bacteria  can  grow  on  a  medium  containing  one  per  cent  tethelin  and 
a  trace  of  salt.  A  number  of  generations  of  B.  coli  and  B.  proteus  were  grown 
on  such  media  for  a  number  of  generations  without  the  production  of  gas  or  indol. 
B.  bulgaricus,  however,  does  not  grow  on  this  medium.  Gas  was  produced  by 
B.  coli  on  a  medium  containing  one  per  cent  tethelin  and  one  per  cent  glucose. 
Evidently  these  organisms  can  derive  sufficient  nitrogen  for  growth  by  breaking 
down  of  the  complex  organic  substance. 

ACTION   OF   FERMENTS. 

Attempts  to  split  tethelin  by  the  action  of  ferments  gave  negative  results. 

Griibler's  trypsin,  shown  to  be  active  by  parallel  ex])erimcnts  on  casein,  failed  to 

produce  an  increase  of  amino  nitrogen  after  twenty-four  hours  action  on  tethelin 

at  incubator  temperature.     Evidently  the  complex  structure  of  tethelin  makes  it 

1  resistant  to  the  action  of  trypsin.     In  the  case  of  ])ituitrin  it  has  been  observed 

I  by  Dale''^  that  whereas  pepsin  failed  to  reduce  the  ])ressor  or  diur^-lic  principle, 

'  trypsin  reduced  the  action  on  blood  pressure  and  urinar}-  tlow  to  nil  after  a  few 

1  hours  digestion.     An  active  lif)ase  obtained  from  a  pig's  li\i-r  likewise  failed  to 

produce  a  s[)litting  of  tethelin,  as  judged  by   increase  of  litr;ilal)le   fatty  acid. 

I  Mueller^-  found  that  cholesterol  esters  resist  saponification  1)\  ihe  ordinarx-  li])ases. 

jwhich  easily  hydrolyze  neutral  fat.     A  comparable  resistance  is  o\i(lently  shown 

'by  tethelin. 

That  the  active  principle  associatc(l  with  the  posterior  lobe  of  the  pituitary 
ibody  is  entirely  absent  from  the  anterior  lobe  was  found  by  a  number  of  observ- 
jers,  previously  cited,  who  have  .shown  that  this  is  true  in  regard  to  inability  to 
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produce  a  rise  of  blood  pressure  and  diuresis.  It  has  also  been  shown  by  Her- 
ring^-'*  that  extracts  from  the  anterior  lobe  do  not  stimulate  the  uterus  to  contract. 
This  has  been  confirmed  with  respect  to  tethelin  by  a  number  of  experiments  on 
isolated  cat  and  guinea  pig  uteri.  The  well  known  method  vised  by  Dale  and 
Laidlaw^*  for  the  standardization  of  pituitary  extracts  was  employed.  The  uteri 
were  suspended  in  300  c.c.  of  either  Ringer's  or  Locke's  solution,  and  amounts 
of  tethelin  vatying  from  10  to  100  mg.  added.  No  contraction  was  observed. 
Addition  of  either  pituitary  extract  or  ergamine  prodviced  the  usual  contraction 
in  every  instance.  This  indicates  that  tethelin  possesses  none  of  the  characteristic 
properties  of  pituitary  extracts  as  well  as  freedom  from  contamination  by  posterior 
lobe  substance.  Tethelin  which  had  been  subjected  to  the  action  of  trypsin  and 
lipase  likewise  failed  to  stimulate  uteri  to  contract. 

Summary. — The  properties  and  action  of  tethelin,  the  active  principle  of  the 
anterior  lobe  of  the  pituitary  body,  have  been  studied.  It  was  found  ^hat  tethelin 
is  nonantigenic  and  nontoxic;  hence  its  use  therapeutically  is  warranted.  It  can 
not  be  used  as  the  antigen  in  the  Wassermann  test,  has  no  effect  on  the  proteins 
of  blood  serum,  does  not  cause  a  specific  hyperleucocytosis,  can  be  used  as  a 
medium  for  the  growth  of  certain  bacteria,  is  not  split  by  trypsin  or  lipase,  and 
does  not  stimulate  contraction  of  the  isolated  cat  or  guinea  pig  uterus. 
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MEMORANDUM  AS  TO  THE   MEANS  OF  PREVENTING  AND  TREAT- 
ING TYPHOID  FEVER,  PARTICULARLY  IN  ARMIES,  UNDER 
THE  CONDITION  OF  WAR* 


By  Frederick  P.  Gay,  M.D.,  Berkeley,  Calif. 


PROPHYLACTIC  vaccination  against  typhoid  fe\er  is  now  acceptably  the 
most  important  weapon  for  the  prevention  and  eventual  abolition  of  this 
disease.  Adoption  of  similar  methods  to  the  paratyphoid  fevers  will  unques- 
tionably lead  to  their  disappearance  as  well.  The  following  statements  are  pre- 
sented as  a  personal  impression  of  how  the  important  facts  we  already  possess 
concerning  vaccination  against  typhoid  may  best  be  applied,  and  also  further  sug- 
gestions as  to  lines  of  investigation  that  may  lead  to  further  advances. 

A.    PROCEDURES   IX    ANTITYPHOID    VACCIXATIOX    WHICH    MAY    BE    REGARDED    AS 
ALREADY  SUEEICIEXTLY   PROVEX   TO  BE  APPLIED. 

1.  In  times  of  peace  and  of  war  armies  should  be  completely  immunized 
against  typhoid  and  paratyphoid  fevers  by  means  of  vaccination.  Every  effort 
should  be  made,  moreover,  to  extend  opportunities  for  vaccination  to  the  gen- 
eral population,  where  prophylactic  results  hitherto  have  not  been  so  thoroughly 
good  as  in  armies,  owing,  at  least  in  some  part,  to  the  fact  that  entire  groups  of 
individuals  have  not  been  vaccinated.  \Ve  regard  the  most  successful  results  of 
vaccination  in  the  United  States  Army  as  due  somewhat  to  the  fact  that  one 
hundred  per  cent  of  the  men  have  been  vaccinated.  If  the  entire  population  be- 
came vaccinated,  there  is  reason  to  anticipate  that  t}phoid  fe\er  would  eventually 
disappear. 

2.  The  type  of  vaccine  to  be  employed  in  imnumization  should  be  uniform. 
It  should  be  prepared  either  in  a  large  central  laboratory   for  distribution 

over  the  entire  country,  or  might  be  prepared  in  several  laboratories  in  different 
parts  of  the  country  under  rigid  directions  and  then  controlled  b\'  a  central 
laboratory.  Numerous  varieties  of  typhoid  vaccine  have  been  prepared  and  ad- 
vocated. It  is  difficult  or  impossible  to  estimate  which  of  these  vaccines  repre- 
sents the  best  preventive  against  typhoid  fever,  but  that  there  is  a  difference  in 
the  protective  value  of  one  vaccine  over  another  is  undoubted.  Certain  criteria 
may,  however,  we  believe,  be  accepted  as  essential  in  the  ]M-eparation  and  admin- 
istration of  vaccines.  The  important  points  in  the  jireparalion  of  the  \accine 
itself  are,  we  believe,  the  following: 

(a)  A  typhoid  vaccine  to  be  most  ellicient  pro[)hylactically  sliould  be  poly- 
j  valent,  containing  representative  strains  of  the  ty])hoi(l  bacilli  which  lia\e  lu'cn 
j  shown  to  \-ar\-,  and  particularK'  containing  fr(,>lil\-  isolatetl  strain--  in  pri'])on- 
I  derance  rather  than  old  laboratory  strains  of  the  organism. 

(b)  The  method  of  killing  vaccine  may  be  either  by  heating  to  a  moderate 
■  degree,  not  above  35"^  C,  or  b\-  the  admixtnre  of  alcohol  or  ctlu-r.      1   am  pei-- 

Isonally  inclined  to  believe  that  one  of  the  latter  methods  is  the  better. 
•Sutimittfd   to   tlic   Xalioii.il    Riscnnh   I'lmncil    l)y   I'liiii  ruk    1'.   ('..ly.   ;is   >[fml)rr   of   ihi-   Coiiiiiiillri-   on 
Medicine  ami    Hygicm-. 
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(c)  Any  vaccine  employed  for  army  administration,  particularly  in  times  of 
war,  should  contain  equal  parts  of  typhoid  (polyvalent)  and  of  paratyphoid  alpha 
and  paratyphoid  beta,  which  should  also  be  compounded  of  a  number  of  strains. 
It  is  probably  not  necessary  to  include  the  paratyphoid  vaccines  in  the  immuniza- 
tion of  civil  communities. 

3.  ]\Iode  of  inoculation  of  vaccine,  including  dosage. 

In  addition  to  the  usual  procedures  of  asepsis  and  choice  as  to. the  time  of 
day  for  administration,  care  in  reference  to  diet,  observation  as  to  the  few  pos- 
sible contraindications,  a  uniform  procedure  of  administering  the  vaccine  should 
be  adopted  which  should  include  the  following : 

(a)  The  total  immunizing  treatment  should  include  not  less  than  3,000  mil- 
lion of  each  of  the  organisms,  typhoid  and  the  two  paratyphoids,  employed,  which 
should  be  administered  in  equal  parts  simultaneously.  Recent  results  in  Europe 
lead  us  to  believe  that  the  three  vaccines  may  be  given  in  doses  as  large  as  1,000 
million  each  without  any  severer  results  than  those  obtained  by  the  use  of  a 
single  organism.  Under  these  conditions  three  injections  would  suffice  to  com- 
plete the  treatment,  but  if  the  reaction  is  too  severe,  the  dosage  could  be  dimin- 
ished and  a  larger  number  of  injections  be  given,  the  total  amount  of  bacteria 
employed  being  more  important  than  the  number  of  inoculations. 

(b)  The  injections  should  be  given  on  alternate  days,  a  method  which  would 
hasten  the  time  of  protection,  facilitate  the  completion  of  inoculations  of  large 
numbers,  and  will  apparently  produce  as  lasting  immunity  as  vaccinations  at 
longer  intervals. 

4.  Methods  should  be  taken  to  test  the  lack  of  immunity  in  vaccinated 
individuals. 

We  believe  that  the  typhoidin  test  offers  an  indication  of  failure  of  the 
individual  to  respond  properly  to  vaccination  when  the  test  is  negative  and 
thereby  serves  as  an  indication  for  revaccination.  The  test  should  not  be  em- 
ployed as  a  means  of  insurance  of  absolute  protection  against  typhoid  fever, 
w^hich  could  probably  never  be  assured.  We  suggest,  therefore,  that  every  vac- 
cinated individual  be  tested  one  month  after  completing  treatment  by  the  ty- 
phoidin test,  which,  if  negative,  indicates  need  of  further  injections.  Each  in- 
dividual should  further  be  tested  at  yearly  intervals  in  a  similar  manner. 

B.     SUGGESTED    LINES    OF    INVESTIGATION    IN    ANTITYPHOID    IMMUNIZATION. 

1.  Tests  of  the  comparative  protective  value  of  sensitized  vaccines. 

We  believe  that  sensitized  vaccines  give  indications  of  protecting  better 
against  typhoid  fever  than  tmsensitized  vaccines.  We  suggest,  then,  that  it 
would  be  thoroughly  justifiable  and  of  scientific  value  to  vaccinate  in  an  army 
certain  parts  of  tmits  with  sensitized  instead  of  with  unsensitized  vaccine  in  the 
same  doses,  so  as  to  test  under  the  subsequent  conditions  of  like  exposure  the 
relative  protective  value  of  the  two  methods.  This  procedure  could  not  be 
recommended  if  there  wxre  not  sufficient  evidence  to  lead  us  to  believe  that  sen- 
sitized vaccines  are  at  least  as  protective  as  unsensitized. 

2.  If  similar  groups  of  men  are  vaccinated  bv  two  or  more  methods,  a  sub- 
sequent study  of  the  presence  of  antibodies  in  their  blood  and  of  typhoidin  re- 
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actions    would   be    of   great    value    as    correlated    with    their    actual    protection 
against  typhoid  fever. 

3.  It  has  been  asserted  that  the  typhoidin  test  is  not  absolutely  specific  in 
that  typhoid  vaccinated  individuals  may  give  a  positive  reaction  with  a  similar 
preparation  of  paratyphoidin  alpha.  We  regard  this  fact,  if  true,  as  in  no  way 
militating  against  the  use  of  the  reaction  as  indicating  revaccination.  It  is  im- 
portant, however,  to  test  out  how  far  typhoid  vaccinated  individuals  will  re- 
spond to  extractives,  not  only  of  paratyphoid  but  of  other  bacteria,  and  the 
similar  behavior  of  individuals  that  have  been  vaccinated  against  paratyphoid 
as  well  as  typhoid  organisms.  ( An  investigation  of  this  problem  is  already 
under  way  in  this  laboratory.) 

C.    TREATMENT    OF    TYPHOID    FEVER. 

A  few  cases  of  typhoid  fever  will  unc[uestionably  still  occur  in  spite  of  the 
best  methods  of  prophylactic  immunization  that  can  at  present  be  devised. 
These  cases  have  been  present  even  in  the  relatively  successful  results  that 
have  attended  vaccination  in  the  United  States  army,  and  have  increased  during 
the  recent  conditions  of  greater  exposure  on  the  Mexican  border.  In  actual 
warfare  they  would  be  still  further  increased,  as  is  evidenced  by  the  1500  or 
more  cases  that  have  occurred  in  the  British  army  during  the  first  two  years  of 
the  war.  It  is  important  that  these  cases  should  be  segregated  as  soon  as  diag- 
nosis is  made,  and  treated.  We  regard  the  recent  results  with  the  intravenous 
injections  of  vaccine,  particularly  of  sensitized  vaccine,  as  not  only  promising 
but  as  indicated  in  all  cases  of  typhoid  fever,  as  shortening  in  the  majority  of 
cases  and  as  aborting  in  about  one-third  of  the  cases  the  course  of  the  disease. 

D.    TYPHOID    CARRIERS. 

Every  method  should  be  utilized  for  the  detection  of  typhoid  carriers  in 
armies,  and  further  studies  should  be  undertaken  as  a  possible  means  of  cure 
of  these  conditions,  which  have  proved  so  refractory  to  the  present  time.  We 
regard  the  present  investigations  which  are  being  undertaken  in  several  plates 
on  the  carrier  condition  in  ral)bits  as  most  promising  in  this  direction. 


THE    PREPARATION   OF    THE   PURE   SODIUM   PHOSPHITE    AS   AN 
ANTIDOTE  FOR  MERCURIC  CHLORIDE  POISONING* 


By  G.  A.  LiNTiART,  Berkeley,  Calif. 


IX  June,  1913,  a  preliminary  paper  was  published  by  the  writer,^  dealing 
with  the  transformation  of  mercuric  chloride  to  calomel  in  the  body  in 
cases  of  mercuric  poisoning.  Unfortunately,  the  work  had  to  be  discontinued 
owing  to  lack  of  money  for  the  purchase  of  materials  and  animals.  However, 
it  is  very  gratifying  to  find  that  several  investigators  soon  took  up  the  problem, 
and,  after  extensive  investigations,  have  conclusively  substantiated  my  results, 
although  none  of  these  investigators  have  apparently  seen  my  paper.  I  am 
quite  sure  that  if  they  had  they  would  have  given  it  due  recognition.  A  knowl- 
edge of  its  contents  would  have  enabled  them  to  interpret  their  results  far  more 
satisfactorily.  Thus,  Fantus-  states  that  he  is  unable  to  explain  why  sodium 
bicarbonate  alone  has  any  antidotal  value  in  cases  of  mercuric  poisoning.  The 
answer  is  that  the  metabolic  changes  taking  place  in  the  body  are  essentially 
oxidation-reduction  processes.  Hence,  these  numerous  reducing  substances 
react  with  the  mercuric  chloride  at  different  but  specific  rates,  which  increase 
with  decrease  in  concentration  of  acid ;  this  decrease  in  the  acid  concentration  is 
effected  by  the  sodium  bicarbonate.  Another  factor  that  has  to  be  taken  into 
account  is  the  degree  of  complexity  of  the  mercuric  chloride,  for  the  latter 
forms  complex  compounds^  with  other  chlorides,  and  these  complexes  react 
exceedingly  slowly*  with  reducing  agents.  Therefore,  in  order  to  obtain  the 
best  results,  the  condition  of  the  system  must  be  regulated  accordingly.  For 
example,  every  trace  of  acid  must  be  previously  neutralized  if  the  reduction  of 
the  mercuric  chloride  to  calomel  by  sodium  phosphite  is  to  be  complete  and  in- 
stantaneous. To  accomplish  this  without  the  introduction  of  an  alkali,  which 
is  in  itself  poisonous,  sodium  salts  of  weak  acids  may  be  used.  Sodium  bicar- 
bonate was  found  best  for  this  purpose. 

Theoretically  a  salt  like  sodium  bicarbonate  should  be  more  effective  in  the 
neutralization  of  the  acids  in  the  system  than  sodium  acetate  because  the  reac- 
tion between  sodium  acetate  and  hydrochloric  acid,  formed  in  the  reduction  of 
mercuric  chloride  by  reducing  agents,  is  not  complete,  while  the  reaction  be- 
tween sodium  bicarbonate  and  hydrochloric  acid  is  instantaneous  and  quantita- 
tive, giving  sodium  chloride,  carbon  dioxide,  and  water.  This  is  substantiated 
by  experiment.  The  sodium  chloride  must,  of  course,  be  frequently  removed 
together  with  the  other  products  of  the  reaction  by  means  of  magnesium  citrate 
or  some  similar  substance,  as  the  sodium  chloride  tends  to  retard  the  rate  of  the 
reduction  of  the  mercuric  chloride,  owing  to  the  formation  of  complex  com- 
pounds previously  mentioned. 

Finally  Fantus  calls  attention  to  the  fact  that  a  mixture  of  hydrogen  per- 
oxide and  sodium  hypophosphite  is  quite  as  efficient  as  sodium  phosphite;  but 
here  again,  he  states  that  he  is  unable  to  explain  "why  hydrogen  peroxide,  an 

*'Contriliuti(-ii    from    the    Dej-artmcnt    of    Chemistry    of    the    University    of    California. 
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oxidizing  agent,  should  increase  the  efficiency  of  a  reducing  agent  Hke  hypo- 
phosphite."  A  theoretical  discussion  of  this  belongs  to  the  realm  of  theoretical 
chemistry.  It  may,  however,  be  of  interest  to  point  out  that  stoichiometricalh' 
the  reaction  between  sodium  hypophosphite  and  mercuric  chloride  in  the  presence 
of  hydrogen  peroxide  is  identical  with  the  reaction  between  sodium  phosphite 
and  mercuric  chloride.     This  is  shown  by  means  of  the  following  equations  : 

1.  H3PO,  +  H,03  +  2HgCL  =  H3PO,  -f  2HCI  +  Hg,CL 

2.  H3PO3  +  H,0  +  2HO-CU  =  H3PO,  +  2HC1  +  Hg.Cl, 


=^ 


CQ2 


Moreover,  h\-drogen  i)er()\ide,  as  is  well  known,  reads  with  llic  b'tiod,  and 
!  IS  therefore  very  undesirable,  especially   for   intraxi-nous   injections. 

The  publication   of   this   paper  al    tlu'   pic  cut    liiiu'   is    not    nicrelx    to   claim 

l)riority,  for  were  it  solely   for  this  reason,  it   would  not  lia\e  been  delayed  until 

now.     In  fact,  the  two  main  reasons  are,  lirst,  several  [)hysicians  lia\e  re(|ues(ed 

me  to  publish  the  method  of  ])reparing  the  pure  ])h()S])h()rous  acid  as  |>r()mise(l  in 

imy  preliminary  paper;  and,  secon<l,  I  wish  to  suggest  the  possibility  of  adminisler- 

I  ing  rather   large   doses   of   mercurie    conipnunds    in    infectious   diseases,   such    as 
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syphilis,  allowing  the  mercuric  compound  to  remain  in  the  system  as  long  as  pos- 
sible and  then  removing  the  excess  when  necessary  by  means  of  sodium  phosphite 
and  sodium  bicarbonate. 

preparation  oe  pure   phosphorous  acid. 

The  method  of  preparing  the  acid  is  most  conveniently  described  in  connec- 
tion with  the  figure. 

The  phosphorus  trichloride  is  introduced  into  the  separatory  funnel,  pro- 
vided with  a  groove  in  the  ground  glass  stopper  for  the  admission  of  air,  which 
permits  the  phosphorus  trichloride  to  flow  out  into  the  flask  via  the  stopcock. 
The  phosphorus  trichloride  is  allowed  to  flow^  into  the  water  at  such  rate  that 
there  are  never  more  than  a  few'  drops  at  the  bottom  of  the  flask.  This  is  aided 
by  passing  a  steady  current  of  CO2  gas,  the  function  of  which  is  also  to  prevent 
oxidation  of  the  phosphorous  acid  b_v  excluding  the  air. 

The  CO,  entering  the  wash  bottle  on  the  right  hand  side  is  already  purified, 
the  function  of  this  wash  bottle  being  to  supply  moist  COo  for  the  subse- 
quent removal  of  the  last  traces  of  HCl.  The  wash  bottle  on  the  left  hand 
side  serves  merely  as  a  gauge  to  regulate  the  suction  at  the  exit  of  the  gases, 
(HCl,  CO2,  and  H2O).  If  the  rate  of  drawing  off  of  the  gases  is  too  slow, 
fumes  of  HCl  gas  will  appear  at  the  cork  stopper  of  the  flask.  When  this  hap- 
pens, the  suction  must  be  increased  sufficiently  to  just  prevent  the  fuming, 
otherwise,  a  small  amount  of  air  will  be  drawn  into  the  flask.  The  cork,  as 
well  as  the  holes  through  which  the  separatory  funnel  and  the  two  tubes  pass, 
is  lined  with  platinum  foil  to  prevent  the  action  of  the  moist  HCl  gas  on  the 
cork  stopper  and  the  subsequent  contamination  of  the  solution  below.  The 
cork  thus  protected  is  more  satisfactory  than  all-glass  connections,  as  the  whole 
apparatus  is  not  so  rigid  and  therefore  less  fragile.  Moreover,  the  flask  is 
made  of  "Pyrex"  glass  which  is  best  for  the  purpose,  but  which  can  not  be  safely 
sealed  onto  any  other  glass,  and  there  are  as  yet  no  "Pyrex"  separatory  fun- 
nels on  the  market. 

After  the  desired  amount  of  phosphorus  trichloride  has  been  allowed  to 
react  with  the  water  in  the  flask,*  (it  is  not  necessary  to  cool  the  flask  during 
the  process)  the  wooden  block  upon  which  the  flask  rests  (the  flask  is  held  in 
position  by  a  clamp,  not  shown  in  the  figure),  is  replaced  by  a  water  bath.  The 
water  is  gradually  warmed  until  its  temperature  is  about  the  same  as  that  of 
the  melted  paraffine  bath  by  which  the  w^ater  bath  is  replaced.  The  paraffine 
bath  is  then  gradually  heated  until  its  temperature  is  about  180°  C.  This  tem- 
perature is  maintained  until  the  last  traces  of  HCl  are  expelled.  This  is  con- 
firmed by  replacing  the  w-ash  bottle  on  the  left  hand  side  by  another  one  con- 
taining'a  water  solution  of  silver  nitrate  and  nitric  acid.  The  non-appearance 
of  a  white  precipitate  (AgCl)  shows  that  the  HCl  has  been  completely  re- 
moved. The  paraffine  bath  is  then  removed  and  the  flask  is  allowed  to  cool  down 
to  about  80°  C,  which  is  the  melting  point  of  phosphorous  acid;  during  the 
cooling  the  current  of  COo  is  continued.     The  liquid  acid  is  then  poured  into  any 

*The  amount  of  water  to  be  used  in  the  flask  should  be  about  3  gram-molecular  weight  to  one 
gram-molecular  weight  of  phosphorus  trichloride,  or  in  the  ratio  of  54  grams  of  water  to  137.5  grams 
of  phosphorus  trichloride,  as  is  shown  in  the  equation  below.  However,  it  is  best  to  have  the  water  i" 
slight   excess.  ) 

3HoO  +  PCI3    =    3HC1  +  H.»P03  j 
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desired  form  and  allowed  to   solidify,  preferably   in  the   form  of   sticks.      The 
sticks  so  obtained  are  put  into  bottles  provided  with  ground  glass  stoppers. 

The  acid  obtained  by  this  process  is  chiefly  meta-phosphorous  acid  or  de- 
hydrated acid,  HPO2,  the  rest  being  orthophosphorous  acid  or  normal  phos- 
phorous acid,  H3PO3.     Both  of  these  acids  dissolve  readily  in  cold  water. 

PREPARATION    OF   SODIUM    PHOSPHITE. 

In  my  preliminary  paper  attention  is  called  to  the  fact  that  the  commercial 
sodium  phosphite  is  a  mixture  of  NaHaPOg  and  Na^HPOg,  phosphate  and  other 
impurities,  NaH^POa  being  the  chief  constituent.  This  can  be  shown  even  in  a 
qualitative  way,  by  suspending  the  commercial  sodium  phosphite  in 
warm  water  and  adding  a  solution  of  NaHCOg.  A  considerable 
effervescence  of  CO,  indicates  the  presence  of  NaHoPOg,  while  NagHPOg  barely 
reacts  with  sodium  bicarbonate,  as  the  third  or  last  hydrogen  atom  in  the  H3PO3 
is  not  replaced  to  an  appreciable  extent  by  this  method.  It  is,  therefore,  pref- 
erable to  prepare  the  sodium  phosphite  solution  from  the  pure  solid  stick-acid 
and  pure  NaHCOg  whenever  needed.  Pure  NaHCOg  can  be  obtained  from  the 
Solvay  Process  Co.,  Syracuse,  N.  Y.,  through  any  reliable  chemical  concern. 
To  test  for  the  most  common  and  undesirable  impurity,  Na2C03,  some  of  the 
sodium  bicarbonate  may  be  dissolved  in  cold  water  and  a  few  drops  of  a 
solution  of  mercuric  chloride  added;  a  heavy  reddish  yellow  precipitate  indicates 
that  considerable  sodium  carbonate  is  mixed  with  the  sodium  bicarbonate,  while 
a  mere  opalescence  or  even  a  slight  reddish  brown  precipitate  shows  that  the 
sodium  bicarbonate  is  fairly  free  from  sodium  carbonate. 

Starting  with  the  pure  solid  stick  phosphorous  acid  and  pure  solid  sodium 
bicarbonate,  the  following  proportions  by  weight  should  be  used  for  complete 
neutralization:  HPO,  -f  3XaHC03  =  Na-^HPOg  -f  NaHC03  -f-  ZCO.  + 
H.O,  or  in  the  proportion  by  weight  of  1  to  4  of  acid  to  bicarbonate,  and  the  two 
dissolved  in  sufficient  water  to  make  about  a  10  per  cent  solution. 

It  will  be  observed  that  this  proportion  of  acid  to  sodium  bicarbonate  pro- 
vides also  for  the  subsequent  neutralization  of  the  last  hydrogen  atom  after  the 
Na2HP03  has  been  oxidized  to  Na2HP04  in  the  body,  where  the  phosphite  is 
administered  as  an  antidote  for  mercuric  chloride. 

If  the  solution  thus  i)repared  is  to  l)e  used  for  intravenous  injeclions,  il 
must,  of  course,  be  sterilized  by  filtration,  and  not  by  heating,  as  the  sodium 
bicarbonate  decomposes  at  about  47"'  C. 

I  HIIiEIOC.KAIMIV, 

!   ^Linhart.  G.  A.:     New  York  Med.  Jour.,  June  14,  1913. 

I   -Fantus,  Bernard:     Jour.  Lah.  and  Clin.  Med.,  Sept..   1916,   i,  879. 

I  ^Linhart,  G.  A.:     Tour.  .\m.  Chein.  Soc.,   1916,  xx.wiii.   1272. 
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TRAUMATIC  RUPTURE  OF  THE  HEART:   REPORT  OF  A  CASE  WITH 

UNINJURED  CHEST  WALL 


By  Ellis  Kellert,  M.D.,  Albany,  X.  Y. 


SPOXTAXEOUS  rupture  of  the  heart  is  a  not  infrequent  condition,  and  oc- 
curs more  often  than  is  commonly  beHeved.  Sudden  death,  in  many  in- 
stances ascribed  to  other  causes,  is  found  on  postmortem  examination  to  be  due 
to  coronary  obstruction  with  subsequent  infarction  and  rupture  of  a  ventricle,  or 
death  may  be  caused  by  rupture  of  a  fatty  heart. 

A  few  cases  of  cardiac  rupture  due  to  direct  trauma  applied  to  the  chest 
have  been  described  and  in  nearly  all  of  these  cases,  fracture  of  the  sternum 
or  ribs  with  penetrating  wounds  of  the  heart  were  found.  The  case  herein 
reported  is  of  interest  since  it  serves  to  illustrate  that  extensive  trauma  to  the 
heart  may  occur  with  little  or  no  injury  to  the  thorax. 

The  accident  took  place  near  Ballston  Spa.  Mr.  P.  S..  an  Italian,  aged  44  years, 
was  engaged  in  digging  in  a  sand  bank.  His  fellow-workmen,  a  short  distance  removed, 
heard  him  cry  out,  and  on  turning  about,  found  that  the  bank  had  caved  in  and  the 
patient  w^as  surrounded  up  to  the  waist  by  a  large  quantity  of  sand.  He  was  unconscious, 
but  apparently  alive.  When  dug  out,  he  was  dead.  The  above  history  is  exceeding!} 
meager,  but  no   further  information   was   obtainable. 

At  the  autopsy,  which  was  held  eight  days  after  death,  the  following  conditions 
were  found : 

Bender  Hygienic  Laboratory  No.  A-15-26.  The  body,  which  has  been  embalmed,  is 
that  of  a  well  built,  muscular,  white  male  adult.  There  is  no  evidence  of  injury  to  the 
skull.  Over  the  upper  anterior  aspect  of  the  chest,  particularly  on  the  left  side,  are  five 
small  abrasions  measuring  0.5  to  2  cm.  in  diameter.  Below  the  knees  on  both  legs  are 
several  areas  of  abrasion,  the  largest  of  which,  situated  on  the  anterior  surface  of  the 
right  leg,  measures  8x1  cm.  There  is  no  fracture  of  the  bones  of  the  extremities  and  no 
edema  present. 

Peritoneum.. — ^The  peritoneal  cavity  contains  approximately  one  liter  of  bloody  formal- 
ized  fluid.     The  viscera  and  their  position   appear   normal. 

Thor.\x. — Examination  of  sternum  and  ribs  reveals  no  fractures.  Diaphragm:  right, 
6th  interspace;  left,  7th  rib. 

Pleurae  Cavities. — The  right  pleural  cavity  is  entirely  obliterated  by  firm  fibrous 
adhesions.  The  surfaces  in  the  upper  portion  are  hemorrhagic  and  blood  stained.  The 
lung  is  voluminous,  but  crepitant.  Cut  section  is  grayish  in  color  and  dry,  but  somewhat 
firm  in  the  posterior  portion  of  the  low^er  lobe,  which  is  reddish  on  cross  section.  There  , 
is  a  slight  bloody  suffusion  in  the  apical  region.  The  left  pleural  cavity  contains  a  large 
amount  of  fluid  blood  and  blood  clot — approximately  one  liter  of  clot  and  SCO  c.c.  of 
bloody  fluid.  Portions  of  clotted  blood  are  firmly  adherent  to  the  chest  wall  and  dome  i 
of  the  diaphragm.  The  left  lung  is  compressed  into  the  upper  portion  of  the  chest  and  is 
negative  on  examination. 

Pericardiae  Cavity. — On  opening  the  pericardium  there  is   found  a  large  amount  of 
firm    blood    clot,    surrounding   the    heart    and    adherent    to    the    pericardial    surfaces.      The 
lower   left   portion    of   the   pericardial   sac   presents    a    ragged   opening   4   cm.    in    diameter, 
which  is  filled  with   firm   frialile  blood  clot  and  which  communicates   with   the   left  pleural | 
cavity. 

Heart. — It  weighs  370  grams.  It  is  found  to  the  right  of  the  midsternal  line  and  i> 
twisted  slightly  from  left  to  right.  There  is  a  large  amount  of  firm  blood  clot  adherent 
to  the  anterior  and  right  lateral  surfaces.  Near  the  apex,  on  the  right  posterior  surface, 
is  a  ragged  linear  laceration  of  the  heart  wall  measuring  5  cm.  in  length.  The  margins 
are  deeply  blood  stained  and  there  is  free  communication  with  both  ventricles,  the  tear 
extending  across  the  interventricular  septum.  Just  beneath  the  right  auricle  are  tw< 
minute   openings   in   the    fat    and    myocardium.      In    the    left   ventricular    wall    beneath    thi 
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auricular  appendage  is  a  transverse  laceration  in  the  heart  muscle  measuring  2.5  cm.  Near 
the  apex,  situated  mainly  in  the  epicardial  fat,  are  two  circular  communicating  openings 
(embalmer's  needle?).  The  myocardium  is  dull  red  in  color.  The  right  side  of  the 
heart  appears  contracted.  The  wall  measures  7  mm.  in  thickness,  but  appears  very  thin 
near  the  laceration  above  described.  Within  the  cavity  there  is  found  a  small  amount  of 
friable  blood  clot.  The  papillary  muscles  are  greatly  lacerated,  the  surfaces  rough  and 
blood  stained.  The  portion  attached  to  the  chordae  tendinae  is  found  free  in  the  auricle. 
The  tricuspid  valve  appears  negative.  The  endocardium  of  the  right  auricle  above  the 
valve  is  markedly  lacerated.  The  left  ventricular  wall  measures  1.5  cm.  to  2  cm.  in  thick- 
ness. In  the  left  ventricle  there  is  a  very  small  amount  of  friable  blood  clot  present.  The 
papillary  muscles  have  been  torn  from  their  attachments  to  the  cardiac  wall  and  their 
surfaces  are  very  irregular,  blood  stained,  and  appear  lacerated.  The  interventricular 
septum  near  the  apex  is  greatly  lacerated.  The  valve  leaflets  are  intact.  The  aorta  at  its 
origin  is  separated  through  one-half  the  circumference,  the  margins  being  sharp,  as 
though  incised. 


Kig.   1. — Heart,  showing  transverse  rupture  near   apex. 

Gastrointestinai,   Tract. — No  injury  or  hemorrhage   is    found. 

Liver  and  P.\ncreas. — Appear  normal. 

Spleen. — It  is  enlarged  and  somewhat  soft.  The  capsule  is  everywhere  adherent  to 
the  peritoneal  surfaces.  Cut  section  is  bright  red  in  color.  Surface  scrapings  are  mod- 
erate.    At  the  hilus  is  found  a  small  spherical  mass  of  splenic  tissue. 

Kidneys. — They  are  normal  in  size  and  weight,  and  are  surrounded  by  a  nKHlcrate 
amount  of  perinephritic  fat.  The  capsule  strips  readily,  exposing  a  markedly  injected 
surface.  Cut  section  is  reddish-brown  in  color  and  the  papilla  are  congested.  Bloody 
fluid  escapes.  In  the  outer  portion  of  the  cortex  of  the  left  kidney  is  a  minute  opening 
about  which  is   fragmented  kidney  sul)stance  and    from   which  blood  escapes. 

Adrenal  Glands. — They  are  normal. 

Bladdp:r. — It  is  normal. 

Histology. — 

Heart. — 'Slight  amount  of  fatty  infiltration  of  the  right  ventricular  wall.  Increased 
amount  of  pigment  about   tlie  ntuiii,   which   vary  greatly  in   size  and   have  blinit   ends.      .\n 
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occasional  area  of  fibrosis  is  present  and  a  rare  focal  accumulation  of  lymphoc\tes,  endo- 
thelial cells   and  polynuclear  leucocytes.     Vacuolation   is   present   in   the   muscle   fibers. 

Lung. — The  vessels  are  distended  and  filled  with  blood.  The  capillaries  in  the  al- 
veolar walls  are  also  dilated  and  filled  with  blood.  Many  red  blood  cells  are  found  free 
in   the   alveoli. 

Spleen. — The  Malpighian  corpuscles  are  small.  There  is  a  marked  endothelial  hyper- 
plasia,  and  numerous   eosinophils   are   present. 

Kidney. — Vessels  prominent  and  filled  with  blood.  Tubules  negative.  Glomerular 
tufts  voluminous,  and  many  are  distended  with  blood.  A  small  area  in  the  capsule  and 
adjacent  cortex  is  suffused  with  blood. 

Aorta. — Slight   sclerosis   and   a   few   small   areas   of   calcification   in   the   media. 

Head. — The  brain  was  not  examined. 

Anatomical  Diagnosis. — Multiple  ruptures  of  the  heart;  hemopericardium ;  rupture 
of  the  pericardium;  hemorrhagic  effusion  of  the  left  pleural  cavity;  subpleural  hemorrhage; 
chronic  pleuritis ;  chronic  interstitial  myocarditis ;  acute  congestion  of  lungs  and  kidneys ; 
small  rupture  of  the  left  kidney;  chronic  peritonitis;  chronic  splenitis  and  perisplenitis; 
accessory   spleen ;   superficial   abrasions. 


Fig.    2. — Heart,   left   ventricle.      Note   torn   paiiillary    muscle. 


In  the  many  cases  of  traumatic  heart  rvtpture  ah-eady  reported,  severe  injurv 
to  the  chest  wall  has  been  the  rule.  A  few  CNceptions  are  worthy  of  brief 
mention. 

Dufour^  reports  the  case  of  a  girl  thirteen  years  of  age  who  underwent  severe 
compression  by  a  man  and  in  addition  presented  stab  wounds  about  the  neck.  A 
ru])ture  of  the  right  auricle  was  found,  but  no  wound  of  the  chest  wall  or  peri- 
cardium. 

AlcOscar  and  Voelcker-  describe  the  case  of  a  man  who  was  run  over  by  an 
empty  wagon  and  died  eight  days  later.  At  the  necropsy  there  was  found  a  trans- 
verse rupture  of  the  ventricvilar  septum  one  inch  in  length.  No  fractures  of  the 
ribs  or  sternum,  and  no  lacerations  of  the  abdominal  viscera  were  present. 


TRAUMATIC    RUPTURE   OF    THE    HEART 


729 


O'Neil''  gives  the  avitopsy  findings  in  a  boy  aged  nine  years  who  was  knocked 
down  and  jumped  upon  by  other  boys.  He  walked  home,  but  died  at  the  end  of 
eight  days.  At  the  necroi)sy  there  was  found  a  hemopericardium  and  a  small 
rupture  at  the  auriculoventricular  junction  of  the  left  heart.  All  other  organs 
were  negative  and  since  no.  mention  is  made  of  wounded  chest  or  fractured  ribs, 
it  is  assumed  that  none  were  present. 

Kugel*  described  the  case  of  a  man  forty-four  years  of  age  working  in  a  cot- 
ton-spinning mill.  He  was  killed  by  one  of  the  heavy  balls  falling  upon  his  chest 
and  died  forty-two  hours  later.  At  the  autopsy  there  was  found  a  hemopericar- 
dium and  a  sharp  tear  in  the  right  ventricle.  The  heart  was  enlarged  and  fatty 
masses  were  present  on  the  surface  of  both  ventricles.  There  were  no  fractures 
or  changes  in  the  other  organs. 

Copeland"'  cites  a  case  of  ruptured  aorta,  occurring  under  circumstances  simi- 


Fig.  ,3.  —  Heart,   riKlit  ventricle,  showing  rupturc<i   i  ;i|iill.ny   nuiM-U-. 

lar  to  the  one  here  reported.  His  patient,  a  laborer  aged  fort}'  \ears,  was  struck 
by  falling  earth  but  only  the  legs  were  covered.  There  was  found  a  rupture  of 
the  descending  aorta  into  the  left  i)leural  cavity  which  contained  thirty-eight 
ounces  of  blood.    He  suggests  a  force  acting  in  cont recoup. 

Robertson*"'  reports  a  man  of  forty-nine  falling  from  a  railway  carriage  and 
striking  the  ground  with  his  left  shf)uldcr.  He  died  in  forty-fi\e  minutes.  At 
the  autopsy  the  pericardium  was  fonnd  intact,  but  a  rent  oiir  ami  mu'  fourth 
inches  long  existed  in  front  of  llie  left  auricle,  'riiei-e  was  no  wound  of  the  ciiest. 
Of  course  one  must  in  this  case  consider  the  possibilitx  of  the  lupturc  ha\ing  oc- 
curred just  prior  to  the  fall  although  the  situation  in  the  auricle  i>  \ery  unusual 
for  spontaneous  rupture  of  the  heart. 
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Gibbons"  relates  the  following  history.  A  coolie  was  struck  over  the  chest 
as  well  as  elsewhere  with  a  bamboo  stick.  He  fell  to  the  ground  and  vomited, 
dying  three  hours  later.  A  livid  scratch  over  the  right  side  of  the  chest  was 
found  but  no  penetrating  wound.  The  heart  showed  a  rupture  at  the  apex, 
communicating  with  the  right  ventricle.  The  musculature  at  the  point  of  rupture 
appeared  very  thin  but  no  mention  of  aneurism  is  made. 

The  case  of  a  man  kicked  on  the  chest  by  a  horse  is  recorded  by  Hutchinson.* 
A  hematoma  precordia  was  produced,  but  the  skin  remained  unbroken.  The 
patient  died  fourteen  hours  later.  There  was  a  rupture  at  the  apex  of  the  right 
ventricle  and  the  pericardium  presented  a  tear  anteriorly. 

Groom^  reports  a  lad  sixteen  years  of  age,  was  caught  between  the  shaft  of 
a  pony  cart  and  a  wooden  railing.  Death  occurred  a  month  later  and  there  was 
found  a  rupture  in  the  posterior  portion  of  the  left  ventricular  wall  one  inch 
in  length.    A  cardiac  aneurism  had  developed  at  this  point  which  later  burst. 

Peacock^''  relates  the  case  of  an  athlete  aged  25,  who  after  a  wrestling  match 
became  intoxicated  and  in  a  quarrel  received  a  blow  in  the  epigastrium  from  a 
clenched  fist.  He  became  unconscious  and  died  in  forty  minutes.  The  autopsy 
disclosed  a  rupture  of  the  right  ventricle  three  and  one-half  inches  in  length, 
extending  from  the  base  to  the  apex.  The  valves  were  normal  and  no  atheroma 
was  present. 

There  are  two  possibilities  in  explanation  of  the  lesion  in  the  present  instance. 
First,  that  the  weight  of  the  falling  earth,  which  being  soft  and  adaptable,  caused 
equal  pressure  over  the  chest  resulting  in  great  compression  and  bursting  of  the 
heart,  very  much  as  though  a  rubber  bag  distended  with  fluid  were  compressed 
at  its  middle.  To  obtain  such  an  effect  without  fracture  of  the  sternum  or  ribs 
seems  very  unlikely.  The  second  and  more  probable  explanation  is  that  of  hy- 
draulic pressure.  The  large  quantity  of  sandy  soil  exerted  such  great  pressure 
over  the  lower  half  of  the  body  as  to  drive  most  of  the  blood  out  of  the  vessels. 
This  produced  sudden  over-distention  of  the  heart,  which  was  probably  dilated 
as  a  result  of  physical  exertion,  with  consequent  rupture  at  several  points.  That 
the  force  was  a  great  one  is  indicated  by  the  ruptured  pericardium  and  hemor- 
rhages in  the  lung.  The  pathologic  changes  in  the  heart,  though  not  very  marked, 
imdoubtedly  contributed  to  the  severity  of  the  injury. 
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ACUTE  TUBERCULOUS   PARIETAL   ENDOCARDITIS* 


By  John  R.  vStark,  M.D.,  Cincinnati,  Ohio. 


CARDL\C  tuberculosis  is  not  particularly  uncommon.  It  appears  in  the  form 
of  myocardial,  epicardial,  valvular  and  mural  infections.  The  myocardial 
disease  may  be  of  hematogenic  origin  when  it  is  limited  to  that  tissue  or  it  may  be 
the  result  of  extension  from  epicardium  or  endocardium.  Usually  it  is  of  epi- 
cardial origin.  Epicardial  tuberculosis  is  more  frequent,  so  frequent,  indeed,  as  to 
need  no  comment.  Endocardial  tuberculous  lesions  in  the  pure  form  are  by  far 
the  most  infrequent  tuberculous  cardiac  lesion,  and  have  been  the  subject  of  much 
study.  In  the  less  pure  forms  of  endocardial  involvement  the  evidence  is  that  the 
bacilli  reach  the  endocardium  by  way  of  the  myocardial  and  subendocardial  blood 
vessels,  and  therefore,  as  a  rule,  the  myocardium  is  also  involved.  In  the  pure 
forms  the  infection  must  occur  from  bacilli  present  in  the  main  blood  stream 
which  are  able  to  become  attached  to  the  endothelial  cells  of  the  endocardium. 

If  so  many  tuberculous  lesions  are  hematogenic  in  origin  it  must  be  true 
that  tuberculous  septicemia  is  not  particularly  uncommon;  and  if  that  be  true, 
then  the  opportunities  for  endocardial  infection  must  be  numerous.  It  is  per- 
haps the  rapidity  of  the  blood  in  the  large  open  spaces  of  the  heart  that  prevents 
lodgment  of  the  bacteria,  and  it  is  the  same  factor,  plus  perhaps  the  presence 
of  but  small  numbers  of  bacilli  in  the  blood,  that  accounts  for  the  rarity  of  pure 
parietal  tuberculous  endocarditis.  In  Marshall's^  series  of  cases  the  tuber- 
culous process  seems  to  have  appeared  invariably  beneath  the  endocardium,  ir- 
respective of  the  localization  in  the  valves  or  in  the  mural  endocardium. 

Since  Corvisart-  reported  his  case  of  tuberculous  pericarditis,  and  suggested 
the  occurrence  of  tuberculous  endocarditis,  considerable  study  has  attached  to 
these  lesions.  The  major  amount  of  these  various  contributions  has  been  re- 
viewed by  Norris^  who  credits  Corvisart  with  an  account  of  mitral  valvular 
tuberculosis.  But  so  far  as  I  can  discover,  Corvisart's  case  was  one  of  pul- 
monary tuberculosis  complicated  with  vegetative  mitral  endocarditis,  for,  to  use 
his  own  words  (in  translation),  "the  mitral  valves  and  semilunar  of  the  aorta 
were  covered  with  vegetations  exactly  like  venereal  warts  observed  upon  the 
glans  and  prepuce  of  persons  affected  with  syphilis"  (pages  180-181).  But 
Corvisart  does  describe  a  case  of  tuberculous  pericarditis,  and  he  does  it  very 
definitely. 

In  the  entire  published  series  of  cases  of  cardiac  tuberculosis  there  ai>i)ear, 
so  far  as  I  can  discover,  but  two  in  which  the  lesion  was  definitely  in  the 
endocardium, — those  of  Schultze*  and  Rheinhard.^  Only  in  the  report  of 
Rheinhard,  however,  are  there  definite  i)ict()rial  descriptions  of  the  lesions. 
Benda,'''  in  discussing  subendocardial  or  myocardial  tubercles  and  in  differen- 
tiating between  true  endocardial  lesions,  laid  down  the  rule  that  the  structure 
of  the  internal  elastic  lamella,  would  serve  as  the  best  criterion.  If  this  were 
damaged,  the  evidence  led  in  the  direction  of  a  primary  subendocardial   lesion. 

•From  the  Mary  M.  ICniery  Department  of  Pathology  of  tlie  I'liiversity  of  Cincinnati,  and  the 
I'athologic    Institnte    of    tlie    Cincinnati    General    Hospital. 
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While  I  do  not  agree  completely  with  the  rule  of  Benda,  the  case  which  is  to 
be  reported  conforms  to  it  and,  therefore,  appears  to  be  the  third  authentic  case 
of  primary  acute  parietal  or  mural  tuberculous  endocarditis  to  be  recorded. 


>fe-W: 


r'^gr.: 


-^^ 


Fig.  L— The  entire  tuberculous  nodule  with  caseating  center  and  intact  endothelium,  except  at  one 
point,  situated  withm  the  endocardium.  It  shows  the  typical  base  consisting  of  epithelioid  and  round  cells 
with  fairly  numerous  typical   giant  cells.     The   endothelial  lesion   is  probably   an   artifact 


.^' 


•   *         ^'^A,  2.— A   resorcin-fuchsin   specimen   to   show   that   the   caseating   mass   is   entirely   above   the   elastics 
interna.     There  is  very  slight  evidence  of  subendocardial  reaction  visible  at  only  one  point  in  the  myocardium. 
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CLINICAL    NOTES. 

The  patient,  J.  M.,  Hospital  Xo.  A-7524,  was  admitted  into  the  Cincinnati  General 
Hospital   on   the   Orthopedic   Service,   on    November   11,    1916,   and   died   March   23,    1917. 

Unfortunately  in  the  hospital  records  there  w^as  no  history  of  the  past  illnesses  or 
present  condition  of  the  patient  who  w"as  a  negro  porter  aged  32  years.  The  record  con- 
sisted of  daily  notes  as  to  the  clinical  condition  of  the  patient,  operative  procedures,  x-ray 
reports,  and  urinalyses.  The  important  features  gleaned  from  these  meager  notes  are 
that  an  x-ray  examination  taken  a  few  days  after  admission  on  November  14,  "showed 
gross  destruction  of  the  body  of  the  first  lumbar  vertebra  and  also  some  changes  in  the 
body  of  the  twelfth  dorsal."  On  this  same  day  the  patient  was  operated  and  two  large 
abscess  cavities  located  somewhere  along  the  spine  were  opened  and  drained.  He  grad- 
ually improved  from  this  time  on  and  January  11,  1917,  a  cast  was  applied  and  he  was 
allowed  up  in  a  chair  for  a  short  time.  A  urinalysis  on  January  31  showed  a  cloudy, 
amber,  alkaline  urine  with  a  specific  gravity  of  1012,  albumen  positive,  and  microscopically 
many  pus  cells,  hyaline  and  granular  casts  but  no  blood.  The  next  clinical  note  recorded 
about  two  months  later,  the  day  of  death,  states  :  "The  patient  has  been  gradually  grow- 
ing weaker.  Tuberculous  meningitis  set  in  3/18/17.  The  patient  became  violent,  then 
went  into  coma  3/22/17,  and  died  3/23/17  at  9:10  a.m." 

Clinical  Diagnosis. — Dorsal  and  lumbar   Potts;   tuberculous  meningitis. 

With  this  we  must  be  content. 

AUTOPSY    PROTOCOL. 

The  body  was  that  of  a  greatly  emaciated  colored  man  of  about  35  years  of  age. 
The  body  was  still  warm  and  postmortem  rigidity  had  not  yet  set  in.  The  muscles  of  the 
right  arm  were  more  atrophic  than  those  of  the  left.  There  was  no  noticeable  difference 
in  the  muscles  of  the  legs.  On  the  back,  over  the  11th  and  12th  thoracic  and  first  two 
lumbar  vertebrae,  there  was  a  superficial  abrasion,  and  in  the  region  of  the  12th  vertebra 
there  was  a  gibbus.  The  gibbus,  however,  was  also  made  up  of  the  11th  and  12th  and  the 
1st  and  2nd  vertebrae.  Below  over  the  sacrum,  there  was  a  strip  of  adhesive  tape  covering 
a  small  sinus  from  which  there  oozed  a  quantity  of  thick  yellowish  pus.  To  the  left 
of  the  spine,  beneath  the  12th  rib  there  was  a  larger  sinus  from  which  a  similar  purulent 
material  poured  out.  The  pupils  were  equal  and  slightly  dilated.  The  teeth  were  in 
fair  condition  and  there  was  only  a  moderate  pyorrhea.  There  w^as  marked  anemia  of 
all  the  mucous  membranes.  At  the  base  of  the  neck  there  was  a  svTnmetrical  swelling  as 
from  a  goitrous  enlargement.  There  was  no  peripheral  glandular  enlargement  except 
for  a  few  small  pea-sized  inguinal  glands.  The  musculature  over  the  chest  and  abdomen 
was  greatly  diminished ;  there  was  no  subcutaneous   fat. 

When  the  sternum  was  removed,  the  lungs  partially  collapsed.  There  were  no  pleural 
adhesions  nor  any  fluid  in  the  pleural  cavities.  There  was  about  25  c.c.  of  clear  straw- 
colored  fluid  in  the  pericardial  cavity.  The  lungs  upon  removal,  crepitated  throughout. 
The  apices  were  not  scarred  and  there  were  not  even  interlobar  adhesions.  On  section,  tlie 
lungs  were  perfectly  healthy  throughout. 

The  heart  was  slightly  enlarged  and  extremely  pale.  The  left  side  was  rather  firmly 
contracted  while  the  entire  right  side  was  very'  flabby  and  dilated.  There  was  no  valvular 
abnormality  throughout.  The  aorta  was  perfectly  clean.  Just  beneath  the  endocardium  of 
the  left  ventricle  about  3  cm.  from  the  apex  on  top  of  a  columnus  carnca  there  was  a 
somewhat  whitish,  slightly  firm,  raised  nodule  about  2  mm.  in  diameter  which  on  section 
appeared  homogeneous  and  was  perhaps  a  tubercle.  The  myocardium  itself  was  pale 
and  presented  a  few  areas  of  fibrous  bands.  These  were  particularly  marked  in  the  tips 
of  the  papillary  muscles. 

Upon  opening  the  abdomen  tiiere  was  no  excess  of  fluid.  The  peritoneum  was 
shiny  throughout  and  the  omentum  lay  curled  up  over  the  transverse  colon.  The  in- 
testines were  thin  and  shrunken,  the  appendix  was  in  situ  and  free  from  adhesions,  l^i^on 
removal,  the  entire  gastrointestinal  tnict  was  healthy  except  for  one  small  ulcerating  tuber- 
culous mass  about   1   cm.   in   size,   in  the  ascending  colon   just   al)ove  tiie  cecum. 

The  spleen  was  enlarged.  The  capsule  was  smootii  and  sliiny,  but  i)eneath  it  tliere 
could  be  seen  numerous  large  and  small  whitish  areas.  On  section,  the  spleen  showed 
numerous  miliary  and  conglomerate  tubercles,  the  largest  not  over  3  mm.  in  size.  The 
parenchyma  of  this  organ,  except  for  this,  showed  no  cliangc.  The  liver  was  pale  and 
beneath  its  capsule  could  also  be  seen  a  few  miliarx  tubercles.  The  organ  cut  with  in- 
creased   diftncultx    and    tiirDUghout    it    were    seen    occasional    mili.iry    tubercles.      The    org^in 
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itself  was  extremely  pale  and  cloudy,  but  its  consistency  was  generally  increased,  yet 
showed  no  gross  evidence  of  fibrous  tissue.  The  gall  bladder  was  free  from  adhesions 
and  contained  a  dark  clear  bile.  The  right  kidney  was  enlarged,  and  of  a  pale  red  color. 
It  cut  with  increased  resistance  and  showed  numerous  conglomerate  tubercles,  none  measur- 
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Fig.  3. — A  larger  magnification  of  the  base  showing  two  typical  giant  cells  with  numerous  round  and 

epithelioid  cells. 


Fig.  4.-^A  typical  acid-fast  bacillus  of  the  slightly  curved  type  lying  in  the  richly  cellular  area.  These 
bacilli_  were  quite  numerous  but  were  seldom  found  lying  parallel  with  the  plane  of  section,  hence  the  hazy, 
indistinct  outline  in  the  photomicrograph.  They  were  usually  curved  and  irregular  and  possibly  were  of  the 
branching  type,   as   described   by   Woolley'   in   "acute   tuberculous   endaortitis." 
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ing  more  than  3  mm.  in  size.  The  cortex  was  thickened,  not  well  marked  off  from  the 
medulla,  and  had  a  pale  pinkish  color.  There  was  no  evidence  of  Malpighian  corpuscles. 
The  capsule  stripped  easily,  leaving  a  smooth  surface.  The  stellate  veins  were  not  in- 
jected. The  right  ureter  was  distended  to  about  the  size  of  a  pencil  to  its  entrance  in 
the  bladder.  The  pelvis  was  apparently  he-althy.  The  left  kidney  was  tremendously  en- 
larged. It  was  adherent  to  the  psoas  muscle  behind  and  was  removed  wath  great  difficulty. 
In  removing  it  the  kidney  substance  was  torn  and  a  considerable  amount  of  watery  yel- 
lowish pus  was  expressed  from  an  opening  on  the  posterior  surface  of  the  organ  which 
extended  into  the  psoas  muscle.  The  kidney  itself  showed  a  very  thin  cortex  in  which 
were  numerous  miliary  and  conglomerate  tubercles.  The  entire  medulla  and  pelvis  were 
replaced  by  a  large  tuberculous  abscess  cavity  which  was  somewhat  cauliflower  in  shape 
and  extended  throughout  the  kidney  The  left  ureter  was  obliterated  by  a  firm  white 
glistening  columnar  mass  of  tuberculous  tissue  about  lyi  cm.  in  diameter,  which  ex- 
tended from  the  pelvis  to  the  bladder.  No  lumen  was  discernible.  The  bladder  was  dis- 
tended to  about  two  inches  above  the  pubis,  and  was  filled  with  a  very  cloudy  turbid  amber- 


Fig.    5. — A  straight   beaded   acid-fast    liaeillus   in    tlie   endocardial    tubercle. 


colored  urine.  Many  ilocculcnt  white  masses  floating  in  tlie  urine  CDUtaincd  calcium  salts. 
The  mucosa  was  of  a  pale  white  color  and  was  covered  l)y  these  flocculcnt  masses.  The 
bladder  wall  showed  numerous  miliary  tubercles,  but  no  ulceration.  At  the  opening  of 
the  prostatic  urethra,  the  entire  mucosa  was  ulcerated  Tind  covered  with  tuberculous  granu- 
lations. The  prostate  was  small  and  apparently  healthy,  .\ftcr  removal  of  all  the  ab- 
dominal viscera,  it  was  seen  tiiat  the  body  of  the  12tli  dorsal  vertebni  was  eroded  and 
softened  on  the  left  side  and  in  the  region  of  the  pedicle  the  bone  was  completely  eroded 
and  destroyed  so  that  the  finger  could  be  introduced   into  the  spinal  canal. 

Permission  was  not  obtained  to  open  the  calvarium  or  explore  the  spinal  canal  fur- 
ther. The  lyinph  nodes  along  the  course  of  tlie  ahdoininal  aorta,  more  particularly  upon 
the  left  side,  and  extending  down  into  the  |>cl\i>  alon-  tin-  iliac  vessels,  were  greatly  en- 
larged, firm,  and,  upon  section,  appeared  t(/  be  (.iinipltudy  replaced  by  tuberculous  ma- 
terial. The  thyroid  was  enlarged,  the  right  Inhr  sli^htlN  more  so  than  the  left.  It  cut 
with  rather  increased  resistance  and  was  c.\tremel\  pale.  In  the  upper  i)ole  of  the 
right  lobe  there  was  a  small,  white,  fine  stellate  area  i)ossih!>  tuberculous,  but  appearing 
more  like  a  mass  of  fibrous  tissue.     There  wen-  no  cvsts. 
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Anatomic  Diagnosis.— Chronic  tuberculous  spondylitis;  psoas  abscess;  chronic  tuber- 
culous nephritis ;  chronic  tuberculosis  of  the  retroperitoneal  glands ;  metastatic  tubercles 
of  the  liver,  spleen,  right  kidney,  adrenals  and  possibly  the  myocardium;  tuberculous 
colitis;  chronic  tuberculous  cystitis  and  ureteritis;  amyloidosis  of  the  liver  and  kidney; 
cardiac  dilatation ;  myocardial  fibrosis  ;  hypertrophied  thyroid. 

Realizing  at  the  time  of  autopsy  the  great  infrequency  of  endocardial 
tuberculosis,  and  not  appreciating  in  the  gross  specimen  that  the  tubercle  was 
entirely  in  the  endocardium,  the  anatomical  diagnosis  and  necropsy  report  were 
first  conjectured,  but  later  proved  by  microscopical  sections. 

Although  this  case,  at  first  glance,  might  be  considered  one  of  generalized 
miliary  tuberculosis,  yet  it  presents  many  interesting  features.  The  entire  ab- 
sence of  any  pulmonary  or  peritoneal  involvement  is  truly  unusual.  The  kid- 
nev  lesion  was  evidently  one  of  extension  from  the  tuberculous  spondylitis. 
Involvement  of  spleen  and  liver  were  minimal. 

The  accepted  theory  of  acute  generalized  miliary  tuberculosis  is  that  a 
tuberculous  focus  adjoining  some  blood  vessel  erodes  the  vessel  wall 
and  the  bacteria  are  disseminated  throughout  the  body.  In  this  case 
we  have  another  source  for  the  scattering  of  the  bacilli.  Had  the  patient  lived 
longer  an  ulcerated  area  might  have  been  met  with  together  with  a  greater  in- 
volvement of  the  abdominal  organs.  However,  since  tubercle  bacilli  are  ac- 
credited with  the  power  of  traversing  intact  intestinal  mucous  membrane,  it 
seems  entirely  possible  that  the  existing  foci  might  have  been  due,  in  part  at 
least,  to  the  passage  of  the  bacteria  from  the  caseating  mass  through  the  intact 
endothelium. 

There  are  perhaps  forty  cases  of  tuberculous  endocarditis  described,  and 
only  three  of  true  tuberculous  parietal  endocarditis.  This  same  relation  be- 
tween vegetative  and  mural  endocarditis  of  other  bacterial  origin  is  met  with. 
This  fact  is  very  suggestive  of  the  infrequency  of  implantation  endocarditis  as 
compared  with  the  more  accepted  embolic  theory. 

CONCLUSIONS. 

1.  This  is  the  third  recorded  case  of  tuberculosis  of  the  parietal  endo- 
cardium. 

2.  Here  is  definite  evidence  of  the  implantation  theory  of  endocarditis, 
however  infrequent. 

In  conclusion,  I  wish  to  thank  most  sincerely  Dr.  P.  G.  Woolley,  Director 
of  the  Pathologic  Institute  of  the  Cincinnati  General  Hospital,  for  his  kindness 
and  encouragement  in  the  above,  and  Mr.  O.  Haude,  for  his  energy  and  skill  in 
procuring  these  most  excellent  sections  and  photomicrographs. 
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LABORATORY  METHODS 


DESCRIPTION   OF  AND  PLANS   FOR  THE  INSTALLATION  OF  A 
BLAST  AND  VACUUM  PUMP* 


By  Wm.  H.  Welker,  Chicago,  III. 


INTRODUCTION. 


THE  form  of  installation  applied  to  the  blast  and  vacuum  apparatus  in  this 
laboratory  has  frequently  been  the  subject  of  favorable  comment  on  the  part 
of  visitors.  A  number  of  requests  have  been  received  for  scale  drawings  and  a 
general  description  of  the  installation.  It  seemed  probable,  therefore,  that  the 
publication  of  a  description  accompanied  by  working  drawings,  might  be  of 
benefit  to  the  workers  in  laboratories  not  supplied  with  blast  and  suction  from  a 
central  plant. 

The  machine  used  is  the  Crowell  Rotary  Blast  and  Vacuum  Pump,  cata- 
logued by  most  of  the  apparatus  supply  houses.  The  installation  described,  is  the 
result  of  six  years  of  experimentation  with  this  form  of  machine.  The  advan- 
tages of  this  type  are  as  follows :  Its  original  cost  is  comparatively  low  ;  the 
operating  and  maintenance  costs  are  low ;  it  is  noiseless  in  operation ;  it  is  pos- 
sible to  secure  pressure  up  to  40  pounds  per  square  inch  and  vacuum  down  to 
29  inches  of  mercury  ;  and  blast  and  suction  within  certain  limits  are  obtainable 
simultaneouslv. 


•ig.   \. — Photograpli   of  the  installation   in   tlic   Lal>oratory   of   I'hysiologicnl    Clieinisliy,    I'olli'KC   of   Mciliiiiu-, 
Univcisity    of    Illinois. 

*Froin    the    Laboratory    of    Physiological    Chemistry,    College    of    Medicine,    I'niversity    of    Illinois. 
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USES. 

In  this  laboratory,  the  apparatus  is  used  for  running  blast  lamps,  stirring 
solutions,  handling  liquids,  drying  by  air  current,  artificial  respiration  (with  inter- 
rupter interposed,)  vacuum  distillation,  aeration,  and  suction  filtration.  The 
liquids  that  are  handled  by  compressed  air  include  a  strong  solution  of  alkali 
for  the  Kjeldahl  distillation  work.  The  arrangement  consists  of  a  delivery  tube 
uhich  runs  to  the  bottom  of  the  bottle  serving  as  container  for  the  solution.  A 
"T"  tube  serves  to  connect  the  pressure  line  with  the  container,  the  third  opening 
being  closed  with  the  finger  when  it  is  desired  to  transfer  liquid  from  the  con- 
tainer to  another  vessel.     Special  mention  is  made  of  this  point  because  con- 


Fig.  2. — The  plan  of  interior  construction  of  the  Crowell  Rotary  Blast  and   X'acuum   Punlp. 
(Courtesy  of  Thei'Crowell  Mfg.   Co.)  '      \ 

siderable  effort  has  been  given  by  laboratory  workers,  to  the  construction  of 
special  apparatus  for  the  handling  of  this  solution. 


INSTALLATION. 

One  of  the  first  difficulties  encountered  in  the  installation  of  this  machine 
originated  in  the  fact  that  the  smaller  alternating  current  motors  obtainable  on  the 
market  are  built  to  give  a  speed  of  1800  R.P.M.  The  smallest  pulley  that  manu- 
facturers recommend  for  this  motor  is  2^^  inches  in  diameter.  This  necessitates 
a  9  inch  pulley  on  the  machine  to  give  it  the  operating  speed  suggested  by  its 
manufacturer.  The  9  inch  pulley  dips  below  the  level  of  the  frame  of  the 
machine  and  an  idler  had  to  be  placed  under  the  belt  to  prevent  it  from  scraping 
on  the  latter.     This  idler  caused  considerable  trouble  and  was  noisv.     The  diffi- 
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Fig.    3. 


>™e  of  ,„e  opera.io,'  nf'ei     To    ,:':::  ,:^  '''  "T  °'"''''""-     '"'=  ■^"-  '^ 
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By  closing  the  respective  stopcock  on  the  Hne  from  the  machine  to  the 
tank,  compressed  air  or  vacuum  may  be  stored  so  that  it  can  be  used  after  the 
pump  has  been  stopped.  This  method  is  especially  well  adapted  for  the  vacuum 
filtration  of  difficultly  filterable  solutions. 

In  the  vacuum  distillation  of  ether,  alcohol,  and  liquids  of  similar  character, 
explosive  mixtures  will  be  carried  into  the  pressure  tank.  To  prevent  this,  a 
crossover  with  stopcock  has  been  placed  between  the  line  from  the  machine  to  the 
pressure  tank  and  the  line  to  the  outside  of  the  building.     By  opening  this  stop- 
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cock  and  closing  the  stopcock  in  the  line  leading  to  the  tank  and  also  the  stopcock 
"D,"  the  mixture  of  explosive  gases  is  conducted  directly  to  the  outside  of  the 
building. 

I  am  indebted  to  Mr.  Tracy,  formerly  of  this  staff,  for  assistance  in  some  of 
the  experimental  work  on  the  installation.  I  am  indebted  also  to  Professor 
White,  supervising  architect  of  the  University,  for  the  preparation  of  the  scale 
drawings,  and  for  the  suggestion  of  the  vertical  form  of  installation.  Where 
floor  space  is  limited,  this  plan  of  installation  would  be  preferable  to  the  hori- 
zontal one. 
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EDITORIALS 


Dried  Tetanus  Antitoxin 

SOME  month.s  ago  the  Committee  on  Medicine  and  Hygiene  of  the  National 
Research  Council  took  up  this  subject,  having  learned  that  such  a  prepara- 
tion was  being  used  in  the  German  army.  It  turns  out  that  Robertson,  of  the 
University  of  Minnesota,  was  at  work  with  Aschoff  in  I'reibcrg,  Germany,  on 
the  prei^aration  of  dried  tetanus  antitijxin  during  the  first  }ear  of  the  war. 
Robertson  writes  as  follows : 

"I  may  state  that  we  felt  that  the  results  of  our  experiments  would  justify 
us  in  trying  to  produce  a  first-aid  method  of  administering  tetanus  antitoxin  by 
drying  it  on  ])ieces  of  gauze  or  cotton  and  carr\ing  it  in  this  dried  condition  in 
the  first-aid  ])ackage.  It  was  found  that  if  these  dried  pads  were  placed  on 
wounds  they  gave  i)rotection  to  animals  whicli  had  recci\ed  from  two  to  five 
times  the  minimum  lethal  dose  of  tetanus  toxin.  During  the  i)ast  two  years  I 
have  been  working  in  my  spare  time  on  the  dose  of  antitoxin  necessary  for 
prophylactic  i)urposes.  While  my  experimentations  are  mdI  iinishcil,  ihey  point 
to  the  possibility  f)f  considerable  reduction  in  dosage  with  full  and  adecpiate 
amount  of  defense  ])rovide(l.     'i'he  short  time   that    tlu'  antitoxin   immunization 
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persists  renders,  in  a  great  many  cases,  a  second  dose  necessary  in  any  event, 
and  the  smaller  doses  seem  to  be  fully  as  sufficient  as  larger  ones." 

It  is  not  supposed  that  the  dried  antitoxin  will  do  away  wuth  the  necessity 
of  antitoxin  injections.  A  bit  of  the  cotton  containing  the  dried  antitoxin  is 
moistened  with  a  sterile  water  or  salt  solution  and  applied  to  the  wound  in  the 
first-aid  dressing.    Then,  as  soon  as  possible,  the  antitoxin  injection  is  given. 

—F.  c.  r. 


Blood  Alkalinity  and  Cancer 

ANY  procedure  which  will  make  possible  the  more  certain  diagnosis  of  cancer, 
is  valuable.  There  are  times  when  a  cancer  is  suspected  in  a  patient  at  a 
period  during  which  operative  procedures  might  be  carried  out  with  success,  and 
yet  in  such  patients  there  is  a  reasonable  doubt  which  leads  to  a  diagnosis  of  some 
less  serious  condition  which  is  not  to  be  treated  radically. 

Menten^  in  a  study  of  blood  alkalinity  (i.e.,  the  hydrogen-ion  concentration) 
has  reached  the  general  conclusion  that  while  the  alkalinity  of  the  blood  serum 
may  be  increased  or  diminished  in  various  diseases,  yet  almost  without  exception 
the  cases  of  malignant  disease,  that  is,  cases  of  cancer  of  the  skin  and  internal 
organs,  and  of  sarcoma,  show  a  characteristic  change  in  the  reaction  of  the  blood 
serum.  This  change  consists  in  a  marked  increase  in  the  alkalinity  of  the  serum. 
In  contrast  to  these  findings  are  the  results  obtained  in  cases  of  tuberculosis,  rheu- 
matism, pemphigus,  nephritis  and  heart  lesions  accompanied  by  dyspnea  in  all  of 
which  the  acidity  of  the  serum  is  increased.  The  increase  in  alkalinity  of  the 
serum  in  malignancy  is  so  constant  and  of  so  marked  a  character  when  the 
growth  occurs  in  the  internal  organs  that  it  is  believed  that  it  may  furnish  an 
additional  diagnostic  aid  of  value,  particularly,   in   early  stages. 

Menten  used  the  gas  chain  method  in  determining  the  hydrogen-ion  con- 
centration of  the  blood,  a  method  which  is  not  usable  by  the  ordinary  labora- 
tory man  or  by  the  clinician  who  makes  his  own  determinations,  but  it  is  en- 
tirely possible  that  one  of  the  simpler  methods  in  vogue  may  be  of  rapid  clinical 
value. 

It  is  interesting  to  speculate  upon  the  relation  of  the  alkalinity  to  malignant 
growth,,  Is  is  cause  or  effect?  Menten  mentions  a  case  in  which,  after  the 
administration  of  sodium  bicarbonate,  the  rate  of  growth  of  a  cancer  was 
hastened. 

High  alkalinity  is  not  a  certain  indication  of  cancer,  but  its  presence  in  a 
suspected  case  is  an  added  reason  for  a  positive  diagnosis.  The  method  therefore 
is  like  practically  all  other  laboratory  tests,  merely  an  aid,  perhaps  a  very  valu- 
able one,  to  the  careful  clinician.  To  the  careless  one  it  is  apt  to  be  a  hindrance, 
or  to  be  misleading.  Albumin  and  casts  do  not  necessarily  mean  nephritis. 
These  appear  in  other  conditions, — but  their  presence,  under  certain  conditions, 
is  highly  suggestive. 
—P.  G.  W. 

'Menten:      Jour.    Cancer   Resrarch,    1917,    ii,    179. 
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THE  PRINCIPLES  INVOLVED  IN  THE   ECONOMIC   READJUSTMENT 

OF  DIETARIES* 

By  J.  J.  R.  MaclEod,  M.B.,  Cleveland,  Ohio. 


THE  basic  standard  of  diet  is  its  energy  value.  The  energy  value  of  the 
foodstuffs  is  the  currency  of  dietetics.  Just  as  in  the  barter  and  trade  of 
commerce  some  common  basis  of  exchange  is  necessary,  something,  that  is  to 
say,  having  a  standard  value  with  ^\■hich  the  value  of  all  other  things  can  be 
compared,  and  by  the  use  of  which  they  can  be  bought  and  sold  ;  so  with  food, 
in  order  to  exchange  one  foodstuff  for  another  in  the  dietary,  some  standard  of 
relative  values — some  food  currency — must  be  used.  The  basis  of  monetary 
currency  is  the  dollar;  that  of  food  is  the  calorie. 

This  does  not  necessarily  mean  that  the  calorie,  although  itself  a  fixed  value, 
is  always  of  exactly  the  same  dietetic  importance,  for  just  as  in  the  monetary 
system  the  purchasing  power  of  the  gold  dollar  may  vary  in  different  countries, 
so  in  dietetics  may  the  relative  importance  of  tiie  calorie  vary  with  the  food- 
stuff which  supplies  it.  Thus,  the  ration  of  one  individual  may  be  quite  inade- 
quate or  may  be  harmful  for  another.  "Ae  man's  meat's  anither  man's  poison." 
Quite  apart  from  gratification  of  appetite,  which,  however,  is  a  most  im])«»rlant 
factor  in  food  assimilation,  the  food  consumed  by  each  indi\idual  nnist  be  prop- 
erly adjusted  to  meet  his  peculiar  requirements.  Besides  its  caloric  value,  therc- 
foix',  certain  other  values  for  foods  must  be  taken  into  consideration,  but  at 
the  outset  attention  is  called  to  the  calorie. 

A  calorie  is  the  unit  of  energ>'.     It  can  be  used  to  measure  the  expenditure 
of  energy,  whether  this  occurs  as  heat,  or  as  mechanical  work,  or  as  elect lical  dis 
charge,  or  as  chemical  reaction.     To  make  this  ])lain,  consider  the  relationship 
between   the   expenditure   of   energy   as   motion    and    as    heat   in    the   case   of   a 

•I'Vom    the    Physiology    IJopaitment,    Western    Uescive    Mi-dii-.il    Silmol,    Clt-x  cl.iiid,    Olun. 


744  THE    JOURXAI.    OF    LABORATORY    AND    CLINICAL    MEDICINE) 

Steam  engine.  When  the  engine  is  at  rest,  all  the  energy  is  dissipated  as  heat, 
but  when  it  works,  some  of  this  heat  takes  the  form  of  movement,  the  sum  total 
of  energy  expenditure  being  the  same  whether  the  engine  is  standing  still  or  is 
moving.  The  source  of  the  energ}'  given  out  by  the  engine  is  obviously  the  fuel 
w^hich  is  burned  in  the  furnace.  Turning  now  to  the  animal  body,  the  fuel 
which  it  burns  is  the  food.  Everything  capable  of  burning  outside  the  body  is 
not  suitable  for  the  animal  fuel,  but  only  those  substances  which  can  be  acted  on 
by  special  types  of  reagents  present  in  the  animal,  called  enzymes  or  ferments, 
which  have  the  function  of  loosening  up  and  breaking  apart  into  smaller  mole- 
cules the  large  complex  molecules  of  which  food  is  composed.  The  smaller 
molecules  then  unite  with  the  oxygen  of  the  blood  and  become  burned  or  oxi- 
dized and  liberate  their  energy.  The  foods  belong  to  three  classes  of  organic 
substances :  fats,  carbohydrates,  and  proteins. 

In  order  to  find  out  how  much  energ}-  is  available  in  a  fuel,  it  is  necessary 
to  burn  it  and  measure  the  amount  of  heat  which  it  gives  out  in  the  process. 
The  measurement  of  the  amount  of  heat  is  not,  however,  so  very  easy  a  matter 
to  comprehend.  It  is  not  a  question  merely  of  increase  in  temperature,  for  it  is 
obvious  that  there  must  be  \ery  different  amounts  of  heat  in  an  ounce  and  in  a 
pint  of  boiling  water;  placed  side  by  side  in  similar  vessels  the  ounce  of  water  will 
cool  off  much  more  quickly  than  the  pint.  This  simple  example  indicates  a  basis 
upon  which  we  may  measure  heat,  namely,  as  the  temperature  multiplied  by  the 
volume  or  mass  of  water.  The  unit  of  such  measurement  is  called  a  calorie, 
which  is  defined  as  the  amount  of  heat  required  to  raise  the  temperature  of  1  kg. 
of  water  (2%.  lb.)  through  1°  C.^  or,  roughly.  1  lb.  H.O,  4°F.  In  order  to 
measure  the  caloric  value  of  a  fuel  or  foodstuff,  we  must,  therefore,  ascertain 
the  degrees  of  temperature  through  w-hich  a  known  volume  of  water  is  raised  by 
burning  a  weighed  amount  of  substance  in  such  a  way  that  all  the  heat  which 
it  gives  out  is  taken  up  by  the  water. 

The  apparatus  for  doing  this  is  called  a  calorimeter,  which  consists,  in 
principle,  of  a  stout  iron  chamber,  or  bomb,  into  w'hich  a  weighed  amount  of  the 
fuel,  or  food,  is  placed  and  then  filled  with  compressed  oxygen.  The  bomb  is 
tightly  closed,  placed  in  an  outer  vessel  containing  a  known  volume  of  water  at  a 
known  temperature,  and  the  fuel  or  food  set  on  fire  by  an  electric  current.  When 
1  gm.  (15  gr.)  quantities  of  each  of  the  three  foodstuffs  are  burned  in  the 
calorimeter,  the  values  are:  protein,  about  5.5;  fat,  9.3;  carbohydrate,  4.1.  That 
means,  in  the  case  of  fat,  for  example,  that  if  1  gm.  be  burned  in  the  cham- 
ber of  a  calorimeter,  which,  it  will  be  assumed,  contains  1000  gr.  water,  an  increase 
of  temperature  amounting  to  9.3°  C.  will  be  observed.  No  matter  how  slowly  or 
quickly  the  given  material  burns,  the  caloric  value  is  always  the  same. 

To  compute  the  total  energ}'  taken  into  the  body,  all  we  have  to  do  is  to 
weigh  each  article  of  food,  ascertain  from  the  numerous  dietary  tables  readily 
available  in  textbooks,  encyclopedias,  government  bulletins,  etc.,  how  much  fat, 
protein  and  carbohydrate  it  contains,  and  then  multiply  each  of  these  by  its 
proper  caloric  value  and  add  the  results  together.  This  gives  us  the  caloric 
value  available  when  the  foodstuffs  are  completely  burned.  But  some  of  the 
food  is  not  entirely  oxidized  in  the  animal  body,  so  that  to  determine  the 
physiologic   caloric  value,   we  must   subtract   from  the  crude  value   the  caloric 
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value  of  the  unused  portion  given  out  with  the  excreta.  In  the  case  of  fats 
and  most  carbohydrates,  the  subtraction  is  very  small  if  digestion  and  assimila- 
tion be  in  good  order.  It  is  considerable,  however,  in  the  case  of  protein,  bring- 
ing the  actual  caloric  value  of  this  foodstufif  down  to  4.1,  the  same  as  for  car- 
bohydrates. 

So  far  we  have  gone  on  the  assumption  that  the  caloric  value  of  the  foods 
\^ill  be  the  same  whether  they  are  quickly  burned  or  only  slowly  used  up  in 
the  life  processes  of  the  animal  body.  Obviously,  however,  before  dietetics  can 
be  considered  to  rest  on  any  scientific  basis,  indisputable  evidence  that  such  is 
really  the  case,  must  be  furnished.  The  energy  output  of  animals  must  be 
measured  to  show  that  it  balances  up  exactly  with  the  energ}^  value  of  the 
food  which  has  meanwhile  been  consumed.  One  of  the  greatest  accomplish- 
ments of  modern  physiologic  science  is  the  fact  that  it  should  have  been  pos- 
sible to  do  this  very  thing.  For  this  purpose  a  calorimeter  is  again  used,  but 
modified  so  that  it  may  be  constantly  ventilated  to  prevent  suffocation  of  the 
animal.  This  is  called  a  respiration  calorimeter.  It  consists  of  an  air-tight 
chamber  with  double  walls,  in  the  space  between  which  is  an  ingenious  device 
by  which  the  temperature  of  the  air  of  the  space  is  regulated  so  as  to  be  exactly 
the  same  as  that  of  the  chamber  itself,  thus  preventing  entirely  any  loss  of  heat. 
The  heat  given  off  by  an  animal  placed  in  the  calorimeter  is  measured  by  observing 
the  change  in  temperature  produced  in  a  known  volume  of  water  passed  through 
radiators  in  the  chamber,  that  which  is  meanwhile  employed  to  evaporate  the 
water  given  out  in  the  expired  air  and  sweat  being  readily  computed  by  col- 
lecting this  vapor  in  suitable  absorption  bottles  (see  p.  746)  placed  in  the  course 
of  the  ventilating  tubes.  Calorimeters  have  been  constructed  by  Atwater, 
Benedict  and  Graham  Lusk,  in  which  a  man  can  live  comfortably  for  long 
periods  of  time. 

The  above  comparison  can  not  be  made  by  merely  measuring  the  food  the 
animrd  cats,  because  the  food  is  not  necessarily  consumed  immediately  after 
it  is  taken;  it  must  first  of  all  become  assimilated  in  the  body,  and  this  takes 
some  time.  Months  indeed  may  elapse  between  the  time  that  a  food  is  eaten  and 
that  when  it  is  ultimately  oxidized  to  yield  energy-.  It  is  on  this  account  that 
a  starving  animal  may  go  on  yielding  energy ;  he  lives  on  the  foodstuffs  which 
have  been  incorporated  wnth  his  body  f  he  feeds  on  his  own  tissues.  The 
problem  is  not  so  simple  as  in  the  case  of  a  steam  engine,  where  we  may  compare 
the  energy  output  with  the   fuel  consumption. 

How,  then,  is  it  known  that  each  oi  the  foodstufi's  gives  out  as  heat  and 
other  forms  of  energy  the  same  amount  of  heat  which  it  produces  when  burned 
in  a  calorimeter?  The  rate  at  which  combustion  is  proceeding  in  the  liody  must 
be  measured  by  measuring  the  products  of  the  combustion. 

To  understand  properlv  the  i)rinciple  ujion  which  such  a  measurement 
depends,  turn  for  a  moment  to  the  conditions  obtaining  when  a  piece  of  sugar 
or  fat  is  burned  outside  the  body.  As  the  combustion  proceeds,  carlionic  acid 
and  water  are  given  off  l)ecause  of  the  union  of  the  oxygen  (^f  the  air  with  the 
carlxMi  and  hydrogen,  of  which  elements,  along  with  some  intramolecular  oxy- 
gen, either  of  these  foodstuffs  is  composed.  By  the  oxidation,  energy  is  liber- 
ated as  heat,  so  that  the  numlicr  of  calories  given  out   b\-   tlu'  burning  process 
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is  directly  proportional  to  the  amount  of  water  and  carbon  dioxide  meanwhile 
produced  and  the  amount  of  oxygen  used  up.  It  is,  chemically,  a  comparatively 
easy  matter  to  measure  the  amounts  of  these  combustion  products.  The  car- 
bonic acid  is  measured  by  finding  how  much  alkali  it  can  change  into  carbonate 
and  by  leading  the  air  which  contains  it  as  vapor  through  substances,  such  as 
concentrated  H2SO4,  which  absorb  it.  The  analysis  of  proteins  is  more  com- 
plicated on  account  of  the  fact  that,  besides  carbon,  hydrogen,  and  oxygen,  they 
contain  niti"ogen.  By  suitable  chemical  processes  this  nitrogen  has  either  to  be 
dislodged  from  them,  or  converted  into  its  hydrogen  compound,  ammonia,  which 
is  then  ver}'  easily  measured. 

Let  us  see  now  how  these  methods  of  the  chemist  may  be  employed  to 
measure  the  products  of  combustion  in  the  case  of  an  animal.  For  this  purpose 
the  chamber  of  the  calorimeter  is  connected  with  an  air-tight  system  of  wide- 
bore  tubes,  along  which  an  air  current  is  made  to  circulate  by  means  of  a  rotary 
blower  or  fan.  The\water  and  carbon  dioxide  given  ofif  by  the  animal  are 
caught  in  so-called  absorption  bottles,  inserted  in  the  system  and  containing 
suitable  reagents  to  combine  with  the  gases.  The  oxygen  consumed  by  the 
process  of  combustion  causes  the  volume  of  air  in  the  system  to  shrink,  but  just 
as  quickly  as  it  does  so,  as  indicated  by  a  gauge,  fresh  oxygen  is  discharged 
into  the  system  from  a  cylinder  of  the  gas.  In  a  chemical  analysis,  as  we 
stated  above,  the  water  value,  as  well  as  that  of  carbon  dioxide,  is  used  in 
calculating  the  composition  of  the  substance  burned.  In  a  metabolism  experi- 
ment, however,  as  the  above  physiologic  method  is  called,  the  water  excretion 
is  not  of  much  value  as  a  means  of  determining  the  amount  of  combustion, 
because  of  the  fact  that  relatively  large  and  inconstant  amounts  of  it  are  taken 
with  the  food,  and  the  body  at  dififerent  times  contains  varying  amounts  of  it. 
The  carbon  dioxide  excretion,  taken  along  with  the  oxygen  intake,  is  the  impor- 
tant criterion.  In  short,  then,  by  measuring  the  carbon  dioxide  absorbed  by  the 
absorption  bottles  and  the  fresh  oxygen  that  has  to  be  delivered  into  the  system 
to  keep  the  volume  constant,  one  can  tell  exactly  how  much  material  containing 
carbon  and  hydrogen  is  being  oxidized  in  the  body. 

A\  hen  we  know  how  much  carbon  has  been  oxidized,  we  can  not  tell  how 
much  of  it  came  from  protein,  fat,  or  carbohydrate,  because  all  three  contain  it; 
and  the  energy  value  of  each  being  different,  we  can  not  compute  how  many 
calories  have  in  toto  been  liberated  by  the  combustion  process.  To  find  out 
what  foodstuff  was  actually  consumed,  some  other  excretory  product  that  is 
])ecu]iar  to  one  or  the  other  of  the  foodstuffs  must  be  observed.  In  the  case 
of  protein,  this  is  made  possible  by  the  fact  that  the  amount  of  nitrogen  which 
the  animal  excretes  during  his  stay  in  the  chamber  can  readily  be  measured. 
Having  found  from  the  nitrogen  excretion  how  much  protein  must  have  become 
used  up  (by  multiplying  grams  of  nitrogen  by  6.25),  we  may  then  calculate  the 
amount  of  carbon  contained  in  this  amount  of  protein  and  substract  it  from  the 
total  carbon  which  must  have  been  burnt  to  produce  the  carbon  dioxide.  The 
remainder  is  the  carbon  of  the  fat  and  carbohydrate  that  have  been  burnt.  The 
relative  amounts  of  these  two  can  then  be  computed  from  a  knowledge  of  the 
relationship  of  the  oxygen  absorption  to  the  carbon  dioxide  excretion — the  so- 
called  respiratory  quotient. 
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Having  thus  become  acquainted  with  the  general  principles  of  which  the 
necessary  measurements  are  made,  the  results  are  next  to  be  considered.  These 
are  among  the  greatest  achievements  of  modern  medical  science,  for  when  the 
measurements  are  properly  made,  the  caloric  output  as  directly  measured  corre- 
sponds exactly  with  that  calculated  by  multiplying  the  amount  of  each  foodstuff, 
known  to  have  been  burned  in  the  body,  by  its  caloric  value.  This  accurate  cor- 
respondence of  the  direct  and  indirect  methods  of  calorimetry  has  both  a  practical 
and  a  theoretic  interest.  It  shows,  for  one  thing,  that  there  can  be  no  energ}'  either 
created  or  lost  in  the  animal  body  that  is  not  accounted  for  by  the  oxidation  of 
the  foodstuiifs.  It  shows  that  no  energ}^  can  be  absorbed  from  the  outside  or 
new  forms  of  energy  created  in  the  animal  body.  It  proves  the  law  of  the  con- 
servation of  energ}-  for  the  animal  mechanism. 

And  now  with  regard  to  the  application  of  these  extremely  important  facts 
in  the  science  of  dietetics.  We  are  in  a  position  to  determine  with  scientific 
accuracy  just  exactly  how  much  food  should  be  taken'under  varying  conditions 
of  bodily  activity.  In  a  general  w^ay,  we  know  that  the  amount  of  food  that  is 
required  is  proportional  to  the  nature  and  amount  of  bodily  exercise  that  is  being 
performed  at  the  time,  and  that,  if  the  food  supply  is  inadequate,  the  work  before 
long  will  fall  off,  not  only  in  quantity,  but  in  quality  as  well.  '"Horses  (and  men) 
work  best  when  they  are  well  fed,  and  feed  best  when  they  are  w-ell  worked," 
is  an  old  adage  and  one  the  truth  of  which  cannot  be  overestimated  in  the  con- 
sideration of  all  questions  of  dietary  requirements.  An  ill-fed  beggar  will  rather 
suffer  from  the  pain  and  misery  of  starvation  than  attempt  to  perform  the  piece 
of  work  that  the  well-meaning  housewife  bargains  should  be  done  before  she 
gives  him  the  meal.  The  spirit  may  be  willing  but  the  flesh  w^eak.  If  he  could 
be  trusted,  he  should  be  fed  first  and  worked  afterwards.  Besides  the  amount 
of  work,  two  other  factors  are  well  known  to  influence  the  demand  for  food, 
namely,  growth  and  climate.  A  young  growing  boy  will  often  demand  as  much 
if  not  more  food  than  would  appear,  from  a  comparison  of  his  body  weight  wath 
that  of  his  seniors,  to  be  his  proper  share,  and,  other  things  being  equal,  it  is 
well  known  that  we  are  inclined  to  partake  much  more  heartily  of  food  during  the 
cold  days  of  winter  than  during  the  sultry  days  of  July  and  August. 

That  we  know  these  facts,  in  a  general  way,  indicates  that  the  first  steps  in 
the  exact  determination  of  dietetic  requirements  must  be  to  find  out  how  much 
energy  the  body  expends  under  varying  conditions  of  activity,  etc.  It  must  be 
plain  from  what  has  already  been  said  that  this  may  be  done  by  having  the 
person  live  for  some  time  in  a  respiration  calorimeter,  so  that  w^e  may  measure 
the  caloric  output  by  both  the  direct  and  the  indirect  methods,  the  results  of 
the  one  serving  as  a  check  on  those  of  the  other.  To  the  conclusions  drawn 
from  results  of  observations  made  under  such  artificial  and  unusual  conditions 
of  living,  the  objection  might,  quite  justly,  be  raised  that  they  need  not  apply  to 
persons  going  about  their  ordinary  routine  of  life.  To  meet  this  objection  another 
method,  which  we  may  call  the  statistical,  is  available.  This  consists  in  taking  the 
average  diet  of  a  large  number  of  individuals  and  comparing  its  caloric  value 
with  the  average  amount  and  type  of  work  that  they  are  meanwhile  called  upon 
to  perform.  This  can  be  done  in  cases  where  the  diet  is  accurately  known,  as  in 
public  institutions,  the  army,  the  navy,  etc.    The  total  food  supi)lied  is  then  divi(ie<l 
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by  the  number  of  individuals,  this  giving  the  per  capita  consumption.  Obviously 
some  get  more  than  others,  but  when  a  sufficient  number  of  individuals  is  in- 
cluded, such  errors  become  eliminated  by  the  law  of  averages.  The  close  agree- 
ment between  the  results  secured  by  these  two  quite  different  methods  is  a  guar- 
antee of  the  reliability  of  either. 

Before  proceeding  to  consider  the  results  in  greater  detail,  it  is  plain  that, 
in  order  to  make  it  possible  to  compare  the  energ}^  output  of  individuals  of  dif- 
ferent sizes,  the  results,  that  is,  the  caloric  output,  must  be  determined  for  some 
standard  size  of  body.  If  such  a  standard  were  not  used  but  we  merely  quoted 
the  results  as  so  many  calories  given  out  during  each  hour  or  da}^  we  should,  of 
course,  find  that  a  small  child  gave  out  far  less  energ}-  than  a  large  full  grown 
man ;  we  should  fail  entirely  to  bring  out  the  fact,  which  is  of  great  significance, 
that  relatively  to  the  size  of  their  bodies  the  child  gives  out  considerably  more 
energ}'  than  the  adult.  The  standard  usually  employed  is  that  of  body  weight, 
the  kilogram  {2%.  lb.)  being  the  unit.  During  recent  years,  however,  it  has 
been  claimed  that  a  more  accurate  basis  of  comparison  is  the  unit  of  body  sur- 
face, the  square  meter;  but  with  the  reasons  for  this  change  of  standards  and  the 
controversial  matters  which  have  been  raised  in  connection  with  them,  we  need 
not  concern  ourselves ;  for  the  purposes  of  a  scientific  study  of  the  principles  which 
govern  dietary  requirements,  the  body- weight  standard  is  the  most  suitable  to 
adopt  at  present. 

Let  us  then  consider  the  caloric  output  of  a  healthy  man  of  average  weight 
(70  kg.).  In  the  first  place,  it  must  be  measured  while  he  is  at  perfect  bodily 
rest,  lying  quietly  in  bed,  and  at  such  an  interval  of  time  after  taking  food  that 
the  digestive  organs  are  inactive.  This  is  done  by  having  him  sleep  in  a  bed 
placed  in  the  respiration  calorimeter  and  measuring  the  caloric  output  the  fi,rst 
thing  in  the  morning  when  he  awakes.  Under  such  conditions  it  has  been  found 
that  1  C.  per  kg.  per  hour,  or  1  x  70  x  24  ^  1680  C.  per  diem,  is  produced.  At 
first  sight  this  result  would  seem  to  indicate  that  food  containing  an  amount  of 
protein,  fat  and  carbohydrate  capable  of  yielding  1680  C.  would  meet  the  daily 
requirements,  but  such  is  not  the  case.  More  must  be  given  to  allow  for  the  fact 
that  the  physiologic  processes  involved  in  the  assimilation  of  food  by  the  tissues, 
quite  apart  from  anything  else,  causes  some  heat  to  be  dissipated  from  the  body. 
This  property  of  food  has  been  clumsily  called  its  specific  dynamic  action,  and  it 
varies  according  to  the  nature  of  the  foods,  being  largest  in  the  case  of  protein  and 
smallest  in  the  case  of  carbohydrate.  As  a  rough  estimate,  it  is  usually  con- 
sidered that  the  average  daily  diet  has  a  specific  dynamic  value  amounting  to  ten 
per  cent  of  the  resting  caloric  output,  giving  us  therefore,  for  a  resting  man 
living  on  an  average  diet,  a  daily  caloric  output  of  1680  -{-  186  =  1848  C. 

The  further  expenditure  of  calories  depends  entirely  on  the  amount  of 
muscular  work  done,  and  much  interesting  information  has  already  been  col- 
lected, showing  just  how  many  calories  are  set  free  in  the  performance  of  dif- 
ferent types  of  work.  It  is  significant  that,  with  their  far-sighted  appreciation 
of  the  value  of  science  in  the  welfare  of  the  state,  the  German  authorities  should 
some  years  ago  have  appropriated  considerable  sums  of  money  for  just  such 
investigations,  and  that  the  data  should  have  served  as  one  of  their  main  guides 
in  the  apportionment  of  food  to  the  people.     The  government,  as  soon  as  it  saw 
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the  possibility  of  a  shorUige,  placed  the  control  of  food  in  the  hands  of  scientific 
food  experts  without  permitting  such  a  vital  question  to  be  trifled  with  by  legis- 
lators whose  knowledge  of  food  values  is  as  shallow  as  their  knowledge  of  how  to 
play  obstructive  politics  is  profound.  The  delay  that  has  attended  the  passage 
through  Congress  of  the  bill  for  food  control  is  all  the  more  provoking  when  we 
consider  that  in  our  country,  and  ready  to  serve  voluntarily,  are  men  who  have 
convincingly  shown  themselves  to  be  second  to  none  in  the  world,  not  only  in  the 
scientific  knowledge  which  must  guide,  but  also  in  the  executive  ability  which  must 
administer,  an  efficient  food  control. 

It  has  been  found  that  if  the  person  instead  of  lying  in  bed  be  made  to  sit 
still  in  a  chair  in  the  calorimeter,  his  caloric  output  increases  by  about  8  per  cent, 
and  if  besides  this  he  be  made  to  do  such  work  as  writing  at  a  desk,  it  will  increase 
by  nearly  30  per  cent.  A  little  simple  arithmetic  thus  shows  us  that  for  such 
work  the  caloric  expenditure  per  hour  while  the  man  is  doing  such  work  will 
increase  from  17 ,  which  we  saw  to  be  that  of  basal  heat  production  and  the 
specific  dynamic  action  of  the  food,  to  97  C. ;  and  if  he  does  such  work  for  six- 
teen hours  and  sleeps  eight  hours,  this  gives  8  x  77  =  616  +  16  x  97  =1552  = 
2168  C.  A  great  increase  in  caloric  output  is  created  by  walking,  even  on  the 
level,  and  it  has  been  quite  clearly  shown  that  the  difference  between  the  value 
which  we  have  arrived  at,  viz.,  2170  C,  and  the  actual  caloric  expenditure  of 
2500  C,  which  from  statistical  studies  is  known  to  be  expended  by  individuals 
doing  a  light  day's  work,  can  readily  be  accounted  for  by  the  walking  incidental 
to  moving  from  place  to  place  in  the  daily  routine. 

Coming  now  to  the  results  of  the  statistical  method,  the  reliability  of  this 
method  is  testified  to  by  the  remarkable  correspondence  in  the  caloric  \alues  of 
the  food  consumed  bv  farmers  in  widelv  different  communities : 


Calories 

Farmers    in 

Connecticut,                                         3,410 

"          " 

Vermont,                                            3,635 

"          " 

New  York,                                         3,785 

"          " 

Mexico,                                               3,435 

"          " 

Italy,                                                      3,565 

**          ** 

Finland,                                                3.474 

Average,                                           3,551 

(Liisk: 

The  F'undamental  Basis  of  Xutrition) 

The  average 

inhabitant  of  various  cities: 

London, 

2.665 

Paris, 

2.^)03 

Munich, 

3.014 

Konigsberg, 

2,394 

(Rubncr ) 


Individuals  in  different  callings: 


Farmers'    families   (U.   S.  A.),  3,5()0 

Mechanics'        "  "  3,605 

Professional  men's  families  (U.  S.  A.),  3.530 

Army   (U.  S.  A.),  3.851 

Navy  "  4,998 

(Atwater) 
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In  general  it  is  usually  computed  that  a  man  weigh- 
ing 70  kg.  requires  in  calories : 

2,500  for  a  sedentery  life. 
3,000  for  light  muscular  work. 
3,500  for  medium  muscular  work. 
4,000  and  upwards  for  very  heavy  toil. 

(McKillop) 

These  figures  apply  to  the  average  man,  but  in  calculating  the  caloric  re- 
quirements of  a  family  or  a  community  allowance  must  be  made  for  the  lesser 
requirements  of  women  and  children.  Several  dieticians  have  compiled  tables 
showing  how  many  calories  are  expended  according  to  age  and  sex,  and  the  Ger- 
man authorities  have  recently  taken  these  figures  from  them  and  calculated  a 
generalized  mean,  which  shows  in  comparison  with  men  the  percentage  that 
should  be  allowed  for  women  and  children.     The  figures  are  as  follows  : 


Man, 

100 

Woman, 

83 

Boy  over  16, 

92 

Boy,   14-16, 

81 

Girl,  14-16, 

74 

Child,  10-13, 

64 

Child,  6-9, 

49 

Child,  2-5, 

36 

Child,  under  2, 

23 

(McKillop) 

In  calculating  the  caloric  requirement  of  the  population  as  a  whole,  the 
necessity  of  making  allowance  for  the  varying  needs  of  men,  women  and  chil- 
dren would  obviously  make  the  calculations  far  too  complicated  for  practical  pur- 
poses. It  is  necessary  to  have  a  factor  by  which  we  may  multiply  the  total 
])Opulation  in  order  to  determine  its  man  tuIuc.  This  factor  is  based  on  the  rela- 
tive proportion  of  men  to  women  and  children,  and  it  amounts  very  nearly  to 
0.75 ;  i.  e.,  three  quarters  of  the  total  population  gives  "the  man  value."  Knowing 
the  total  population,  say,  of  a  city,  we  must  therefore  multiply  this  by  0.75  in 
order  to  ascertain  for  how  many  men  doing  moderate  muscular  work  (3000  C.) 
food  has  to  be  provided. 

Although  the  first  step  in  estimating  the  dietary  requirements  of  a  family 
or  community  is  thus  to  ascertain  how  many  calories  are  expended  by  each  in- 
dividual and  then  to  find  suitable  foodstuffs  that  will  supply  this  amount,  it 
must  not  be  imagined  that  we  have  thereby  fulfilled  all  the  conditions  to  be  con- 
sidered in  drawing  up  a  correct  dietary.  There  are  many  other  factors  to  con- 
sider, and  these,  for  simplicity's  sake,  we  may  divide  into  two  groups :  first,  those 
pertaining  to  the  chemical  nature  of  the  foodstuff,  and  secondly,  those  pertaining 
to  its  palatability,  digestibility,  and  availability. 

To  appreciate  the  importance  of  the  chemical  nature  of  foods,  it  will  be 
well  to  return  to  the  analogy  of  the  animal  body  with  a  steam  engine,  not  because 
we  shall  find  that  the  analogy  becomes  any  closer,  but,  because  it  so  entirely 
breaks  down  in  one  important  particular  that  it  becomes  of  value  on  this  very 
account.  The  fuel  of  the  engine  is  fuel  alone ;  it  is  used  for  no  other  purpose, 
whereas  the  food  of  an  animal,  besides  being  fuel,  is  also  used  to  repair  the  tis- 
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sues  of  the  body  which  have  become  broken  down  on  account  of  the  constant 
wear  and  tear  to  which  they  are  subjected  in  carrying  on  the  processes  of  Hfe. 
The  next  step  is,  therefore,  to  find  out  the  relative  importance  of  the  foodstulifs 
in  supplying  material  for  the  reparative  processes  in  the  tissues.  Biochemical 
investigation  has  shown  that  these  are  composed  of  the  same  classes  of  chemical 
substances  as  the  foods — proteins,  fats,  carbohydrates,  salts,  and  water — and 
that  proteins  occupy  the  most  important  position,  since  the  greater  part  of  the 
living  tissue  is  composed  of  them;  namely,  the  cell  and  its  nucleus.  Some  fats  or 
fat-like  substances  are  also  associated  with  protein  in  the  construction  of  this 
vital  tissue  machinery,  but  by  far  the  greatest  bulk  of  the  fat  found  present  in 
the  body  merely  represents  storage  fuel  deposited,  not  in,  but  between  the  really 
active  or  vital  tissues.  Some  carbohydrate  is  also  probably  used  to  construct  the 
machinery,  but  by  far  the  greater  proportion  is  used  for  fuel  purposes;  indeed, 
carbohydrate  is  the  most  readily  available  of  all  the  foodstuffs  for  purposes  of 
producing  energy.  There  is  no  large  store  of  carbohydrate  in  the  body,  because  it 
is  quickly  consumed,  whereas  fat  may  be  stored  away  for  some  considerable 
time  before  it  is  ultimately  used  as  fuel  material.  Standing  distinctly  apart  from 
the  others  in  dietetic  importance,  therefore,  is  protein.  With  this  foodstuff 
alone,  many  animals  can  exist,  although  they  may  not  thrive,  whereas  with  fats 
and  carbohydrates  as  the  sole  foodstuffs,  life  is  impossible.  Protein  in  the  diet 
is  a  sine  qua  non  of  life,  because  it  is  more  than  a  mere  fuel :  it  is  also  the  essen- 
tial building  material  for  the  worn  out  tissues. 

This  unique  position  of  proteins  has,  in  a  general  way,  been  appreciated 
for  many  years,  but,  apart  from  the  fact  that,  of  all  foodstuffs,  proteins  alone 
contain  nitrogen,  so  little  was  known  concerning  their  chemical  structure  that, 
with  the  exception  of  gelatin,  all  proteins  were  thought  to  be  of  much  the  same 
dietetic  value.  Thanks  to  the  advancement  of  biocjj|>\jiical  knowledge,  it  is  now- 
known  that  this  view  is  very  far  from  being  cd^rrect,  'for*  proteins  differ  in  their 
chemical  structure  and  in  their  dietetic  value.  The  differen(5es  a^  dependent 
upon  the  nature  and  proportions  of  the  various  groups  of  smaller  molecules  of 
which  the  highl)'  complex  and  very  lar^  molecule  of  i)rotein  itself  is  comi)osed. 
To  make  this  clear,  let  us  imagine  the  protein  molecule  as  ^a  completed  building 
with  its  stone  and  lime,  its  woodwork  and  plumbing,  its  f)raster,  and  so  on.  It 
is  composed  of  a  great  variety  of  tj^ilding  m'aferials;  but  in  a  row  of  buildings  no 
two  need  be  exactly  alike  (although  the  same  materials  in  general  are  used  in  their 
construction)  ;  some  of  them  may  have  no  stonework,  others  no  plumbing,  and 
even  in  those  which  use  all  of  the  available  materials,  the  relative  quantities  used 
will  vary  considerably.  So  with  protein :  it  is  built  up  of  innumerable  build- 
ing materials  belonging  to  the  class  of  chemical  substances  known  as  amino  acids, 
that  is,  organic  acids  whose  acidity  is  practically  neutralized  by  the  inclusion 
ill  the  molecule  of  an  nmnionia  residue,  called  the  runino  group.  There  is  .i 
great  variety  of  such  amino  acids,  some  comparatix  ely  simple  and  others  higidy 
complex,  since  they  contain,  l)esides  the  organic  and  amino  group,  otlier  clu-m- 
ical  groups  that  are  often  of  highly  intricate  structure. 

To  know  the  name  and  structure  of  each  of  these  p|-otein  building  ma- 
terials, or  amino  acids,  is  not  necessary  for  our  purpose  here,  but  thrtc  aic  two 
or  three  that  we  must  at  least  mention  in  order  to  be.  later  on,  in  a  position  to 
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understand  why  certain -proteins  should  be  more  valuable  than  others  as  food- 
stuffs. These  are  lysin,  containing  two  ammonia  groups ;  tyrosin  and  tr}^ptophan, 
containing  a  so-called  aromatic  group ;  and  cystin,  containing  sulphur.  The 
protein  of  muscle,  for  example,  is  not  composed  of  exactly  the  same  variety 
and  proportion  of  amino  acids  as  that  of  egg  white.  Even  the  proteins  of  the 
same  tissues  of  different  animals  may  not  be  exactly  the  same  in  their  amino-acid 
consistence.  It  is  evident,  then,  that  if,  on  account  of  wear  and  tear,  the  tissues 
should  require  certain  amino  acids  with  which  to  reconstruct  their  protein,  the 
supply  can  be  insured  only  provided  the  food  contains  proteins  yielding  these 
particular  amino  acids.  In  the  process  of  digestion  the  proteins  become  broken 
down  into  the  amino  acids,  which  are  then  absorbed  into  the  blood.  The  most 
perfect  protein  food  would  thus  be  one  containing  all  of  the  amino  acids  found 
present  in  the  proteins  of  all  the  tissues,  for  then  each  tissue  could  select  from 
the  blood  the  exact  amount  of  each  of  the  amino  acids  it  required,  and  what 
one  tissue  did  not  require  the  others  might  make  use  of.  In  this  manner  all 
of  the  amino  acids  of  a  protein  foodstuff  might  theoretically  be  used  as  building 
material  for  worn  out  tissue  protein;  but  such  a  perfect  adjustment  between 
supply  and  demand  does  not  actually  occur,  there  being  always  a  surplus  of  some 
amino  acids,  just  as  there  would  surely  be  some  building  material  unused  from 
a  wagon,  initially  filled  with  every  variety,  after  it  had  supplied  to  each  one  of 
a  row  of  houses  the  materials  required  for  repair  purposes.  This  rejected  build- 
ing material  has  to  be  got  rid  of  from  the  body,  and  this  is  accomplished  by  the 
amino  acid  being  split  up  into  two  parts,  of  which  the  one  is  burned  to  yield 
energy,  and  the  other,  consisting  of  ammonia,  is  excreted  in  the  urine  as  urea. 

The  proteins  that  contain  all  of  the  essential  amino  acids,  though  in  varying 
proportions,  are  those  of  animal  origin,  such  as  the  casein  of  milk  and  the  albumin 
and  globulin  of  blood,  eggs,  and  muscle.  Certain  vegetable  proteins,  such  as  are 
present  iniiart  at  least  in  the  soy  bean,  hemp  seed,  Brazil  nut,  maize,  and  wheat 
(glutenin),  also  contain  all  of  the  necessary  amino  acids,  though  not  in  such  suit- 
able proportions  as  in  proteins  of  animal  origin.  These  may  be  designated  as 
vegetable  proteins  of  the  first  quality.  Other  vegetable  proteins,  such  as  those  of 
beans,  peas  (legumin),  part  of  the  protein  of  maize  (zein)  and  wheat  (gUadin), 
etc.,  on  the  other  hand,  are  wanting  in  one  or  more  essential  amino  acids  and 
may  be  designated  as  of  second  quality. 

These  facts  have  been  ascertained  by  actual  chemical  analysis  of  the  pro- 
teins, and  their  relationship  to  the  building  up  of  tissue  proteins  has  been  dem- 
onstrated by  observing  the  rate  at  which  young  animals  grow  when  fed  on  dif- 
ferent proteins.  During  growth  it  is  plain  that  the  building-up  process  in  the 
tissues  is  occurring  in  exaggerated  form,  so  that  by  observing  the  weights  of  the 
animals  from  day  to  day  the  rate  of  the  process  can  be  measured.  It  is  no 
doubt  the  case  that  proteins  which  are  inadequate  for  growth,  will  also  be  in- 
adequate for  the  repair  of  broken-down  tissues  in  the  adult.  By  taking  a  piece 
of  paper  ruled  in  squares  and  placing  the  weights  of  the  animals  on  the  hori- 
zontal lines  and  the  days  of  observation  on  the  vertical,  we  obtain  what  is  known 
as  the  curve  of  growth. 

Many  of  the  earliest  observations  were  made  on  young  rats  and  mice. 
To  eliminate  individual  errors  large  numbers  of  the  animals  were  used,  all  of 
them  being  fed  on  a  uniform  diet  of  carbohydrates,   fats,  and  salts,  to  which 
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was  then  added  the  particular  protein  whose  influence  on  growth  it  was  desired 
to  investigate.  Large  numbers  of  animals  were  used  in  each  group,  so  as  to 
eliminate  individual  peculiarities  and  accidental  errors.  Fed  on  the  basal  diet 
alone,  the  animals  did  not  live  for  more  than  a  few  days.  If  protein  of  animal 
origin,  such  as  the  casein  of  milk  or  the  albumin  of  milk  or  egg,  or  blood  were 
added,  however,  the  curve  of  growth  was  exactly  like  that  of  a  normal  animal. 
The  proportion  of  protein  that  had  to  be  given  to  attain  normal  growth  varied 
considerably  in  different  animals.  In  the  case  of  white  mice  25  per  cent  of 
the  total  calories  had  to  be  given  as  protein;  rats  required  15  per  cent,  and 
man  seems  to  need  only  7  per  cent,  this  being  the  proportion  in  human  milk 
on  which  alone  the  human  infant  thrives.  With  vegetable  proteins,  such  as  the 
glutenin  of  wheat  and  maize  (Indian  corn),  which  contain  all  the  amino  acids, 
normal  growth  could  also  be  secured,  but  more  of  the  protein  had  to  be  given 
than  was  the  case  with  animal  proteins,  because  some  of  the  amino  acids  are 
not  present  in  adequate  amounts.  With  vegetable  proteins  in  which  certain 
amino  acids  were  missing,  however,  the  animals  did  not  grow  at  all.  Thus, 
with  one  of  the  proteins  of  maize  known  as  zein,  the  curve  of  growth  actually 
descended,  showing  that  the  animals  must  soon  have  died  of  starvation.  Chem- 
ical analysis  shows  that  two  essential  amino  acids  are  wanting  in  zein,  namely, 
lysin  and  tryptophan.  By  adding  pure  tryptophan  along  with  the'  zein,  a  distinct 
improvement  was  noted  in  the  curve;  it  no  longer  descended,  but  remained 
practically  horizontal,  indicating  that  now,  although  incapable  of  growing,  the 
animals  were  being  at  least  maintained.  Evidently,  then,  proteins  must  con- 
tain tryptophan  if  they  are  to  prevent  starvation.  If  lysin,  as  well  as  tryp- 
tophan, were  given  along  with  the  zein,  the  curve  of  growth  became  normal, 
that  is,  it  became  the  same  as  that  obtained  when  perfect  proteins  such  as 
casein  are  fed.  Lysin,  therefore,  must  be  an  important  amino  acid  for  growth, 
and  it  is  of  great  significance  that  there  is  a  high  percentage  of  lysin  in  all 
those  proteins  that  are  concerned  in  nature  with  the  growth  of  young  animals; 
thus,  it  is  present  in  large  amount  in  casein,  lactalbumin  and  egg  vitellin. 

The  condition  of  the  animal  that  has  been  fed  on  inadequate  proteins  is 
of  great  interest.  W  hen  the  aromatic  amino  acid,  trytophan,  which,  as  we  have 
seen,  is  essential  even  for  maintenance,  was  absent,  the  animal  soon  passed 
into  a  serious  condition  of  malnutrition.  Its  fur  became  ruffled,  its  eyes  in- 
flamed, its  feet  cold,  and  it  remained  in  a  condition  of  torpor.  By  adding 
trypto])han  to  the  diet,  these  symptoms  immediately  disappeared,  and  the 
animal  became  perfectly  normal  in  every  respect  except  that  it  failed  to  grow. 
It  remained  healthy  but  stunted.  A  most  interesting  question  here  presents 
itself,  namely,  has  the  power  to  grow  become  lost,  or  has  it  merely  become 
suppressed  by  ihe  absence  of  lysin?  It  is  of  great  significance  that  growth 
merely  becomes  suppressed,  for  when  the  stunted  animal  was  given  a  perfect 
protein,  such  as  casein,  it  immediately  began  to  grow  with  groat  rapidity,  and 
soon  attained  the  size  of  its  now  full-grown  brothers  and  sisters. 

Although  it  is  particularly  the  vegetable  proteins  that  are  likely  to  be  de- 
hcient  in  essential  building  stones,  certain  animal  proteins,  such  as  gelatin,  are 
also  lacking.     Gelatin,  like  /ein.  contains  no  try]>lopliaii.  and  like  zoiii.  il  can  not. 
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ihereforo.  maintain  life.  It  is  not  a  true  protein  but  it  is  a  valuable  adjunct  to 
protein  food,  because  it  contains  many  useful  amitio  acids. 

It  should  be  emphasized  that  in  wheat  and  maize  besides  the  imperfect  pro- 
teins, gliadin  and  zein,  there  is  also  another  protein  that  is  of  first  quality, 
namely,  glutenin.  This  is  present  in  sufficient  amount  to  make  even  strictly 
vegetarian  diets  perfectly  safe,  provided  enough  of  either  of  these  cereals  is 
taken  to  allow  for  the  fact  that  only  a  part  of  the  ])rotein  is  of  first  quality. 

Now  it  will  be  asked,  how  are  we  to  make  certain  that  suitable  variety  of 
protein  building  stones  is  present  in  the  diet.''  The  answer  is  that  there  is 
little  chance  of  inadequacy  in  this  regard  provided  several  varieties  of  protein 
food  are  given.  "Provide  sufficient  calories  and  let  the  proteins  take  care  of 
themselves,"  is  a  perfectly  safe  rule  to  work  by,  provided  animal  proteins  are 
used.  Real  danger  from  protein  starvation  could  arise  only  in  the  case  of 
strict  vegetarians  who  did  not  take  a  sufficiency  of  wheat  or  corn,  for,  although 
other  vegetable  proteins  than  glutenin  do  contain  all  of  the  essential  amino 
acids,  yet  they  may  be  deficient  in  this  regard,  and  it  would  be  decidedly  risky 
to  attempt  to  live  on  them  alone.  Strict  vegetarians  are,  therefore,  liable  to 
run  the  risk  of  partial  star\ation.  One  of  the  most  valuable  of  proteins  is 
probably  casein  of  milk  ;  another  vitellin  of  Qgg  yolk.  A  glass  or  two  of  milk 
with  an  egg,  along  with  vegetable  food,  makes  the  diet  a  safe  one.  provided 
always,  of  course,  that  the  caloric  requirements  are  met,  and  that  no  excessive 
wear  and  tear  of  the  tissues  is  going  on. 

But  it  is  probable  that  such  a  diet  is  inferior  to  one  containing  a  proper, 
but  not  excessive,  amount  of  animal  proteins.  It  has  been  found  that  the 
smallest  amount  of  protein  required  to  maintain  nutritional  equilibrium  is 
secured  by  taking  flesh  food,  along  with  abundance  of  carbohydrate  and  fat, 
because  obviously  this,  in  its  amino  acid  make-up.  coines  closest  to  that  of  the 
animal's  tissues. 

These  considerations  lead  to  the  question :  To  what  extent  may  the  pro- 
portion of  protein  in  the  diet  be  reduced  with  safety?  It  is  evident  that  there 
must  be  a  minmium  below  which  every  one  of  the  necessary  building  materials 
of  protein  would  not  be  sui)plied  in  adequate  amounc  to  reconstruct  the  worn- 
out  tissue  protein. 

The  extent  to  which  the  protein  content  of  the  diet  of  man  can  be  lowered 
with  safety  depends  on  several  factors,  of  which  ihe  most  important  are:  first, 
the  nature  of  the  protein;  secondly,  the  number  of  nonprotein  calories;  and 
thirdly,  the  extent  of  tissue  activity.  Where  so  many  factors  must  be  taken 
into  consideration,  the  only  method  by  which  the  actual  minimum  can  be 
determined  consists  in  what  may  be  called  "cut  and  trv^"'  experiments.  Of  the 
many  investigations  of  such  a  nature,  probably  the  best  one  is  that  recently 
published  from  the  Nutrition  Laboratory  of  Copenhagen.  The  subject,  an 
intelligent  laboratory  servant,  lived  a  perfectly  normal  and  active  life  for  a 
Ijeriod  of  five  months  on  a  diet  of  potatoes  cooked  with  margarine  and  a  little 
onion,  and  containing  4000  C,  with  a  total  protein  content  of  29  grams.  Dur- 
ing another  period  he  did  outdoor  work  as  a  mason  and  laborer,  and  took 
.SOOO  C.  daily,  and  35  grams  protein.  Many  other  experiments  of  a  similar  nature 
make  it  certain  that  man  can  lead  a  normal  existence  and  remain  in  good  health 
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on  vcrv  much  less  protein  than  the  100  grams  which  statistical  studies  show- 
to  be  the  amount  which  he  actualh'  takes.  This  discrepancy  between  the 
amount  which  experiment  demonstrates  to  be  adequate  and  that  which  habit 
and  custom  demand,  raises  the  question  as  to  whether,  after  all,  our  instincts 
may  not  have  erred  and  so  made  us  unnecessarily  extravagant  in  our  protein 
intake.  It  has  been  suggested  that  such  protein  extravagances,  will  in  various 
wavs,  have  a  deleterious  effect  on  the  organism  ;  thus,  that  the  excretory  organs, 
such  as  the  kidneys,  will  be  overtaxed  in  eliminating  the  unused  amino  acids, 
that  the  constant  presence  of  the  bodies  in  excess  in  the  blood  will  cause  de- 
generation and  sluggish  metabolism,  and  that  the  excess  protein  in  the  intestine 
will  lead  to  the  production  of  ptomaines,  whose  subsequent  absorption  into  the 
blood  will  cause  toxemic  symptoms. 

Important  support  to  such  views  appeared  to  be  supplied  some  dozen  years 
ago  by  Chittenden,  who  was  able  to  show  that  he  himself  and  many  other 
persons  doing  different  kinds  of  work  could  be  supported  on  daily  amounts  of 
protein  that  were  not  more  than  from  one-third  to  one-half  of  the  amount 
usually  taken.  Not  only  so,  but  it  was  averred  that  distinct  improvement  was 
experienced  in  the  general  sense  of  well-being  and  of  mental  efficiency  as  a 
result  of  the  lesser  protein  consumption. 

Taking  these  results  as  a  whole,  it  is  quite  clear  that  man  can  get  along 
under  ordinary  conditions  with  much  less  protein  than  he  ordinarily  takes.  This 
really  proves  nothing,  for  the  question  is  not  can  he,  but  should  he  so  deprive 
himself.  Are  instincts  and  customs  wrong,  and  is  Chittenden  right?.  That 
is  the  question.  To  answer  it  many  studies  have  been  made  of  the  con- 
dition of  peoples  who  for  economic  or  other  reasons  are  compelled  to  live  on 
less  protein  than  the  average.  Are  the^e  people  healthier,  less  prone  to  infec- 
tions and  degenerative  diseases,  and  more  efficient  mentally  than  others?  In 
such  studies  great  care  must  be  exercised  to  see  that  conditions  other  than  diet, 
such  as  climate,  exercise,  etc.,  are  proi)erly  controlled.  It  would  not,  for 
example,  be  fair  to  compare  the  mental  and  bodily  condition  of  peoples  living 
in  the  tropics  and  who  take  comparatively  little  ])rotein,  with  those  living  in 
temperate  zones,  who  consume  much  more,  .\fter  discounting  all  of  these 
other  factors,  it  has  been  quite  clearly  shown  that,  when  the  protein  allowance 
is  materially  reduced,  the  people  as  a  whole  are  less  robust,  mental! v  inferior 
and,  instead  of  being  less  prone  to  the  very  diseases  which  are  usually  supposed 
to  be  due  to  overloading  of  the  organism  witli  useless  excretory  prcjducts,  they 
are  more  liable  to  suffer  from  them.  That  a  considerable  reduction  in  ])roiein 
weakens  the  defense  of  the  organism  against  infection  is  ])robably  duo  to  the 
fact  that  the  fluids  of  the  body  normally  contain  a  great  \aricty  of  so  railed 
antibodies,  that  is,  of  highly  com])lex  substances  that  are  largel\-  protein  in 
nature.  \\  hen  baclcria,  oi"  the  jioisons  produced  ly  them,  enter  the  iiody.  they 
are  met  by  one  or  more  of  these  defense  substances  and  deslroyiMl  oi-  neulrali/ed. 
Now  it  is  clear  that  there  should  always  be  a  surplus  of  protein  lahlding 
materials  from  which  these  antibodies  may  be  constructed.  vSuch  an  excess 
will  constitute  a  "factor  of  safety"  against  disease.  \\m\  there  are  factors  of 
safety  of  another  nature  to  be  produced,  two  of  which  w  i-  are  in  a  position  to 
appreciate.      In   the   first   place,   there  must   always   he   an    ade(|uate    >upply    of 
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tryptophan,  of  lysin,  and  of  cystin,  not  only  to  meet  the  bare  necessities  of 
the  protein  constructive  processes  that  go  on  vmder  normal  conditions,  but 
also  to  make  good  the  larger  amount  of  protein  wear  and  tear  that  greater 
degrees  of  tissue  activity  will  entail.  Although  moderate  muscular  exercise 
does  not  appear  to  cause  any  immediate  consumption  of  protein  (carbohydrate 
and,  later,  fat  being  the  fuel  material  used  to  produce  it),  yet  it  does  throw 
a  greater  strain  on  the  tissues,  a  greater  wear  and  tear  of  the  machiner}^  and 
hence  a  demand  for  more  protein  building  material.  In  the  second  place,  there 
arc  certain  of  the  internal  secretions  of  the  body,  such  as  epinephrin  (ad- 
renalin), which  are  essential  for  life,  and  as  crude  materials  for  the  manufacture 
of  which  certain  amino  acids  are  essential.  Tyrosin  is  one  of  these,  and  since, 
as  we  have  seen,  proteins  differ  from  one  another  quite  considerably  in  the 
amiount  of  this  amino  acid  which  they  contain,  it  is  advisable  to  provide  an 
excess  so  that  an  adequate  supply  of  tyrosin  may  always  be  available. 

The  answer  to  one  of  the  most  important  practical  questions  in  dietetics, 
namely,  "What  proportion  of  protein  should  the  diet  contain?"  depends  on 
these  scientific  principles.  The  source  of  the  protein  is  the  important  thing. 
With  animal  protein  there  is  no  doubt  that  we  could  get  along  with  perfect 
safety  by  taking  daily  not  more  than  50  to  60  grams,  which  is  about  half  of 
what  we  actually  take.  If  the  protein  be  of  vegetable  origin  and  of  the  first 
quality,  such  as  is  contained  in  wheat  and  maize  preparations,  more  should  be 
taken,  because  of  the  fact  that  the  protein  in  these  cereals  is  only  half  of  the 
first  quality.  When  vegetable  proteins  of  the  second  quality,  such  as  those 
of  peas,  beans,  lentils,  etc.,  are  alone  available,  much  larger  amounts  are  nec- 
essary. Such  proteins  are  inadequate  in  the  case  of  growing  children  at  least, 
and  even  in  adults  it  is  undoubtedly  advisable  that  other  proteins  should  sup- 
plement them. 

To  insure  safety,  therefore,  it  is  almost  imperative  that  the  diet  should 
contain  proteins  of  various  sources.  If  for  economic  reasons  the  main  source 
must  be  proteins  of  vegetable  origin,  then  some  animal  protein,  such  as  is  con- 
tained in  milk  or  meat  or  eggs,  should  be  added  to  at  least  one  of  the  daily 
meals.  Thus,  when  peas  and  beans  are  mainly  depended'  on  for  the  protein 
supply,  they  should  be  taken  either  with  milk  or  one  of  its  preparations,  or  with 
a  thick  gravy  or  sauce  made  from  meat  and  containing  the  finely  minced  meat. 
This  must  not  be  strained  off,  for  if  it  is,  the  sauce  will  contain  only  the  meat 
extractives  but  not  any  of  the  protein,  for  these  are  coagulated  by  the  boiling 
water.  Meat  extract,  in  other  w^ords,  contains  no  proteins ;  it  is  not  a  food 
but  merely  a  condiment  of  no  greater  dietetic  value  than  tea  or  coffee. 

The  question  has  been  asked,  "What  should  we  take  in  place  of  meat  if 
one  or  two  meatless  days  have  to  be  introduced  in  order  to  conserve  the  food 
supply?"  The  answer  is  that  milk  and  eggs  will  completely  make  good  the 
deficiency,  or  if  these  also  be  unavailable,  then  the  taking  of  a  more  liberal 
supply  of  wheat  or  maize  preparations  will  be  satisfactory.  Protein  deficiency 
for  one  or  two  days  a  week  could,  however,  scarcely  entail  any  risk  to  health 
provided  the  usual  allowance  of  animal  protein  or  of  first  quality  vegetable 
protein  be  allowed  on  the  other  days.  The  value  of  potato  protein  should  be 
remembered  in  this  connection.     In  any  case  the  attempt  should  always  be  made 
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to  give  a  variety  of  proteins.  That  the  animal  economy  prefers,  if  it  does  not 
demand,  such  a  mixture  even  if  the  best  varieties  of  protein  is  indicated  by  the 
fact  that  milk,  the  perfect  food  for  early  growth  and  development,  contains 
two   such  proteins — casein  and  albumin. 

Regarding  the  relative  quantities  of  fats  and  carbohydrates,  the  usually 
accepted  figures  are:  fat,  80  grams  (3  oz.)  ;  carbohydrates,  400  grams  (14  oz.)  ; 
that  is,  a  ratio  of  1  to  5. 

Even  when  the  calories  and  the  protein  are  correct,  the  diet  may  be  in- 
efficient because  of  absence  of  minute  quantities  of  peculiar  substances  of  un- 
known composition.  These  have  been  called  vitamines,  but  this  is  a  most 
unfortunate  name,  since  an  amine  is  a  well  characterized  chemical  substance, 
whereas  these  "accessory  food  factors,"  as  they  are  better  called,  are  not. 
Failure  of  nutrition  ciue  to  the  absence  of  accessory  food  factors  is  really  no 
recent  discovery.  It  was  known  to  sailors  in  the  bygone  days  of  sailing  vessels 
that  despite  a  liberal  allowance  of  well-mixed  preserved  food,  a  long  voyage 
was  almost  certain  to  lead  to  the  development  of  ill  health,  despondency,  and 
incapacity  for  work,  or  perhaps  of  the  disease,  scurvy,  itself.  The  discovery 
was,  however,  made  by  the  famous  Captian  Cook  that  this  unhealthy  condition 
of  his  sailors  could  be  relieved  by  compelling  them  whenever  possible  to  go 
ashore  and  eat  of  the  fresh  foods,  either  animal  or  vegetable,  that  might  be 
available.  It  was  perfectly  clear  that  such  foods  contained  something  of  great 
benefit  to  health  that  was  lacking  in  the  ship's  galley.  The  giving  of  orange 
or  lemon  juice  in  certain  cases  of  malnutrition  in  children  has  also  been  known 
for  some  time  in  medical  practice,  but  the  impetus  to  a  more  searching  in- 
vestigation of  the  nature  of  these  unknown  accessory  food  factors  was  given 
by  the  discoven-  that  the  curious  disease  called  beriberi,  often  observed  in 
certain  tropical  countries,  was  associated  with  the  taking  of  polished  rice  in 
place  of  the  less  popular  grain  still  having  some  of  the  husk  attached.  This 
observation  led  to  a  systematic  investigation  of  the  association  between  this 
and  the  analogous  disease  which  develops  in  pigeons  when  these  birds  are 
fed  exclusively  on  polished  rice.  It  is  found  that  the  addition  to  the  polished 
rice  of  an  alcoholic  extract  of  the  hu.sks  very  promptly  removed  the  symptoms, 
and  that  other  things  like  yeast  had  a  similar  efifect.  Several  investigators  at- 
tempted to  isolate  this  vitamine,  as  they  called  il,  in  pure  condition,  and  thus  deter- 
mine its  exact  chemical  composition,  but  with  little  success.  Among  the  most 
careful  of  these  investigations  are  those  of  McCollum,  who  has  come  to  the  con- 
clusion that  there  are  at  least  two  accessory  factors  concerned,  one  of  them  soluble 
in  fat  and  present  in  adequate  amount  in  butter  and  other  animal  fats,  but  not 
in  vegetable  f)ils,  and  the  other  soluble  in  water  and  present  in  wheat,  vegetables, 
fruits,  etc.  Milk  contains  lioth  of  these  factors,  so  that  its  inclusion  in  a  diet 
is  a  safeguard,  not  (jnly  against  inadecjuacy  in  suitable  protein,  but  also  against 
the  absence  of  accessor)'  food  factors.  There  is  little  danger  of  the  diet  being 
ina(le(|uale  with  regard  to  food  factors  if  it  tdntain  some  fruits  or  green 
vegetables  or  imheated  fresh  milk.  The  food  I'actors  are  destroyed  iiv  pro- 
longed cooking. 

Digestibility  and  I'al  at  ability. — No  matter  how  i)erfect  in  calories,  protein, 
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and  accessory  food  factors  a  diet  may  be,  it  will  fall  short  of  being  really 
adequate  if  it  is  not  properly  assimilated.  It  is  the  function  of  the  digestive 
apparatus  lo  break  up  the  highly  complex  molecules  of  protein,  fat,  and  car- 
bohydrate sufficiently  to  permit  them  to  pass  through  the  lining  membrane  of 
the  intestine  into  the  blood  and  lymph.  This  disintegration  is  efifected  by  the 
digestive  fermenis  which  are  contained  in  the  digestive  juices.  Of  these,  saliva, 
the  gastric  juice,  and  the  pancreatic  juice  are  best  known.  In  the  cases  of 
protein  and  carbohydrate,  the  activities  of  the  ferments  are  interdependent,  in 
the  sense  that  the  foodstuff  must  be  acted  on  by  the  ferments  in  a  definite 
order.  One  ferment  prepares  the  foodstufi  for  the  action  of  the  next.  Without 
this  preliminar}'  treatment  the  second  ferment  can  not  properly  unfold  its 
action.  The  conditions  are  like  those  existing  in  a  factory  where  the  products 
of  one  department  are  further  worked  up  in  another,  which  then  hands 
on  its  product  to  a  third  and  so  on. 

These  facts  indicate  that  for  efficient  digestion  it  is  essential  that  the  initial 
digestive  juice  be  secreted  in  proper  amount  and  at  the  proper  time.  The 
first  digestive  ferment  which  acts  on  protein  is  the  pepsin  of  gastric  juice. 
A  fundamental  question  in  dietetics  is :  On  A\hat  does  the  secretion  of  this 
juice  depend?  The  answer  is:  On  the  gratification  of  appetite.  No  one,  judg- 
ing from  his  own  experience,  will  probably  deny  the  correctness  of  this  answer, 
for  we  all  know  that  unappetizing  food  is  likely  to  be  followed  by  a  sense  of  gas- 
tric discomfort,  if  not  by  symptoms  of  indigestion.  Are  there,  however,  any 
scientific  observations  from  which  the  true  value  of  this  factor  in  the  initi- 
ation of  the  digestive  process  can  be  appraised?  Thanks  to  the  brilliant  work 
of  the  great  Russian  physiologist,  Pavlov,  we  have  such  information.  Pavlov's 
experiments  were  made  on  dogs,  but  the  results  have  been  shown,  particularly 
by  Carlson,  to  be  very  similar  in  the  case  of  man.  The  observations  were 
made  on  animals  in  which  an  artificial  opening  or  fistula  had  been  made  into 
the  stomach.  Through  this  fistula  the  secretion  of  gastric  juice  could  be 
observed,  and  it  was  found  that  very  shortly  after  taking  some  savory  food  by 
the  mouth,  a  copious  secretion  of  gastric  juice  was  set  up,  and  that  this 
occurred  even  although  the  food  after  being  swallowed  was  prevented  from 
entering  the  stomach,  by  making  a  fistula  in  the  esophagus.  The  experiment 
is  called  "sham  feeding."  Not  only  this,  but  a  hungry  animal  would  secrete 
the  gastric  juice  even  although  the  food  was  not  actually  placed  in  the  mouth 
but  merely  offered  to  it.  The  anticipation  of  an  appetizing  meal,  as  well  as  the 
gratification  of  receiving  it,  can  set  up  the  flow.  It  is  called  the  psychic  or 
appetite  juice.  If  the  animal  were  not  hungry  or  had  no  appetite  for  the  par- 
ticular  food,  no  juice  was  observed  to   flow. 

The  pepsin  in  this  i)sychic  juice  sets  the  ball  of  protein  digestion  rolling. 
Once  started,  this  process  goes  on  automatically,  because  the  digestive  products 
produced  by  the  appetite  juice  have  the  power  of  directly  stimulating  the  gas- 
tric glands  to  further  activity,  and  when  the  food  has  been  digested  to  a  some- 
what further  stage,  the  stomach  delivers  its  contents,  in  small  quantities  at  a 
time,  into  the  beginning  of  the  intestine,  where  by  again  acting  directly  on  the 
lining  membrane  it  excites  the  flow  of  pancreatic  juice,  a  ferment  of  which, 
iiamely,    trypsin,   carries   the   digestion   to    still    another   stage,    until    finally    the 


ECONOMIC    READJUSTMENT    OF    DIETARIES  759 

protein  molecule  is  sulficientl}.'  broken  up  to  be  attacked  by  the  ferment  crcpsin 
present  in  the  intestinal  juice  and  intestinal  mucosa.  The  whole  process,  there- 
fore, depends  for  its  proper  accomplishment  on  the  appetite  juice.  It  is  like  a 
fire:  the  psychic  juice  is  the  kindling  material;  when  it  is  ignited,  the  com- 
bustion goes  on  automatically,  one  stage  leading  to  the  next.  Some  substances, 
such  as  the  so-called  extractives  of  meat,  act  like  partially  digested  protein  in 
directly  stimulating  the  secretion  of  gastric  juice. 

W'e  have  seen  that  practical  dietetics  depends  on  se\eral  factors,  the  exact 
relative  importance  of  which  can  not  perhaps  in  every  case  be  gauged,  but 
preparation  of  the  food  so  as  to  make  it  appetizing,  must  undoubtedly  rank  high. 
The  importance  of  good  cooking  \vill  now  be  apparent.  It  is  the  act  of  making 
food  appetizing  and,  therefore,  digestible.  It  is  really  the  first  stage  in  diges- 
tion, the  stage  that  we  can  control  and  one  therefore  to  which  much  attention 
must  be  given,  especially  when  it  becomes  necessary  to  make  attractive  articles 
of  diet  ordinarily  considered  common  and  cheap.  Most  people  can  cook  a  beef- 
steak or  a  lamb  chop  so  as  to  make  it  reasonably  appetizing,  but  few  can  take 
the  cheaper  cuts  of  meat  and  convert  them  into  cooked  dishes  that  are  as 
popular  and  attractive.  There  are  still  fewer  who  can  take  the  left-overs  and 
trimmings  and  convert  them  in  the  same  way.  This  is  the  real  art  of  cooking, 
and  too  much  encouragement  can  not  be  given  to  the  effort  which  our  cooking 
experts  are  making  to  show  people  how  these  things  can  be  done.  The  waste 
of  good  food  in  a  large  city  is  appalling.  An  army  could  live  off  our  garbage 
cans.  I  need  not  dwell  on  this  most  important  phase  of  the  food  conservation 
problem.  I  would  only  add  that  every  housewife  who  desires  to  do  her  "bit" 
in  the  present  emergency  can  do  so  in  no  way  better  than  by  learning  to  use  all 
the  odds  and  ends  of  the  kitchen  in  such  a  way  that  they  can  be  offered  as 
appetizing  food  to  her  household.  It  is  worse  than  useless  to  dish  things  up 
unattractivel}',   for  under  such   circumstances  food  becomes  poison. 

Cooking  has  other  advantages  than  making  the  food  appetizing.  The  heat 
lo(>sens  the  muscle  fibers  of  the  meat  so  that  it  is  more  readily  masticated  ;  it 
destroys  microorganisms  and  parasites  in  the  meat ;  it  destroys  antibodies  which 
might  interfere  with  the  action  of  the  digestive  ferments.  Thus,  raw  white 
of  egg  is  not  digested  in  the  stomach  because  it  contains  one  of  the  antibodies 
which  prevent  the  pepsin  from  acting  on  it.  Boiled  egg  white,  if  properly 
chewed,  is  digested,  and  whipping  the  egg  white  into  foam  partly  destroys 
the  inhibiting  substance. 

Before  concluding,  something  should  be  said  aboul  the  laxative  qualities 
of  food,  for  it  is  often  in  this  particular  alone  that  one  food  is  more  satisfactory 
than  another.  A  diet  of  meat,  milk,  eggs,  and  white  bread  is  apt  to  be  unphysi- 
ologic  because  there  is  nothing  in  it  to  '^crx  e  as  wjial  li.is  l)een  called  intestinal 
ballast,  vhat  is,  a  material  which  will  keep  tiie  intestines  sufficiently  filled  to 
stimulate  their  muscular  movements.  This  ballast  is  best  furnished  in  the 
shape  of  cellulose,  the  most  imitortant  constituent  of  green  food.  Peas,  beans, 
cabbage,  salad,  and  many  fruits,  especialh-  apples,  should  always  occupy  a 
place  in  the  daily  menu.  Another  valuable  fixxl  yielding  tlii>  b;illa>t  is  the 
outer  grain  of  wheat,  oats,  etc.  So  much  must  not  be  taken  as  to  produce  a 
constant  intestinal  irritation,  and  each  pe^^()n  must  <U-teiniinc  for  liimsi-lt'  wlicre 
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this  limit  lies.     The  difference  between  various  breads  is  almost  entirely  in  the 
degree  to  which  they  supply  ballast. 

APPENDIX. 

It  will  be  remarked  that  nothing  is  said  in  the  foregoing  article  concerning  the  methods 
by  which  a  given  diet  can  be  composed  so  as  to  supply  the  required  number  of  calories.  This 
is  a  detail  which  could  be  adequately  discussed  only  by  reference  to  extensive  diet  tables,  the 
publication  of  which  is  unnecessary  here.  It  may  help  if  we  give  some  rough  and  ready 
rules  b}'  which  such  tables  may  be  satisfactorily  used.  As  a  type  of  diet  table  take  the  fol- 
lowing : 


PROTEIN 

FAT 

CARBOHYDRATE 

CALORIES 

POOD 

PER  CENT 

PER  CENT 

PER  CENT 

PER  LB. 

Average  of  beef,  veal,  and  mutton 

14.5 

16.1 

913 

Pork 

12 

29.8 

1477 

Bacon 

9.5 

59.4 

2685 

Fish  (general  average) 

10.9 

2.4 

295 

Eggs    (2  oz.  in  shell) 

11.9 

9.3 

613 

Milk  (whole) 

3.3 

4 

5" 

322 

Cream   (average) 

2.5 

18.5 

4.5 

908 

Butter 

10. 

8.3 

3510 

Cheese 

25.2 

33.7 

2.4 

1950 

Bread   (average) 

9.2 

1.3 

53.1 

1215 

Rice 

7.4 

0.4 

79.2 

1620 

Legumes    (dried   average) 

2.4 

1.7-2.3 

54 

1500 

Potatoes 

1.8 

0.1 

14.7 

310 

Green  vegetables 

1.4 

0.2 

4.8 

145 

Fruit  (average) 

0.4 

0.5 

8. 

(Mc 

180 

Killop) 

Having  decided  how  many  calories  a  day  is  required  according  to  the  principles  laid 
down  on  page  747,  proceed  to  weigh  out  each  of  the  articles  of  food  that  it  has  been  cus- 
tomary for  the  person  or  persons  to  take.  If  the  calories  do  not  correspond  to  the  required 
number,  add  or  subtract  a  proper  amount  of  one  or  more  foodstuffs,  using  the  figures  in  the 
fourth  column  of  the  table  for  this  purpose.  Having  adjusted  the  food  allowance  according 
to  calories,  proceed  to  see  whether  there  is  sufficient  protein  according  to  column  1  and  the 
principles  explained  on  page  756.  The  simplest  way  to  do  this  is,  first,  to  multiply  the  num- 
ber of  ounces  of  each  foodstuff  used  by  28.4  (grams  to  an  ounce),  and  then  by  the  percentage 
figure  given  in  the  first  column.  The  product  divided  by  100  gives  the  grams  of  protein. 
Finally  calculate  by  the  same  method  the  grams  of  carbohydrate  and  fat,  and  see  that  they 
bear  the  ratio  to  each  other  of  about  4  to  1. 

Finally,  it  should  be  remembered  that  the  above  requirements  refer  to  foodstuffs  actually 
digested.  In  the  case  of  protein,  10  per  cent  is  usually  subtracted  from  the  crude  protein 
in  arriving  at  this  figure.  For  fats  and  carbohydrates  the  figure  is  quite  variable.  The 
figures  in  the  above  table  are  also  for  raw  materials.  Where  there  is  evident  loss  in  cooking, 
proper  allowance  must,  of  course,  be  made. 
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CHEESE  POISONING     A  TOXICOGENIC  BACILLUS  ISOLATED 

FROM   CHEESE* 


By  WiLijAM  Levin,  M.S.P.H.,  Ann  Arboe,  Mich. 


HISTORICAL   INTRODUCTION. 

CHEESE  poisoning,  according  to  Husemann/  was  already  known  in  North 
Germany  in  the  sixteenth  century.  Christison,-  in  his  "Treatise  on  Poi- 
sons," stated:  "During  the  third  quarter  of  the  last  century  (eighteenth)  this 
kind  of  poisoning  was  so  common  that  several  of  the  German  states  investi- 
gated the  subject,  and  legislative  enactments  were  passed  in  consequence.  For 
a  long  time  the  prevalent  belief  w^as  that  the  cheese  acquired  an  impregnation 
from  copper  vessels  used  in  the  dairies,  and  accordingly  the  Austrian,  Wirtem- 
berg,  and  Ratesberg  states  prohibited  the  use  of  copper  for  such  purposes. 
This  opinion  was  proved  by  chemical  analysis  to  be  untenable."  Morgagni^  men- 
tions arsenic  as  the  cause  of  cheese  poisoning.  Later  investigators  ascribed  the 
poisonous  properties  to  lead,  zinc,  and  mercury. 

Early  in  the  nineteenth  century  the  experimental  method  of  inquiry  was 
begun;  and  although  it  was  not  until  the  latter  half  of  the  century  that  the  cause 
was  definitely  established,  the  w^ork  done  in  the  interim  was  of  value  from  the 
negative  point  of  view.  Hunnefeld,*  in  1827,  analyzed  poisonous  cheese  and 
experimented  with  extracts  upon  the  lower  animals.  He  considered  the  active 
poisoning  agents  to  be  sebacic  and  caseic  acids.  "About  the  same  time,  Ser- 
tiirner,  making  analyses  of  poisonous  cheese  for  Westrumb,  also  traced  the  poi- 
sonous principles,  as  he  supposed,  to  these  fatty  acids. "^  This  view  was  adhered 
to  by  succeeding  investigators  until  1852,  when  Schlossberger  proved  conclu- 
sively that  the  fatty  acids,  in  a  pure  state,  were  devoid  of  ])oisonous  properties. 

In  the  years  1883  and  1884  there  were  reported  to  the  Michigan  State 
IJoard  of  Health  about  three  hundred  cases  of  cheese  poi.soning.  Vaughan,^ 
working  on  the  cheese  sent  to  him  for  analysis,  was  able  to  isolate  a  ])tomaine, 
called  by  him  tyrotoxicon,  which  he  considered  the  active  agent  in  the  poison- 
ous cheese.  His  work  was  corroborated  by  Wallace'  in  1887,  by  Wesener  and 
Rossman^  in  1898,  and  by  Newman^  in  1902.  Lepierre,^"  in  1894,  isolated  a 
base  having  the  formula  Ci,,H24N204  from  poisonous  cheese.  Dokkum.'^  in 
1895,  isolated  a  base,  a  currare-like  poi.son,  from  putrefactive  cheese,  which  he 
called  tyroxin.  Recently  (1910)  Spica^-  obtained  a  toxic  extract,  of  unknown 
chemical  composition,   from  ])oisonous  cheese. 

From  the  work  of  these  men  it  is  eviilent  that  they  considered  cheese  poi- 
soning an  int(jxication.  In  classifying  the  various  bases  obtained  from  p(M- 
sonous  cheese  with  the  ptomaines,  they  moreo\er  .idiuilU'd  llie  poisoning  to  be 
primarily  due  to  bacterial  actixiiy.  I'or  a  ptomaine,  according  to  \  aughan  and 
Xovy,''  "may  be  defined  as  an  organic  chemical  compound,  basic  in  ciiaracter, 
and   formed   by   the  action   oi  bacteria   on    nitrogenous   matter."     Tlie   (juestion 

*A  dissertation  siitimittefl  in  iiarti;il  fnllillnu-nt  of  tlu-  ri(|uirotncnts  f()r  llie  iliRicc  i)f  Hoc-tor  of  l'ul)lic 
Health  in   tlie   University  of  MicliiKJin. 
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then  arose :  "Can  pathogenic  or  toxicogenic  bacteria  be  shown  to  be  present  in 
poisonous  cheese?" 

Bacterial  analysis  of  poisonous  cheese  had  already  been  undertaken  by 
Sternberg,  at  the  request  of  the  Michigan  State  Board  of  Health  in  1884.  In 
his  report^*  to  that  body  he  stated  that  he  found  "micrococci  in  the  fluid  of  the 
cavities  of  the  cheese."  Subcutaneous  injections  of  the  pure  cultures  into  rab- 
bits were  without  effect.  He  concluded :  "It  seems  not  improbable  that  the  poi- 
sonous principle  is  a  ]:)toma'ine  developed  in  the  cheese  as  a  result  of  the  vital 
activity  of  the  above  mentioned  micrococcus,  or  of  some  other  microorganism 
which  had  preceded  it,  and  had  perhaps  been  killed  by  its  own  poisonous 
products." 

Novy,^^  in  1890,  isolated  an  organism  from  poisonous  cheese  which,  when 
inoculated  in  milk  and  kept  in  the  incubator,  was  fatal  to  cats.  Vaughan  and 
Perkins, ^^  in  1895,  isolated  a  toxicogenic  bacillus  from  cheese  which  had  proved 
poisonous  to  twelve  persons.  Their  bacillus  belonged  to  the  colon  group. 
Holst,^"  a  year  later,  described  a  colon-like  bacillus  which  he  had  obtained  from 
poisonous  cheese.  Fonteyne,"'*  in  1908,  obtained  a  Gram-positive,  pathogenic 
bacillus  from  a  sample  of  cheese  which  had  caused  a  gastrointestinal  epidemic 
at  Meirelbeke  among  forty  persons.  Kiihl,^®  in  1913,  working  with  a  cheese 
that  had  caused  poisoning  to  about  fourteen  persons,  isolated  a  pathogenic  or- 
ganism which  he  considered  similar  to  the  Escherich  lactis  aerogenes  bacillus. 
In  all  these  cases  it  was  demonstrated  by  animal  experimentation  that  the  or- 
ganism isolated  caused' the  poisoning.  Vaughan  and  Perkins  were  able  to  show 
that  their  organism  formed  a  soluble  poison,  as  sterile  filtrates  of  their  cultures, 
when  injected  intraperitoneally,  into  guinea  pigs,  caused  death.  In  the  other 
cases  of  cheese  poisoning  from  bacterial  activity  no  studies  were  made,  or  at 
least  reported,  upon  the  toxicogenic  properties  of  the  organism. 

An  outbreak  of  cheese  poisoniijg  among  several  members  of  a  family  in 
Kalamazoo,  Michigan,  offered  the  opportunity  to  investigate  and  study  the 
cause  of  tiie  poisoning.  The  results  of  this  investigation  are  embodied  in  this 
report. 

HISTORY    OF   THE   CASES. 

Mr.  and  Mrs.  B.  W.  M.  and  family  of  four  children,  of  Kalamazoo,  Mich- 
igan, on  June  20,  1916,  were  taken  seriously  ill  several  hours  after  having  eaten 
supper,  which  had  included  American  cheese.  Dr.  W.  S.  Tomkinson,  who  was 
called  in,  sent  a  sample  of  the  cheese,  of  about  100  grams,  and  a  history  of  the 
case  to  the  Hygienic  Laboratory  of  the  University  of  Michigan.  His  report 
follows : 

"Case  1.  Mr.  B.  W.  M.,  osteopath,  ate  supper,  including  limburger  cheese,  about  6  p.m. 
At  12  P.M.  purging;  vomiting;  face  pale,  muscles  trembly;  eyes  dilated;  pulse  110,  irregular. 
Vomitus  thin,  reddish  color  with  small  chunks  of  cheese  and  undigested  meat.  12:10  a.m. 
gave  tablespoonful  magnesium  sulphate  in  5  ii  hot  water.  Purging  profuse.  O.  K.  at  3  a.m. 
with  painful  abdomen  and  hypothorax. 

"Case  2.  Mrs.  B.  W.  M.  Same  as  Case  1.  Pulse  100,  irregular;  weak.  12  p.m.,  vomit- 
ing and  straining,  with  flushed  face.  No  purging.  12:10  gave  magnesium  sulphate  table- 
spoonful  to  S  ii  hot  water.  Vomited  immediately.  Repeated  dose ;  vomited  in  five  minutes. 
Patient  grew  worse  and  rolled  on  floor  with  stomach  cramps.  Gave  S  i  ep.'■^om  salts  to 
pint  of  hot  water  with  immediate  results  and  relief.     O.  K.  3  a.m. 

"Case  3.     Oldest  lioy,  age   11  years.     Was   feeling  better  when   I  reached   house  at   12 
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midnight  after  purging  and  vomiting.  Epsom  salts  cleaned  out  bowels  thoroughly  and 
gave  relief. 

"Case  4.  Girl,  age  8  years.  At  6  p.m.  ate!  heartily  of  cheese.  12  p.m.,  vomiting. 
Mother  gave  2  3  castor  oil.  Girl  quieted  down  and  went  to  sleep.  At  12  :20  I  woke  her 
up  and  found  she  had  a  chill.  Cold  sweat.  Pulse  slow,  irregular.  She  was  weak  and 
trembly.  Eyes  dilated,  face  pale,  cyanotic.  Said  she  felt  all  right,  but  was  cold  and 
wanted  to  be  covered  up  and  go  to  sleep  again.  Gave  5  ss  magnesium  sulphate  which 
was  throw'n  out  of  stomach  with  such  force  it  struck  opposite  wall  three  feet  away.  Alany 
small  chunks  of  cheese  in  voniitus.  Washed  out  stomach  with  warm  water  which  returned 
tinged  red.  Repeated  epsom  salts  5  ss,  water  5  ii,  which  started  purging  w'lth  relief.  Pa- 
tient O.  K.  and  asleep  at  2  a.^i.     Pulse  weak,  rapid,  but  regular.     Color  returned  to   face. 

"Case  5.  Boy,  age  6  3ears.  Asleep  at  midnight  was  awakened  and  took  epsom  salts  B  ss, 
hot  water  5  ii,  and  immediately  fell  asleep  again.  Slept  20  minutes,  after  which  purged 
out  thoroughly.  Pulse  60,  slow,  very  irregular.  Pupils  dilated,  face  cyanotic,  cold  sweat. 
Not  in  as  much  pain  as  rest.  After  purging  thoroughly — face  flushed — went  back  to  bed 
feeling  comfortable.     O.  K.  3  .\.m. 

"Case  6.  Paby  Icy,  Fge  16  months.  Ate  sparingly.  Gave  magnesium  sulphate  B  ss, 
hot  water  5  ii,  and  put  to  bed.  Slight  cramps ;  free  bowel  movement.  No  vomiting. 
O.  K.  3  A.M. 

SYMPTOMS. 

The  symptoms  as  given  by  Tomkinson  are  those  of  known  cases  of  cheese 
poisoning, — a  fact  that  led  him  to  regard  his  cases  as  those  of  tyrotoxismus. 
As  a  rule,  the  symptoms  are  of  a  severer  character.  Early  observers-°'  ^^'  -- 
gave  these  symptoms  as  characteristic  of  cheese  poisoning:  chills,  paleness  of 
face,  severe  vomiting,  diarrhea,  marked  pains  in  stomach  and  intestines,  trem- 
bly limbs,  thirst  and  dizziness.  Pollius,-^  Wallace,'  and  Holst^'  mention  vomit- 
ing of  blood.  Fonteyne'®  stated  that  some  of  his  patients  passed  bloody  stools. 
At  times  marked  nervous  disturbances  may  occur,  as  in  a  case  cited  by 
Vaughan,^*'  where  a  patient  became  violently  delirious.  In  the  Michigan  epi- 
demic of  1883-1884-'*  the  symptoms  produced  by  poisonous  cheese  were:  dry- 
ness of  the  throat,  nausea,  vomiting,  diarrhea,  nervous  prostration,  headache, 
and  sometimes  double  vision. 

INCUBATION    PERIOD. 

Significant  and  important  is  the  interval  of  time  between  the  eating  of  the 
cheese  and  the  appearance  of  the  first  symptoms  of  poisoning, — an  interval 
which  must  be  regarded,  from  the  majority  of  cases,  as  an  incubation  ])eriod. 
'J'his  terminology  would  imply  that  cheese  poisoning  should  lie  regarded  not  as 
an  intoxication  but  rather  as  an  infection.  This  is,  indeed,  the  opinion  of  the 
present-day  investigators. 

The  incubation  period  in  tlie  cases  with  which  this  rejiort  is  coniXMiied  was. 
it  may  be  remembered,  si.x  hotu's.  It  would  be  reasonabU'  lo  assiune  ihal.  were 
we  dealing  with  an  intoxication,  the  symi)tom.>  would  ha\e  ai)i>eare(l  nuu  h  ear- 
lier. Instances  are  cited  in  tlie  literature''  -'"•  '-'  where  llu-  interval  ol  time  be 
tween  the  eating  and  the  ,'!p])earance  of  the  symptoms  was  from  (uu-  to  two 
hours.  VVestrumb-  mentioned  half  an  hour  inter\al.  in  the  .Michii;;ni  epidemic 
of  1883-1884  some  persons  were  taken  ill  t'roni  tltirtx  minutes  to  tour  hours 
after  eating.  In  such  cases  a  pi-eformc'd  puivon  ni.is  be  considered,  like  that  of 
Vaughan's    tyrotoxicon.      In    all    cases,    however,    where    b.uteria    were    isolale<l 
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from   poisonous   cheese,  the   interval  was   not   less   than  five   or   six   hours, — a 
period  amply  sufficient  for  bacterial  activity. 

DURATION    OF    SICKNESS. 

Prompt  treatment  by  the  attending  physician  resulted  in  a  rapid  recovery 
by  the  Kalamazoo  patients.  The  poisoning,  however,  to  which  these  people 
were  subjected,  was  not  so  marked  as  in  many  of  the  cases  cited  in  the  litera- 
ture. To  this  can  be  attributed  the  short  duration  of  their  sickness.  In- 
stances are  not  lacking  where  days  and  even  weeks  elapsed  before  the  recovery 
of  the  patients.  Thus  Grimm^°  stated  the  period  to  be  three  days ;  Pollius,^^ 
eight  to  twenty-four  hours;  Zenker,--  twenty-four  hours;  Wallace,'  three  days; 
Ehrhardt,-^  "a  long  convalescence ;"  Newman, °  forty-eight  hours ;  Hughes  and 
Healey,-*'  four  to  eight  days ;  Holst,^"  four  days  to  three  weeks ;  and  Kuhl,^° 
ten  days. 

M  ORTALITY. 

Deaths  through  cheese  poisoning  make  up  a  very  small  percentage  of  the 
total  number  of  cases.  In  the  Michigan  epidemic  no  fatalities  were  recorded. 
Ivochte-^  tabulated  eleven  fatal  cases  from  cheese  poisoning  up  to  1903.  Berg-^ 
mentions  a  fatal  case  occurring  in  1908. 

POSTMORTEM    APPEARANCE. 

Not  all  the  fatal  cases  gave  the  same  postmortem  pictures.  Hunnemann^ 
found  the  stomach  and  intestines  to  be  inflamed.  Cameron,-''  quoting  Holm's^'* 
postmortem  findings,  said  "There  was  extravasated  blood  in  the  lungs,  which 
were  slightly  congested ;  they  decrepitated.  The  left  ventricle  of  the  heart  con- 
tained liquid  blood;  the  right  auricle  and  two  left  cavities  contained  numerous 
soft  and  recent  clots.  The  stomach  and  other  abdominal  viscera  did  not  pre- 
sent any  abnormal  appearances  which  would  account  for  death."  Hughes  and 
Healey,-®  in  their  report  of  an  epidemic  of  gastroenteritis  attributed  to  cheese 
poisoning  (tyrotoxicon  having  been  found  in  the  cheese)  at  Aldershot,  Eng- 
land, in  1899,  gave  the  following  postmortem  appearances  in  three  fatal  cases: 
"Intense  congestion;  inflammation  and  edema  of  the  mucous  membrane  of  the 
stomach  and  small  intestines,  varying  in  degree  and  locality,  but  in  one  case  in- 
volving the  stomach  and  the  whole  of  the  small  intestine.  Peyer's  patches  were 
practically  unaffected,  but  the  solitary  glands  were  congested  and  prominent. 
There  was  no  ulceration  or  visible  entozoa  and  the  colon  was  unaffected.  In 
one  case  the  small  intestine  contained  loose  terra-cotta  colored  fecal  material. 
The  liver,  which  was  enlarged  (from  70  to  78  ounces)  and  bile-stained,  showed 
signs  of  fatty  degeneration.  The  gall  bladder  was  full  but  not  markedly  dis- 
tended. The  spleen  was  normal.  The  kidneys  were  enlarged  and  intensely  con- 
gested; the  capsule  was  nonadherent.  In  one  case  the  cortex  of  both  kidneys 
contained  small  cysts  filled  with  clear  fluid.  The  skin  and  other  tissues  were 
deeply  bile-stained.  The  lungs  were  congested  posteriorly.  The  thoracic  and 
abdominal  lymphatics  were  not  noticeably  enlarged."  .  Berg's  case-^  presented 
a  picture  of  cholera  nostras.  It  seems,  however,  that  in  many  cases  marked 
anatomical  changes  do  not  occur. 
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APPEARANCE   OF   THE    CHEESE. 

Tomkinson,  the  physician  attending  the  M.  family,  sent  a  sample  of  the 
cheese  and  also  of  the  meat  eaten  at  that  meal.  The  meat,  evidently  a  pork 
chop,  was  found  on  bacterial  examination,  to  contain  only  Bacillus  mesentericus 
vulgatus,  and  hence  was  dismissed  from  consideration  as  the  source  of  poison- 
ing. The  sample  of  cheese  was  of  about  100  grams  in  weight,  of  the  variety 
known  as  American  (wrongly  termed  Limburger  by  Tomkinson),  and  of  nor- 
mal appearance  and  odor.  This  normal  appearance  corroborates  the  state- 
ments of  many  investigators  that  the  cheeses  causing  poisoning  were  "seemingly 
in  excellent  condition. 

EXPERIMENTAL    WORK. 

Feeding  Experiments. — Experiments  were  conducted  with  a  view  of  deter- 
mining whether  poisoning  could  be  induced  in  laboratory  animals  by  feeding 
them  the  suspected  cheese. 

Table  I. 
Feeding  Suspected  Cheese. 


June  24, 

1916. 

Guinea  pig  No.  1,  220  gm.,  fed  10  gm.  cheese. 

No  effects. 

June  24, 

1916. 

Rats  No.  1  and  No.  2,  both  fed  5  gm.  cheese. 

No  effects. 

June  24. 

1916. 

Mice  No.  1  and  No.  2,  both  fed  5  gm.  cheese. 

No  effects. 

None  of  the  animals  fed  showed  the  least  symptoms  of  sickness.  This  was 
to  be  expected  in  view  of  similar  findings  by  other  authors.  Niickel,^^  in  1836. 
stated  that  a  dog  was  unaffected  eating  cheese  that  had  caused  marked  poison- 
ing in  a  man.  Pollius-^  claimed  to  have  observed  trembling  in  a  mouse  fed  with 
poisonous  cheese.  Holm^°  obtained  negative  results  in  his  feeding  experiments. 
Sternberg"  reported  negative  results  by  feeding  rats  and  dogs.  Vaughan  said,^^ 
'Tf  two  samples,  one  of  good,  the  other  of  poisonous  cheese,  were  placed  be- 
fore a  dog  or  cat,  the  animal  would  invariably  select  the  good  cheese ;  but  if 
only  poisonous  cheese  was  offered,  and  the  animal  was  hungry,  it  would  par- 
take freely.  A  cat  was  kept  seven  days  and  furnished  only  poisonous  cheese 
and  water.  It  ate  freely  of  the  cheese  and  manifested  no  untoward  symptoms. 
After  the  seven  days  the  animal  was  etherized  and  abdominal  section  was  made. 
Nothing  abnormal  could  be  found."  Holst^"  and  Kuhl^°  also  obtained  negative 
results  in  their  feeding  experiments. 

ALCOHOEIC    EXTRACTS   OE    CHEESE. 

After  remo\  ing  aseptically  a  portion  of  the  suspected  cheese  for  bacterial 
analysis  the  remainder,  65  grams,  was  chopped  up  finely  and  digested  with 
150  c.c.  absolute  alcohol  for  three  days  at  room  temperature.  It  was  then  fil- 
tered, the  filtrate  evaporated  to  dryness,  taken  up  in  50  c.c.  distilled  water, 
heated  on  a  water  bath,  and  filtered  into  a  weighed  dish.  On  evaporation  tf» 
dryness  a  residue  of  1.634  gm.  was  obtained.  This  was  then  taken  up  in  50  c.c. 
distilled  water,  and  portions  of  5  and  10  c.c.  each  were  injected,  intravenously, 
into  guinea  pigs.  The  animals  showed  no  symptoms  of  disturbance.  The  same 
procedure  with  the  sample  of  the  j^ork  cliop  also  ga\e  negative  results.  It  was 
concluded,  therefore,  that  no  alcohol-soluble  sul)staii(,-e  caused  the  poisoning. 
I      and  that  the  source  might  |)ossil)ly  be  Ir.-iced   if  a  li.iclerial  ;iiial\-^i-^  were  made. 
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ISOLATION    OF    THE    ORGANISM TECHNIC. 

With  a  sterilized  knife  a  section  of  cheese  was  cut  so  that  all  surfaces  were 
free  from  external  contamination.  This  was  then  placed  in  a  sterile  test  glass, 
physiological  salt  solution  added,  the  cheese  thoroughly  macerated  with  a  ster- 
ile rod,  and  the  resulting  suspension  filtered  through  a  sterile  cotton  filter. 
1  c.c.  portions  of  the  filtered  suspension  were  then  inoculated  into  glucose  gel- 
atin, milk,  and  bouillon  tubes,  and  the  latter  two  incubated  at  37°  C.  for  24 
hours.  A  layer  of  sterile  oil  to  about  a  quarter  of  an  inch  in  depth  was  put 
over  the  glucose  gelatin  and  these  tubes  incubated  at  room  temperature.  At  the 
end  of  24  hours  the  glucose  gelatin  showed  marked  gas  formation,  the  milk 
was  curdled,  and  the  bouillon  had  a  very  heavy  growth. 

From  these  three  different  media,  after  plating  on  agar  and  fishing  numer- 
ous colonies,  an  organism  was  isolated  which,  when  grown  in  milk,  proved  path- 
ogenic to  mice.  The  same  organism  was  isolated  from  glucose  agar  plates, 
grown  anaerobically  in  Novy  jars,  in  an  atmosphere  of  hydrogen  gas. 

MORPHOLOGY. 

The  organism  is  a  facultative  anaerobic  bacillus,  resembling  in  form  and 
dimensions  the  Bacillus  colon.  The  size  of  the  bacillus  varies  from  coccus-like 
forms  to  large  rods,  depending  upon  the  kind  and  age  of  the  media  in  which  it 
is  grown.  As  a  rule  its  length  is  about  three  times  its  width.  The  organism 
grows  singly  and  also  in  the  diplo  form.  Thread  formation  has  been  infre- 
quently observed.     It  does  not  form  spores. 


I 


MOTILITY. 

Depending  upon  the  media  and  the  conditions  of  growth  the  bacillus  may 
show  active  motility,  sluggish  motility,  or  even  marked  Brownian  movement. 
Table  II  shows  the  influence  of  the  kind  of  media  upon  the  size  and  motility  of 
the  organism. 

T.\BI,E    II. 

The  Influence  of  Media  Upon  Size  and  Motility. 


AGE 


MEDIUM 


SIZE 


MOTILITY 


24  hours  Bouillon  Small    rods ;    several    large 

rods 

24  hours  Agar  Small  rods 

12  hours  Agar  Coccus-like  bacilli 

24  hours  Lactose    hroth  Slender  rods,  many  large 

24  liours  Dextrose  broth  Phimp  rods,  some  very  long 

24  hours  Saccharose  broth  Small  rods 

24  hours  Milk  Small  rods 

12  hours  Milk  Small  rods 

24  hours  Uschinskv's  medium  Fairlv  long  rods 


24  hours         Bile    lactose 


Small    slender   rods 


Peritoneal   fluid    from    guinea        Small  plump  rods 
pig 


Actively  motile,  large  rods 
sluggishly   motile 

Actively   motile 

Motile 

Sluggishly  motile,  a  few  ac- 
tively 

Marked  Brownian  move- 
ment ;   few  slightly  motile 

x\ctively  motile  ;  many  show 
no  motility 

Activel}'   motile 

Motile 

Many  actively,  some  slug- 
gishly motile 

Marked  Brownian  move- 
ment 

Few  actively  motile ;  most 
marked  Brownian  move- 
ment 


cheese;  poisoning 
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STAINING    PROPERTIES. 

The  organism  takes  all  stains  readily.  With  Loeffler's  methylene  blue  the 
ends  of  the  bacillus  stain  a  dark  blue,  while  the  inner  portion  resembles  a  vac- 
uole. It  is  Gram-negative  and  not  acid-fast.  Smears  made  from  the  organs  of 
an  animal  killed  by  the  bacillus,  when  stained  according  to  the  Welch  method, 
show  the  organisms  to  have  capsule-like  bodies  around  them.  These,  however, 
could  never  be  verified  as  capsules. 

GROWTH    ON    GELATIN. 

On  gelatin  plates  the  colonies  are  usually  of  two  forms, — oval,  characteris- 
tic of  the  deep  colonies,  and  round,  with  irregular  borders,  characteristic  of  the 
surface  colonies.  Stabs  show  filiform  growths,  the  growth  being  best  at  top. 
The  gelatin  is  not  liquefied. 

GROWTH    ON    AGAR. 

The  surface  colonies  on  agar  plates  are  round,  with  regular  borders.  Dis- 
tinct concentric  rings  from  two  to  three  in  number  can  be  observed, — the  inner 
ring  being  darker.  The  deep  colonies  are  oval.  When  grown  on  glucose  agar 
plates,  large  bubbles  of  gas,  at  times  approaching  1.5  cm.  in  diameter,  are  formed. 
On  agar  slants  the  growth  is  abundant,  filiform,  and  glistening.  An  odor  is 
given  off  strongly  resembling  that  of  B.  coli  cultures.  No  pigment  formation 
has  been  observed.  On  Drigalski-Conradi  medium  it  forms  pink  colonies  sim- 
ilar to  B.  colon.  On  Endo  medium  the  colonies  are  red  with  the  characteristic 
metallic  caps  of  colon  colonies. 

GROWTH    ON    POTATO. 

The  growth  on  potato  is  noncharacteristic.  Depending  upon  the  reaction 
of  the  potato  the  growth  may  be  scanty  or  abundant — a  slightly  alkaline  reaction 
favoring  the  latter.  W'here  abundant,  it  is  of  a  slimy  consistency,  raised,  and  at 
times  spreading.     After  several  days  the  potato  becomes  more  or  less  browned. 

GROWTH    IN    NUTRIENT   BROTH. 

The  bacillus  grows  readily  and  rapidly  in  nutrient  broth,  distinct  clouding 
being  visible  in  as  short  a  period  as  three  hours.  A  slight  ring  forms  at  tb.e  sur- 
face, but  this  may,  at  times,  be  lacking.  Xo  pellicle  formation  takes  place.  The 
clouding  is  strong  at  the  end  of  twenty-four  hours.  On  standing  several  days 
a  flocculent  sediment  forms,  with  a  slight  clarification  of  the  culture.  The  odor 
here  again  resembles  that  of  a  B.  colon  culture.  In  sugar  broths  growth  is 
abundant,  with  formation  of  gas  and  acids. 

GROWTH    IN    Mll.K. 

When  first  isolated  the  bacillus  would  cunlle  milk  .it  the  end  of  about  four  to 
five  days.  The  curd  in  that  case  would  be  slimy,  .\fter  passage  through  many 
animals  (approximately  80),  the  organism  curdled  milk  in  forty-eight  hours,  and 
the  curd  was  distinct  from  the  whey.  Gas  bubbles  could  be  observed  at  the  sur- 
face of  the  culture,     'i'he  acidity  formed  \aried  from  0.2  per  cent  to  0..^  per  cent. 

GROWTH    ON   lU.OOD   SEKU.VI. 

On  this  medimn  the  organism  forms  a  moderate,  slightlx'  glistening,  filiform 
growth. 
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GROWTH    IN    USCHINSKY  S   SOLUTION. 

The  solution  was  similar  to  that  used  by  Vaughan  and  Perkins  and  was  made 
up  as  follows : 

Glycerine  40  parts 

NaCl 1  part 

CaClj    0. 1  part 

MgSO,  0.4  part 

K.HPO,     2.5  parts 

Ammonium  Lactate    6.0  parts 

Asparagin    3.4  parts 

Water   1000  parts 

The  bacillus  grew  copiously  in  this  solution.  In  Frankel's  modification  of 
Uschinsky's  medium  no  growth  was  observed  at  twenty-four  hours.  A  light 
growth  was  visible  at  forty-eight  hours,  which  increased  to  a  heavy  growth  at 
seventy-two  hours.  The  laboratory  strain  of  B.  colon,  and  a  strain  i.solated  from 
feces  also  showed  no  visible  growth  in  this  solution  at  twenty-four  hours,  while 
both  gave  good  growths  in  the  Uschinsky  medium  for  the  same  period.  This  is 
interesting  in  view  of  the  fact  that  Vaughan  and  Perkins  found  their  organism 
would  not  grow  in  Uschinsky's  medium  if  the  dipotassium  hydrogen  phosphate 
were  replaced  by  disodium  hydrogen  phosphate.  The  latter  salt,  as  can  be  seen 
from  the  following  formula,  was  used  in  Frankel's  medium  : 

Asparagin     4.0  gm. 

Ammonium  Lactate    6.0  gm. 

NaoHPO^    2.0  gm. 

NaCl    5.0  gm. 

Water    1000  c.c. 

TEMPERATURE  REQUIREMENTS. 

The  optimum  temperature  is  about  37°  C.  The  organism  grows  also  well  at 
room  temperature.  At  high  temperatures,  as  at  45°  to  50°  it  seems  to  lose  its 
power  of  fermenting  sugars.  It  grows  scantily  below  10°  C.  Cultures  grown  at 
37°  C.  appear  to  be  the  most  toxic. 

THERMAL  DEATH  POINT. 

The  thermal  death  point  of  the  organism  was  determined  by  both  the  moist 
and  dry  heat  methods,  using  silk  thread,  according  to  the  technic  employed  in  the 
Hygienic  Laboratory  of  the  University.  The  bacillus,  as  can  be  seen  from  the  fol- 
lowing tables,  although  withstanding  moist  heat  at  50°  C.  for  two  hours  is  readily 
killed  at  60°  C.    It  is  practically  nonresistant  to  dry  heat. 

Table  in. 
Thermal  Death  Point.    Moist  Heat. 


Time 

in 

V^ 

1 

2 

3 

5 

10 

15 

30 

45 

60 

120 

Minutes 

50°  C. 

+ 

+ 

s. 

+ 

+ 

55°  C. 

+ 

_ 

_ 

-■ 

- 

60°  C. 

+ 

_ 

_^ 

- 

_ 

_ 

70°  C. 

_ 

_ 

_ 

_ 

_ 

100°  C. 

- 

- 

- 

- 

- 
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Table  IV. 
Thermal  Death  Point.    Dry  Heat. 


Time 
in 

Minutes 

.5 

15 

30 

45 

60 

100°  C. 
120°  C. 
130°  C. 
150°  C. 

+ 

- 

- 

Controls  for  both  moist  and  dry  heat  =  +. 

FERMENTATION. 
Various  sugars  were  used  to  test  the  fermenting  property  of  the  organism  and 
also  to  differentiate  it  thereby,  if  possible,  from  the  colon  bacillus.  The  media 
used  were  2  per  cent  sugar  broths  neutral  to  phenolphthalein.  Before  inoculation 
the  tubes  were  allowed  to  stand  at  room  temperature  for  12  hours.  Two  colon 
strains  were  used  as  comparatives:  one,  the  laboratory  strain,  and  the  other,  a 
strain  isolated  from  feces.  Loopfuls  from  24  hours'  cultures  of  each  of  the  three 
organisms  were  inoculated  into  the  fermentation  tubes,  and  these  incubated  at 
37°  C.    Readings  were  taken  at  intervals  of  24,  48,  and  72  hours. 

For  convenience  the  bacillus  isolated  from  the  cheese  will  be  termed  Bacillus 
3B. 

Table  V. 
Fermentation  Comparatives.    Per  Cent  Gas. 


B.  colon  feces 


B.  colon  lab. 


BACILLUS    3b. 


Hours 

24 

48 

72 

24 

48 

72 

24 

48 

72 

Xylose 

10 

25 

30 

10 

25 

30 

20 

30 

30 

Arabinose 

15 

25 

30 

15 

30 

30 

15 

25 

25 

Dextrose 

30 

30 

30 

15 

15 

20 

25 

25 

25 

Mannose 

15 

15 

20 

20 

20 

25 

15 

lb 

20 

Galactose 

15 

15 

25 

15 

20 

20 

25 

25 

25 

Mannite 

50 

70 

70 

15 

30 

30 

40 

60 

60 

Dulcite 

_ 

_ 

10 

— 

30 

50 

5 

30 

40 

Lactose 

30 

40 

40 

30 

40 

40 

■    30 

40 

40 

Maltose 

10 

30 

30 

15 

40 

40 

15 

30 

30 

Saccharose 

_ 

_ 

_ 

5 

40 

40 

20 

25 

30 

RafTinose 

_ 

^ 

_ 

15 

50 

60 

10 

25 

30 

Inulin 

_ 

_ 

5 

- 

5 

5 

- 

- 

Dextrin 

10 

10 

15 

5 

10 

10 

5 

10 

10 

Starch 

- 

- 

- 

- 

5 

5 

- 

- 

- 

Glycogen 

- 

— 

- 

- 

- 

- 

- 

- 

. 

It  is  evident  that  the  fermentation  method  can  not  be  used  as  a  means  of  dis- 
tinction between  the  B. colon  and  bacillus  isolated  from  the  cheese.  The  latter 
readily  ferments  the  pentoses,  hexoses,  di-  and  trisaccharides.  Of  the  polysaccha- 
rides it  ferments  only  dextrin.  It  was  thought,  for  a  time,  that  its  nonfermenting 
of  inulin  might  be  of  help  in  distinguishing  it  from  B.  colon.  Further  comparative 
tests,  however,  showed  that  this  was  not  feasible,  since  the  laboratory  and  feces 
strains  did  not  always  ferment  it,  and  that  at  times  a  bubble  or  two  of  gas  would 
be  formed  in  tubes  inoculated  with  the  bacillus  from  the  cheese. 

With  the  exception  of  Vaughan  and  Perkins  other  investigators  did  not  at- 
tempt to  study  the  fermenting  proi)crties  of  their  organisms  to  any  great  extent. 
Holst^^  and  KithP*^  merely  report  that  their  organisms  fermented  lactose.  Fon- 
teyne^^  found  both  dextrose  and  lactose  to  be  nonfermented.  Vaughan  and  Per- 
kins^" showed  that  their  bacillus  fermented  dextrose,  lactose,  saccharose.  maltose> 
dextrin,  starch,  and  glycogen. 
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NITRATE   REDUCTION   AND   INDOL   FORMATION. 

The  bacillus  reduces  nitrates  to  nitrites,  but  to  a  smaller  degree  than  the 
colon  bacillus.  Using  the  same  strength  of  nitrate  solution  the  reduction  for  the 
Bacillus  3B  is  two-fifths  that  for  B.  colon.     It  also  forms  indol. 

PATHOGENICITY. 

A\  hen  first  isolated  the  bacillus  proved  to  be  pathogenic  to  mice  only.  In- 
jections of  the  original  cheese  suspension  into  guinea  pigs  and  rats  had  no  effects. 
One  c.c.  of  a  pure  culture  of  the  organism  grown  in  milk  killed  a  mouse,  when 
injected  intraperitoneally,  in  8^  hours.  The  organism  was  recovered  from  the 
heart  blood,  grown  in  milk,  and  again  injected  into  a  mouse.  The  mouse  died 
within  10  hours.  A  rat  injected  with  the  same  culture  (1  c.c.)  showed  symptoms 
of  being  unwell,  but  did  not  die.  After  passage  through  three  more  mice  the 
organism  had  increased  in  virulence  to  kill  a  rat.  A  guinea  pig  inoculated  with 
the  same  culture  that  killed  the  rat  was  unaffected. 

The  organism  was  then  passed  through  four  rats,  and  after  the  last  passage 
was  isolated  from  the  heart  blood,  plated  on  agar,  and  obtained  in  pure  culture. 
It  was  then  grown  in  milk  for  24  hours  at  37°  C.  and  1  c.c.  injected,  intraperi- 
toneally, into  a  guinea  pig.  Death  occurred  in  about  20  hours.  The  bacillus  was 
then  passed  through  two  successive  guinea  pigs  and  again  isolated  in  pure  culture. 
Owing  to  the  rush  of  other  work  the  agar  slant  was  left  in  the  incubator  (37°  C.) 
for  about  25  days ;  and  at  the  end  of  that  time  it  was  found  that  the  organism  had 
lost  its  fermenting  power  and  also  its  pathogenicity. 

It  was  thought  that  possibly,  owing  to  its  selective  media,  the  bacillus  would 
gain  in  virulence  by  repeated  transplanting  into  milk  or  lactose  broth.  Such  was, 
indeed;  the  case.  A  tube  of  lactose  broth  was  inoculated  with  the  organism  from 
the  stock  culture,  incubated  at  37°  C.  for  24  hours,  and  then  transplanted  into 
lactose  broth.  After  five  successive  transplants  the  organism  was  found  to  be 
again  pathogenic  to  guinea  pigs. 

That  the  lactose  increased  the  virulence  of  the  organism  seemed  evident. 
Dextrose  had  a  similar  effect.  A  tube  each  of  bouillon,  lactose  bouillon,  milk,  and 
an  agar  slant  were  inoculated  with  the  bacillus,  incubated  at  37°  C.  for  24  hours, 
and  then  1  c.c.  from  each  of  the  cultures  injected,  intraperitoneally,  into  guinea 
pigs,  the  agar  slant  being  taken  up  in  10  c.c.  of  physiological  salt  solution.  The 
pigs  injected  with  the  lactose  bouillon  and  milk  died  in  8  hours;  that  with  the 
bouillon  culture,  in  20  hours;  while  the  pig  injected  with  the  suspension  from  the 
agar  slant  did  not  die  until  28  days  later.  The  explanation  undoubtedly  lies  in  the 
fact  that  an  anaerobic  condition,  produced  by  the  presence  of  sugars,  increases 
the  pathogenicity  of  the  organism. 

Occasionally  some  animals  seemed  to  be  refractoiy  to  seemingly  fatal  doses. 
Rats,  especially,  would  not  always  show  the  same  susceptibility.  In  order  of 
susceptibility  can  be  placed  mice,  guinea  pigs,  rabbits,  cats,  rats,  and  dogs. 

The  bacillus  was  passed  through  twenty  guinea  pigs  and  then  isolated  from 
the  heart  blood  of  the  last  pig.  It  was  found  that  the  virulence  of  the  organism 
had  increased  so  that  .25  c.c.  of  a  24  hour  lactose  culture  would  kill  a  200  gm. 
guinea  pig  within  20  hours.  Intravenous  injections  did  not  seem  to  indicate  any 
greater  virulence  than  intraperitoneal.     Subcutaneous  injections  were  also  fatal. 
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POSTMORTEM    APPEARANCE  OF  GUINEA    PIGS. 

The  picture  presented  by  a  guinea  pig  killed  with  a  fatal  dose  of  the  organism 
was  usually  that  of  a  marked  peritonitis.  As  a  rule  the  lungs  were  slightly  dis- 
tended, the  heart  in  diastole,  and  filled  with  blood.  The  liver,  kidneys,  and  spleen 
were  normal,  although  the  latter  at  times  was  dark  and  slightly  enlarged.  The 
amount  of  peritoneal  fluid  present  was  variable,  ranging  from  none  to  5  or  even 
6  c.c.  Usually  it  was  present  in  an  excess  from  the  normal.  This  fluid  was  highly 
toxic,  and  killed  cats  which  were  not  killed  by  lactose  broth  cultures  of  the  organ- 
ism.   In  most  guinea  pigs  there  was  marked  inflammation  at  the  point  of  injection. 

DISTRIBUTION    OE  THE  ORGANISM. 

The  bacillus  is  found  in  the  heart  blood,  lungs,  kidneys,  liver,  spleen,  bile,  and 
the  peritoneal  fluid.  In  greatest  numbers,  and  in  practically  pure  culture  it  is 
found  in  the  peritoneal  fluid.  In  the  liver  and  heart  blood  it  is  present  in  small 
number.    It  is  numerous  in  the  spleen,  kidneys,  lungs  and  bile. 

EFFECTS  ON  CATS. 

On  September  29,  1916,  a  cat  which  had  been  starved  for  24  hours  was  in- 
jected, LP.,  with  4.5  c.c.  of  a  24  hours'  lactose  broth  culture.  The  cat  soon  showed 
signs  of  unrest,  and  attempted  to  vomit.  She  remained  in  a  comatose  condition 
with  high  fever,  the  temperature  reaching  41.6°  C.  35  hours  after  injection.  She 
recovered  on  the  second  day.  The  temperature  of  normal  cats  was  then  estab- 
lished previous  to  a  series  of  tests  as  to  their  febrile  reactions  with  the  organism. 
Four  cats  were  used,  the  temperature  taken  once  daily  for  four  days. 

Table  VI. 
Normal  Temperature  oe  Cats. 


DATE 

TIME 

CAT  1 

CAT  2 

CAT  3 

CAT  4 

Oct.    4 

10.00   A.M. 

38.05 

38.15 

38.65 

38.10 

5 

11.30    A.M. 

38.45 

37.80 

38.40 

38.80 

6 

2.45  P.M. 

39.10 

38.40 

38.80 

39.50^= 

7 

10.30    A.M. 

38.30 

38.45 

39.00 

37.90 

Average  Temperature 

38.47 

38.20 

38.71 

38.26 

Average 

Temperature  o 

f  the 

four  cats. 

...38.41 

*Not  included  in  the  aver.ige,  as  the  cat  was  highly  e.xcited. 

Several  cats  were  then  subjected  to  injections  of  the  organism  and  their  tem- 
[)eratures  taken. 

October  9.  Cat  4.  Weight  3250  gm.  This  cat  was  injected,  LP.,  with  5  c.c.  of  a  24 
linur  lactose  broth  culture,  at  9:45  a.m.  Retching,  vomiting,  and  purging  took  place  within 
iialf  an  hour. 

Temp,  at    9.45  a.m.  38.20  Temp,  at    2.30  p.m.  41.18 

10.45     "     39.62  4.30     "  40..S0 

11.45      "     40.12  Oct.    10,     9.30  .\.m.  39.10 

1.40  p.m.  40..S8  12.00     "  38.50 

The  cat  recovered. 

October  10.  Kitten  2.  Weight  580  gm.,  was  given,  I. P.,  3  c.c.  of  a  48  ii.uir  cul- 
ture (lactose  broth)  at  9.45  a.  m.  Retching,  vomiting,  and  imrging  took  pbui-  in  35 
minutes. 

Temp,  at     9.45  a.m.  37.12  Temp,  at     3.15  i'.m.  3^>.1<) 

10.45     "     38.76  4.15     "     39.20 

11.45     "     40.15  5.15     "     39.50 

1.15  P.M.  39.78  SOU      ■'      38.86 

2.15      "      39.30  10.00     "      38.44 

Tlie  kitten   recovered. 
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October  11.    Cat  2,  weight  2500  gm.,  was  given  LP.,  8  c.c.  of  an  18  hour  milk  culture 
of  the  organism  at  9.15  a.m.     Retching,  vomiting,  and  purging  took  place  in  30  minutes. 

Temp,   at     9.15  a.m.  38.12  Oct.  12,  at  10.00  a.m.  39.88 


10.15 

"     38.80 

11.15 

"     38.42 

1.00 

P.M.  38.72 

3.00 

"     38.74 

8.00 

"     40.00 

10.00 

"     39.40 

11.15 

" 

40.10 

1.30 

p.m. 

39.58 

3.30 

" 

39.10 

4.45 

" 

39.62 

Oct. 

13 

at 

9.45 

A.M. 

38.04 

The  cat  refused  food  for  two  days.  It  is  interesting  to  note  that  with  the  milk  culture 
a  longer  sustained  fever  was  obtained  than  with  the  lactose  broth  cultures. 

Allusion  has  already  been  made  to  the  marked  toxic  effect  of  the  peritoneal 
fluid  of  animals  killed  by  the  bacillus.  This  fluid  was  of  a  much  higher  potency 
than  either  the  milk  or  lactose  broth  cultures. 

November  25.  Cat  1,  which  had  recovered  from  a  dose  of  the  pure  culture  given  on 
September  29,  was  injected,  LP.,  with  5  c.c.  of  peritoneal  fluid  from  Rabbit  116,  killed  by  a 
lactose  broth  culture  of  the  organism.  Retching,  vomiting,  and  purging  took  place  in  20 
minutes.  The  animal  was  found  dead  on  the  morning  of  the  26th.  At  the  autopsy  the  heart 
w^as  found  to  be  in  diastole,  the  blood  being  fluid.  The  lungs  were  slightly  distended ;  the 
kidneys,  hyperemic ;  the  spleen,  normal;  and  the  liver,  somewhat  pale.  No  fluid  was  found 
in  the  peritoneum,  although  the  viscera  were  moister  than  normally.  The  intestines  were 
pale.  The  bacillus  was  recovered  from  the  heart-blood  and  from  the  bile,  and  w^as  shown 
to  be  present  in  smears  made  from  the  liver,  lungs,  spleen,  and  kidneys. 

November  25.  Cat  4.  This  cat  w^as  injected,  LP.,  with  2.5  c.c.  of  peritoneal  fluid  from 
a  guinea  pig  killed  by  the  bacillus.  Retching,  vomiting,  and  purging  followed  within  half  an 
hour,  the  vomiting  and  purging  continuing,  intermittently,  for  about  8  hours.  The  cat  was 
found  dead  on  the  morning  of  the  27th.  The  autopsy  showed  the  same  picture  found  in  Cat 
1.  The  organism  was  recovered  from  the  heart  blood  and  bile,  and  was  again  shown  to  be 
present  in  the  smears  made  from  the  liver,  lungs,  spleen,  and  kidneys. 

December  1.  Cat  2  was  given,  LP.,  3  c.c.  of  peritoneal  fluid  from  a  rabbit  killed  by 
the  bacillus  3B.     Retching,  vomiting,  and  purging  took  place  in  35  minutes. 

Temp,  at  time  of  injection,  10.00  a.m.  37.00 


11.00     " 

37.60 

12.00     " 

37.48 

1.15   P.M. 

40.20 

2.15     " 

39.28 

3.15     " 

39.56 

4.15     " 

39.20 

5.15     " 

40.40 

9.30  A.M. 

38.48 

Dec.  2, 

The  cat  died  at  5  p.m.  on  the  2nd.     The  postmortem  findings  were  similar  to  those  of 
the  preceding  cats.    The  bacillus  was  shown  to  be  present  in  the  same  organs. 

December  8.    Kitten  1,  weight  650  gm.,  was  given,  LP.,  2  c.c.  of  peritoneal  fluid  from 
H  guinea  pig.     Retching,  vomiting,  and  purging  took  place  in  half  an  hour. 

Temp,  at  time  of  injection. 


9.40  A.M. 

37.32 

10.40     " 

39.00 

11.40     " 

39.00 

1.30  P.M. 

39.90 

2.30     " 

39.56 

3.30     " 

39.50 

4.30     " 

38.80 

5.30     " 

38.70 

9.00     " 

35.80 

The   kitten   died   late  in   the   night.      The   postmortem   findings   were   similar   to   those 
already  described. 
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It  is  interesting  to  note  tlaat  the  temperature  rose  higher  in  the  cats  than  in 
the  kittens,  although  both  were  equally  susceptible  to  the  organism. 

To  summarize  the  tests  with  cats :  The  symptoms  produced  were  retching, 
vomiting,  and  purging,  generally  within  half  an  hour  after  injection.  The  stools 
were  watery  and  copious.  Extreme  weakness  so  that  the  animal  could  not  volun- 
tarily stand  up,  and  inability  to  eat  food  even  after  a  previous  starvation  of  24 
hours  were  characteristic.  A  marked  fever  was  produced,  the  rise  in  temperature 
being  marked  the  first  few  hours  after  injection.  In  all  cases  where  the  cats  were 
injected  with  the  peritoneal  fluid  death  occurred;  where  given  the  lactose  broth  or 
milk  cultures  they  recovered.-  Half-grown  cats  seemed  to  be  the  best  adaptable 
for  experimental  purposes. 

EFFECTS  ON  RABBITS. 

Rabbits  proved  also  susceptible  to  the  organism.  As  with  the  cats  the  peri- 
toneal fluid  from  animals  killed  by  the  bacillus  was  highly  toxic  to  rabbits.  The 
temperature  did  not  reach  the  maximum  obtained  in  the  cats,  although  it  showed 
an  appreciable  rise.  In  many  of  the  rabbits  there  was  a  marked  collapse,  at  times 
approaching  paralysis.  As  a  rule,  large  doses  of  the  culture  were  necessary  to 
cause  death. 

November  24.  Rabbit  114  was  injected,  LP.,  at  10.15  a.m.,  with  4  c.c.  of  peritoneal 
fluid  from  a  guinea  pig.  Death  occurred  in  4  hours.  The  heart  was  in  diastole ;  the  blood, 
fluid.  The  blood  vessels  were  distended.  The  organs  appeared  normal.  There  was  very 
little  fluid  in  the  peritoneum. 

November  24.  Rabbit  116  was  injected,  I. P.,  at  9  p.m.,  with  4  c.c.  of  peritoneal  fluid 
from  a  guinea  pig.  The  rabbit  was  found  dead  early  the  next  morning.  The  autopsy  gave 
the  same  findings  as  those  of  rabbit  114,  with  the  exception  that  there  were  about  5  c.c.  of 
a  dark  fluid  in  the  peritoneum.  The  bacillus  was  demonstrated  in  smears  made  from  the 
lungs,  kidneys,  spleen,  liver,  heart  blood,  bile,  and  the  peritoneal  fluid. 

December  1.     Rabbit  133  was  injected,   LP.,  with   1.5  c.c.  of  peritoneal  fluid   from  a 

guinea  pig.     Temperature  readings  were  taken  at  regular  intervals. 

Temp,  at  time  of  injection,  10.00  a.m.  38.35 

11.00      "      37.98 

12.00      "     38.38 

1.15  P.M.  38.72 

2.15     "     38  84 

3.15     "     39.82 

4.15     "     39.92 

5.15     "     39.40 

Dec.  2,  9.30  a.m.  38.40 

The  rabbit  died  at  3.00  p.m.  on  December  2.  The  post  mortem  findings  were  similar 
to  those  already  described. 

Intravenous  injections  proved  fatal  when  1.5  c.c.  of  a  24  hour  culture  (lactose  brotli) 
were  given. 

December  8.  Rabbit  160  was  injected,  LV.,  with  1.5  c.c.  of  a  24  hour  lactose  broth 
culture  at  10.30  a.m.    The  rabbit  died  early  in  the  morning  on  the  following  day. 

December  8.  Rabbit  170  was  injected,  LV.,  with  1.0  c.c.  of  a  24  hour  culture  (lactose 
broth)  at  9.30  a.m. 

Temp,   at     9.30  a.m.  38.35 


10.30     " 

39.30 

11.30     " 

39.56 

2.00  p.m. 

39.96 

3.00     " 

39.48 

4.00     " 

38.64 

5.00     " 

38.90 

Tiic  rabbit  recovered. 
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EFFECTS  ON  DOGS. 

The  effect  of  feeding  dogs  with  the  pure  culture  of  the  organism  was  tried. 
Finely  chopped  meat  was  saturated  with  a  lactose  broth  culture  of  the  bacillus  and 
given  to  two  dogs,  who  ate  it  with  apparent  relish.     No  ill-effects  were  visible. 

December  13.  .-X.  small  dog,  3.5  Kg.,  was  given,  I. P.,  at  2  p.m..  5  c.c.  of  a  24  hour  lactose 
broth  culture  of  the  bacillus.  No  retching  nor  vomiting,  but  purging  was  very  marked.  The 
temperature  range  for  the  period  immediately  after  injection  was  as  follows: 


2.00   P.M.    38.3 

3.00 

'      39.5 

4.30 

'      40.1 

5.30 

'      40.1 

7.00 

"      39.2 

8.00 

'      38.8 

The  dog  recovered  slightly,  but  refused  food  or  ate  very  sparingly.  Death  occurred 
early  on  the  morning  of  December  19.  Autopsy :  The  blood  vessels  of  the  mesentery  and 
peritoneum  were  enlarged.  The  heart  was  enlarged  and  the  blood  fluid.  The  vena  cava  was 
distended;  the  veins  throughout  the  body  were  congested.  The  gall  bladder  was  distended; 
the  liver  was  large,  with  marked  hyperstatic  congestion.  The  lungs  were  normal.  The 
kidneys  were  enlarged  and  hyperemic ;  when  cut,  they  showed  many  bleeding  points.  The 
periphery  was  of  dark  color.     The  bacillus  was  recovered  from  the  heart  blood. 

EXPERIMENTS    WITH    MILK   CULTURES. 

With  the  view  of  determining  whether  tyrotoxicon  was  formed  by  the  bacil- 
lus, experiments  were  conducted  with  milk  cultures.  The  method  of  procedure 
was  as  follows : 

Skimmed  milk  in  1000  c.c.  portions  was  sterilized  in  the  autoclave  at  115°  C. 
for  20  minutes.  It  was  then  inoculated  with  a  loopful  of  the  organism  from  a  24 
hour  agar  slant,  and  incubated  at  32°  C.  to  35°  C.  for  30  days.  At  the  end  of  the 
incubation  period  the  whey  was  separated  from  the  curd  by  filtration  through 
paper,  and  made  sterile  by  filtration  through  a  Berkefeld  candle.  The  whey  was 
then  made  alkaline  with  sodium  hydrate  and  extracted  with  ether. 

Vaughan  and  Perkins  found  that  ether  from  certain  commercial  houses,  on 
evaporation,  left  a  residue  which,  when  taken  up  in  water  and  injected  into  guinea 
pigs,  caused  death.  In  all  the  work  with  ether  alkaline  extracts,  therefore,  con- 
trols were  run  on  the  purity  of  the  ether.  In  no  case  was  the  ether  found  to  con- 
tain a  toxic  residue. 

The  ether  extract  obtained  from  the  whey  was  in  the  form  of  a  gel,  and  when 
evaporated  to  dryness,  left  a  caramel-colored  residue,  soluble  in  water.  At  no 
time  were  crystals  obtained,  and  while  the  extract  showed  a  slightly  poisonous 
action,  no  tests  made  indicated  the  presence  of  tyrotoxicon. 

The  curdling  of  the  milk,  as  a  rule,  took  place  within  seven  days  ;  but  the  curd 
was,  even  at  the  end  of  a  month,  rather  viscous  and  difficult  to  separate  from  the 
whey.  The  whey  was  always  strongly  acid  to  litmus.  Intraperitoneal  injections  of 
the  sterile  whey  into  guinea  pigs  in  5  c.c.  and  10  c.c.  quantities  had  no  effects.  That 
the  organism  was  not  killed  by  its  metabolic  products  were  proved  by  inoculating 
bouillon  tubes  with  a  loopful  of  the  whey;  growth  was  always  obtained,  and 
sugars  were  fermented. 

The  alkaline  ether  extract,  when  taken  up  in  water,  gave  a  neutral  reaction 
to  litmus.  In  one  or  two  of  the  portions  the  reaction  was  faintly  acid.  It  had 
usually  a  rancid,  almost  putrid  odor,  and  a  slightly  irritating  taste.     No  positive 
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Biuret  and  Millon  tests  were  given,  although  in  one  or  two  of  the  portions  there 
seemed  to  be  very  faint  positive  reactions.    In  all  of  the  extracts  a  strongly  positive 
oc   naphthol  test  was  given. 

The  data  in  Table  VII  shows  that  the  extract  is  slightly  toxic.  The  alkaline 
ether  extract  was  taken  up  in  sterile  water  so  that  10  c.c.  represented  the  liter  of 
the  original  milk. 

Table  VII. 
The  Effects  of  Alkaline  Ether  Extracts  of  Whey  Upon  Guinea  Pigs. 


DATE 


guinea  pig     injection 


RESULT 


Dec. 


12 


1 
2 

3 
4 
5  to  10  inc. 

11 
12  to  14  inc. 


I.V. 
I.V. 
I.V. 
I.V. 
I.V. 
LP. 
I.V. 


2.0 

c.c. 

2.0 

c.c. 

^ 

c.c. 

7 

c.c. 

1 

c.c. 

10 

c.c. 

5 

c.c. 

Death  in  20  hours 
Sick ;  recovered 
Death  in  48  hours 
Death  in  22  hours 
No  effects 
Death  in  7  days 
Sick ;    all    recovered 


Attempts  were  made  to  obtain,  if  possible,  the  poisonous  part  in  the  extract 
by  condensation  through  alternating  freezing  and  thawing,  a  process  used  success- 
fully in  this  laboratory  by  Ned  R.  Smith  in  his  work  on  water  and  alcohol  organ 


Oct. 

27 

Nov. 

2 

Oct. 

27 

Nov. 

2 

" 

2 

Oct. 

27 

" 

30 

" 

30 

Dec. 

8 

" 

12 

" 

21 

" 

8 

" 

12 

" 

21 

" 

8 

" 

12 

" 

21 

21 

" 

12 

" 

17 

" 

21 

" 

26 

" 

12 

" 

17 

" 

21 

" 

26 

" 

12 

17 

" 

21 

" 

26 

" 

26 

Table   VIII. 
Protection  Acquired  by  Guinea  Pigs  Through  Ether  Extracts. 

G.  P.  1  given  1  c.c.  x>f  extract,  LP.     No  effects 

2  c.c.  of  a  24  hour  culture  of  B.  3B ;  death  in  12  days 
"      2      "       1  c.c.  of  extract  I.V.     No  effects 

2  c.c.  of  a  24  hour  culture  of  3B  ;  death  in  16  days 
Control  G.  P.  1  c.c.  of  a  24  hour  culture  of  3B ;  death  in  12  hours 
G.  P.  3  given  2  c.c.    of   extract,    I.V.      Shock;    recovered 

1  c.c.  of  24  hour  culture  of  3B  ;  death  in  14  days 
Control  G.  P.  1  c.c.  of  a  24  hour  culture  of  3B  ;  death  in  12  hours 
G.  P.  4  given  1  c.c.  extract,  I.V.     No  effects 
"       "       "      0.5  c.c.  extract,  LP. 

"       "       "       1  c.c.  of  24  hour  culture  of  3B.     No  effects 
■'       5       "       1  c.c.  extract,  I.V.     No  effects 
"       "       "       1.25   c.c.   extract,   LP. 

"       "       1  c.c.  24  hour  culture  3B.     No  effects 
"      6      "       1  c.c.  extract,  I.V.     No  effects 
"      "      "       1.5  c.c.  extract,  LP. 

"       "       "       1  c.c.  24  hour  culture  3B.     Death  in  4  days 
Control  G.  P.  for  G.  P.  4,  5,  6  given  1  c.c.  of  a  24  hour  culture  3B.     Death 
hours 

I.V.     No  effects 
LP. 
LP. 

>ur  culture  3B.     No  effects 
I.V.     No  effects 
LP. 
LP. 

nir  culttiro  3H.      Death    in    11    days 
No  effects 


18 


G.  P.  7  ^iven 


8 


5  c.c.  extract, 

5  c.c. 

5  c.c. 

1  c.c.  of  24  h( 

5  c.c.  extract, 

5  c.c. 

5  c.c. 

1  c.c.  of  24  h 

5  c.c.  extract,  LP. 

5  c.c.  extract,  LP. 


1   c.c.  of  24  hour  culluri'  nf  3\'>.      Dcatii    in   20  days 
Control  C,.  P.   for  G.  P.  7,  H,  9,  given  1  c.c.  of  a  24  hour  cuilnrc  o 
5  hours 


I   3H      Death  in 
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extracts.  The  alkaline  ether  extract  was  taken  up  in  sterile  water,  put  into  a 
freezing  mixture,  allowed  to  freeze,  thawed  at  room  temperature,  frozen  again, 
etc.,  until  the  solution  showed  two  distinct  layers,  a  colored  and  a  colorless  layer. 
The  colored  layer  was  pipetted  off,  and  portions  injected  into  guinea  pigs.  I.V. 
injections  of  the  colored  portions  in  1  c.c.  doses  had  no  effects ;  2  c.c.  killed  a  gumea 
pig  in  6  days;  2  c.c.  of  the  colorless  portion,  injected  LP.,  killed  a  guinea  pig  in 
4  days.  On  January  25,  four  guinea  pigs  were  injected,  LP.,  with  1  c.c.  each  of 
the  colored  portion.  Two  died  in  three  days,  while  the  remaining  two  were  unaf- 
fected. 

A  striking  feature  of  the  experiment  with  the  alkaline  ether  extracts  was  the 
protection  acquired  by  guinea  pigs  against  fatal  doses  of  the  germ  after  they 
had  been  injected  with  the  extract.    This  is  shown  in  Table  VIIL 

Of  the  nine  guinea  pigs  inoculated  with  the  alkaline  ether  extract  three  were 
unaffected  by  fatal  doses  of  the  organism.  The  remaining  six  died  after  an  inter- 
val ranging  from  four  days  to  twenty  days.  The  controls  succumbed  promptly 
from  five  to  twenty  hours.  From  these  results  it  is  evident  that  a  fair  degree  of 
protection  can  be  obtained  against  fatal  doses  of  the  organism,  a  protection  which 
may  approach  immunity.  Milk  is  not  a  good  medium  for  the  elaboration  of  the 
poison,  but  may  become  so  under  favorable  conditions.  The  bacillus  does  not 
form  tyrotoxicon. 


FILTRATES  OF  LACTOSE  BROTH  CULTURES. 

The  marked  pathogenicity  of  the  organism  when  grown  in  lactose  broth  and 
the  slightly  toxic  products  obtained  in  milk  cultures  led  to  the  study  of  the  toxicity 
of  sterile  filtrates  from  lactose  broth  cultures.  For  the  first  test  a  broth  containing 
2%  lactose  and  5%  glycerine  was  used.  The  broth,  neutral  to  phenolphthalein, 
was  inoculated  with  the  bacillus,  and  incubated  at  32°  C.  to  35°  C.  for  9  days. 
Several  drops  of  tricresol  were  then  added,  and  the  culture  filtered  on  the  follow- 
ing day  through  a  Berkefeld  candle.    The  filtrate  was  tested  for  sterility. 

On  December  21  three  guinea  pigs  were  inoculated  with  increasing  amounts :  0.5  c.c, 
1  c.c.  and  2  c.c.  of  the  sterile  filtrate.  The  pigs  were  restless  for  a  short  time  but  otherwise 
showed  no  ill  effects.  The  filtrate  was  •allowed  to  stand  in  a  test  glass,  in  a  dark  place,  until 
January  17,  1917,  on  account  of  press  of  other  work.  Considerable  condensation  had  taken 
place.  When  inoculated  in  1  c.c.  amounts  into  guinea  pigs,  intraperitoneally,  it  now  proved 
fatal  to  two  out  of  five  of  these  animals,  death  occurring  in  20  hours.  On  January  18  six 
more  guinea  pigs  were  inoculated  with  the  following  results : 


G.P. 

1 

2  c.c. 

LV. 

Death    in   27   hours 

G.P. 

2 

1  c.c. 

I.V. 

Death   in   12   hours 

G.P. 

3 

1  c.c. 

I.V. 

Death  in   96   hours 

G.P. 

4 

1  c.c. 

LP. 

Death   in  24  hours 

G.P. 

5 

1  c.c. 

LP. 

Death   in   24  hours 

G.P. 

6 

1  c.c. 

LP. 

Recovered 

The  heart  blood  of  each  pig  was  found  to  be  sterile.  Marked  inflammation  of  the 
intestines  was  characteristic  in  all  cases.     The  organs  were  normal. 

Tests  were  next  made  to  determine  whether  the  presence  of  glycerine  was 
necessary  or  desirable.  Three  different  broths  were  inoculated  with  the  organism, 
incubated  at  32°  to  35°  C.  for  7  days,  several  drops  of  tricresol  added,  and  the  cul- 
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tures  filtered  on  the  following  day  through  Berkefeld  candles.     The  filtrates  were 
then  tested  for  sterility. 

Broth  A  contained  2  per  cent  lactose. 

Broth  B  contained  5  per  cent  glycerine. 

Broth  C  contained  5  per  cent  glycerine,  2  per  cent  lactose. 

Table  IX. 
Comparative  Toxicity  of  Lactose,  Gevcerine,  and  Lactose-Glycerine  Filtrates. 


DATE 

G.P. 

amount  INOC.  LP. 

FILTRATE 

RESULT 

Tan.  31 

1 

1.0  c.c. 

A 

Death  in  4  hours 

31 

2 

1.5  c.c. 

A 

Death  in  7>^  hours 

31 

3 

2.0  c.c. 

A 

Sick;  recovered 

31 

4 

1.0  c.c. 

c 

Sick ;  recovered 

31 

5 

1.5  c.c. 

C 

Death  in  4  hours 

31 

6 

2.0  c.c. 

C 

Death  in  6  hours 

Feb.     1 

7 

1.0  c.c. 

.      A 

Death  in   18  hours 

1 

8 

1.5  c.c. 

A 

Death   in  40  hours 

1 

9 

1.0  c.c. 

B 

Sick ;   recovered 

1 

10 

1.5  c.c. 

B 

Sick;  recovered 

1 

11 

1.0  c.c. 

C 

Sick ;   recovered 

1 

12 

1.5  c.c. 

C 

Sick ;   recovered 

The  most  toxic  filtrate  was  obtained  from  lactose  broth.  It  was  then 
questioned  whether  the  amount  of  sugar  influenced  the  toxicity.  To  determine 
this  point  lactose  broths  of  various  strengths  were  made  up,  and  the  cultures 
grown  and  treated  as  already  described. 

Broth  A  contained     .25  per  cent  lactose. 

Broth  B  contained     .5     per  cent  lactose. 

Broth  C  contained  1        per  cent  lactose. 
The  guinea  pigs  used  weighed  from  200  to  225  grams. 

Table  X. 
Comp.arative  To.xicity  of  Lactose  Broths. 


DATE  G.P.  AMOUNT  INOC,  I.P.  BROTH 


Feb.  14  1  0.5     c.c.  A 

14  2  1.0    c.c.  A 

14  3  2.0    c.c.  A 

14  4  0.25  c.c.  B 

14  5  0.25  c.c.  B 

14  6  0.5    c.c.  B 


14  7  1.0  c.c.  ■             B 

14  8  2.0  c.c.  B 

14  9  0.5  c.c.  C 

14  10  1.0  c.c.  C 

14  11  2.0  c.c.  C 


0.5 

c.c. 

1.0 

c.c. 

2.0 

c.c. 

0.25 

c.c. 

0.25 

c.c. 

0.5 

c.c. 

1.0 

c.c. 

2.0 

c.c. 

0.5 

c.c. 

1.0 

c.c. 

2.0 

c.c. 

RESULT 

Death    in    5   hours 

Recovered 

Death  in  48 

hours 

Death  in    7 

hours 

Death  in  12 

hours 

Death  in     'iVi 

hours 

Death  in  12 

liours 

Recovered 

Recovered 

Recovered 

Recovered 

Broth  B,  containing  .5  per  cent  lactose,  was  most  toxic,  and  this  strength 
was  used  in  the  rest  of  the  work  with  the  filtrates. 

The  minimum  lethal  dose  was  determined,  using  varying  ([uantities  of  the 
filtrate.  One-tenth  c.c.  was  found  to  bo  the  smallest  amount  that  would  kill  a  200- 
.250  gm.  guinea  ])ig. 
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Table  XI. 
Determination  of  the  Minimum  Lethal  Dose. 


DATE 

G.P. 

WEIGHT  IN   GRAMS 

INOC. 

I.p. 

result 

Mar.   12 

1 

176 

0.1 

c.c. 

Death  in  20 

hours 

12 

2 

200 

0.1 

c.c. 

Recovered 

12 

3 

203 

0.1 

c:c. 

Death    in   9 

hours 

12 

4 

208 

0.1 

c.c. 

Death   in    3 

hours 

12 

5 

216 

0.1 

c.c. 

Death   in   4 

hours 

12 

6 

224 

0.1 

c.c. 

Recovered 

12 

7 

197 

0.01 

c.c. 

No  effects 

12 

8 

180 

0.01 

c.c. 

No  effects 

12 

9 

203 

0.01 

c.c. 

No  effects 

12 

10 

220 

0.01 

c.c. 

No  effects 

12 

11 

238 

0.01 

c.c. 

No  effects 

12 

12 

248 

0.01 

c.c. 

No  effects 

Peculiarities  early  noticed  regarding  the  toxin  were:  (1)  Small  doses  in- 
variably were  more  fatal  than  large.  (2)  Death  occurred  in  a  few  hours.  Thus 
a  guinea  pig  receiving  a  dose  of  0.1  c.c.  would  die  in  from  3  to  24  hours,  whereas 
one  receiving  1.0  c.c.  or  more  would,  in  many  cases,  recover.  The  M.L.D.  of  this 
toxin  can  not  very  well  be  compared  to  the  M.L.D.  of  either  diphtheria  or  tetanus 
toxin,  since  the  lethal  period  is  so  short. 

HEATED  FILTRATES. 

The  toxicity  of  the  filtrate  demonstrated,  it  remained  to  determine  whether 
the  toxin  was  destroyed  by  heat, — in  other  words,  whether  the  toxin  was  thermo- 
labile  or  thermostabile.  On  March  21  a  sterile  filtrate  was  heated  in  a  boiling 
water  bath  for  ten  minutes,  cooled,  and  then  injected  into  guinea  pigs,  intraperi- 
toneally. 


G.P. 

1 

Given  0.5  c.c. 

Death  in  8  hours 

G.P. 

2 

Given  0.5  c.c. 

Death  in  5  hours. 

G.P. 

3 

Given  0.5  c.c. 

Death  in  4  hours 

G.P. 

4 

Given  1.0  c.c. 

Death  in  4  davs. 

G.P. 

5 

Given   1.0  c.c. 

Recovered. 

G.P.  6     Given  1.0  c.c.     Recovered. 

The  three  pigs  which  had  received  0.5  c.c.  died  within  8  hours,  while  only 
one  out  of  three  which  had  received  1  c.c.  died,  and  that  one  in  four  days.  Suspi- 
cion fell  upon  the  use  of  the  tricresol  in  the  culture.  Controls  were,  therefore,  run 
using  amounts  even  larger  than  in  the  cultures ;  but  no  ill-efifects  were  ever  ob- 
served. It  was  concluded  that  the  toxicity  was  caused  by  the  bacterial  products, 
and  was  definitely  proved  by  using  filtrates  to  which  tricresol  had  not  been  added. 

On  March  28  a  sterile  filtrate  was  divided  into  three  parts :  Part  A  was  the 
normal,  untreated  filtrate;  part  B,  the  filtrate  kept  in  a  boiling  water  bath  for  15 
minutes;  and  part  C,  the  filtrate  kept  in  a  boiling  water  bath  for  60  minutes. 
When  cooled  to  room  temperature  all  three  portions  were  injected,  LP.,  in  vary- 
ing amounts,  into  guinea  pigs.  The  weights  of  the  guinea  pigs  were,  as  in  all  this 
work,  between  200  and  250  grams. 
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Table  XII. 
Toxicity  of  Normal  and  Heated  Filtrates. 


G.P, 

INOC,  I.P. 

FILTRATE 

RESULT 

1 

0.1     c.c. 

A 

Death 

in 

41/2 

hours 

2 

0.25  c.c. 

A 

Death 

in 

IV2 

hours 

3 

0.5    c.c. 

A 

Death 

in 

SV2 

hours 

4 

0.25  c.c. 

B 

Death 

in 

AV2 

hours 

5 

0.5    c.c. 

B 

Death 

in 

18 

hours 

6 

1.0    c.c. 

B 

Death 

in 

8/3 

hours 

7 

0.25  c.c. 

C 

Death 

in 

30 

hours 

8 

0.5    c.c. 

C 

Death 

in 

18 

hours 

9 

1.0    c.c. 

C 

Death 

in 

41/2 

hours 

Table  XIII. 
Toxicity  of  Normal  and  Heated  Filtrates. 


G.P. 

INOC,   I.P. 

FILTRATE 

RESULT 

1 

0.1     c.c. 

A 

Recovered 

2 

0.25  c.c. 

A 

Death 

in 

5 

hours 

3 

0.5    c.c. 

A 

Death 

in 

5 

hours 

4 

0.5    c.c. 

B 

Death 

in 

18 

hours 

5 

0.5    c.c. 

B 

Death 

in 

5 

hours 

6 

1.0    c.c. 

B 

Death 

in 

4/2 

hours 

7 

0.5     c.c. 

C 

Death 

in 

4 

hours 

8 

0.5     c.c. 

C 

Death 

in 

6 

hours 

9 

1.0    c.c. 

C 

Death 

in 

20 

hours 

As  can  be  seen,  the  poison  was  not  destroyed  by  heating,  at  boiling  tempera- 
ture, for  one  hour.  This  was  corroborated  by  another  series  of  tests,  carried  out 
as  above,  on  April  10.  The  only  change  was  made  in  the  reaction  of  the  media, 
where  a  -1  (I  per  cent  alkaline  to  phenolphthalein)  was  used  instead  of  the 
neutral. 

The  postmortem  findings  were,  as  a  rule,  similar  to  those  observed  in  the 
guinea  pigs  dying  from  the  virulent  culture.  Marked  inflammation  of  the  in- 
testines was  characteristic  in  all  animals  dying  from  the  filtrate,  heated  or  un- 
heated. 

EFFECT  OF  FILTRATE  UPON  CATS  AND  RABBITS. 

The  sterile  filtrate,  when  injected  into  cats,  gave  the  same  sym]»t()ms  as  the 
virulent  culture,  but  was  without  fatal  efl^ects.  The  temperature  increased  as 
with  the  virulent  culture. 

Fehruary  15.  Cat  7,  weight  2250  gm.,  was  given,  LP.,  9  c.c.  of  a  sterile  fiUrate  from  a 
.5  per  cent  lactose  broth  culture.  Retching,  vomiting,  and  purging  took  pl.ioo  within  45 
minutes.     The  temperature  readings  were  as  follows  : 

Temp,  at  time  of  injection,     8.30  a.m.  37.0 

10.00      "  38.82 

12.00     "  39.64 

2.00  P.M.  39.82 

8.00     "  38.46 

The  cat  recovered. 

February  16.     Cat  8,  weight  27C0  gm.,  was  given,  I. P.,  at  8.30  a.m.,  9  c.c.  of  a  0.5  i-er 

cent  lactose  hroth  hitrate.     Retching,  vomiting,  and  purging  occurred  within  35  mimitcs. 

Temp,    at     8.30  A.M.  38.4  1.30  i'.m    40.42 

9.30     "      38.8  2.30     "      40.12 

10.30     "      39.0  3.30     "     40.2S 

11.30      "      40.1  4.30     "      3^.80 

12.00      '•      40.1  5.30     "     39.3 
The  cat  recovered. 
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A  rise  in  temperature  was  the  only  effect  produced  in  a  rabbit  injected  with 
the  filtrate, 

February  15.  Rabbit  180  was  given,  LP.,  5  c.c.  of  a  0.5  per  cent  lactose  broth  filtrate,  at 
8:30  A.M. 

Temp,  at    8.30  a.m.  38.5                                         11.45  a.m.  40.0 

9.00  "  40.02                                        1.45  p.m.  39.4 

9.45  "  39.70                                     8.00     "     38.08 

10.45  "  39.54 
The  rabbit  recovered. 

FILTRATE  FROM  USCHINSKY'S  SOLUTION. 

It  was  considered  that  if  the  toxin  had  a  definite  chemical  composition  its 
study  could  be  facilitated  if  it  were  formed  in  a  synthetic  medium.  Uschinsky's 
medium  was  used.  After  inoculation  with  the  organism  and  incubation  for  7 
days  at  37°  C,  the  solution  was  filtered  through  a  Berkefeld  candle  and  tested  for 
sterility.  Guinea  pigs,  injected  with  the  filtrate,  however,  were  not  affected.  This 
was  not  surprising  in  view  of  earlier  work  with  cultures  of  the  organism  grown  m 
this  solution,  when  it  was  found  that  comparatively  large  doses  were  necessary  to 
cause  death  in  guinea  pigs. 

IDENTITY  OF  THF  SOLUBLE  POISON. 

Attempts  were  made  to  isolate  the  soluble  poison  by  the  precipitation  method, 
as  with  the  toxins  of  diphtheria  and  tetanus;  none,  however,  succeeded.  The 
identity  of  the  toxic  agent  remained,  therefore,  undetermined. 

AGGLUTINATION. 

The  classification  of  the  bacillus  isloated  from  the  poisonous  cheese,  from  the 
study  made  thus  far,  would  seem  to  place  it  in  the  B.  coli  group.  The  formation 
of  a  thermostabile  poison,  however,  indicates  that  the  organism  is  not  of  the  true 
colon  type.  To  determine,  if  possible,  whether  a  more  accurate  classification  could 
be  made,  agglutination  tests  were  carried  out.  Rabbits  were  immuiiized  to  B. 
enteritidis,  B.  colon,  B.  paratyphoid  A,  B.  paratyphoid  B,  and  Bacillus  3B,  and 
their  sera  used  in  the  tests. 


Table  XIV. 

.\gglutination  of  Bacillus  3B  by  Immune  Colon,  Enteritidis,  Paratyphoid  A,  and 

Paratyphoid  B  Sera. 


che;^se:  poisoning 
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Table  XV. 

Agglutination  op  B.  Colon,  B.  Enteritidis,  B.  Paratyphoid  A,  B.  Paratyphoid  B.,  and 

B.  3B,  by  Immune  3B  Serum. 


1/10 

1/20 

1/50 

1/100 

1/200 

1/300 

1/500 

1/1000 

1/2000 

B.  colon 

+  + 

+  + 

+  + 

+ 

_ 

— 

B.  enteritidis 

+  + 

4- 

_ 

_ 

B.  paratyphoid  A 

4- 

- 

- 

- 

B.  paratyphoid  B 

+  + 

- 

- 

-• 

B.3B. 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

A  study  of  Table  XIV  shows  that  the  bacillus  isolated  from  the  cheese,  desig- 
nated as  B.3B,  was  agglutinated  by  immune  colon  serum  in  a  dilution  of  1/300; 
by  immune  enteritidis  serum,  in  a  dilution  of  1/50;  by  immune  paratyphoid  A 
serum,  in  a  dilution  of  1/10;  and  by  immune  paratyphoid  B.  serum,  in  a  dilution 
of  1/50.  The  bacillus,  therefore,  belongs  to  the  colon  group.  This  is  further  cor- 
roborated by  the  data  of  Table  XV.  Of  the  four  organisms  (exclusive  of  B.3B) 
tested,  B.  colon  was  agglutinated  in  the  highest  dilution  by  the  immune  3B  serum. 
That  the  dilution  did  not  exceed  1/100  was  somewhat  surprising  in  view  of  the 
fact  that  immune  colon  serum  agglutinated  the  3B  bacillus  in  a  1/300  dilution. 
The  relationship  of  the  organism,  as  shown  by  its  agglutination,  to  the  enteritidis 
and  partyphoid  B.  bacilli,  may  explain  its  fonnation  of  a  soluble  thermostabile 
poison. 

It  is  to  be  regretted  that  no  agglutination  test  could  be  carried  out  with  the 
sera  of  the  patients,  none  being  available.  Such  tests  have  been  carried  out  by 
several  investigators.  Hughes  and  Healey,-^  in  their  report  of  the  Aldershot  epi- 
demic, stated  that  a  colon  bacillus  isolated  from  the  liver  and  kidney  from  a  fatal 
case  gave  no  reaction  with  the  blood  sera  from  other  cases.  No  reaction  was  also 
given  by  the  blood  sera  from  several  of  the  cases  with  Gartner's  bacillus.  Berg-^ 
isolated  the  B.  Paratyphoid  B  from  the  intestines  and  organs  from  a  fatal  case  of 
cheese  poisoning.  This  bacillus  was  agglutinated  by  the  blood  serum  of  the  wife 
of  the  dead  man,  herself  a  victim  of  cheese  poisoning.  Fonteyne^^  found  that 
samples  of  blood  taken  ten  days  after  the  accident  did  not  agglutinate  the  bacillus 
he  had  isolated  from  the  cheese.  This  bacillus  was  not  agglutinated  by  sera  im- 
mune to  B.  Aertrycke,  B.  de  Bruges,  and  B.  Typhoid.  Serum  immunized  to  the 
cheese  bacillus  agglutinated  B.  Aertrycke  in  1/100  dilution  ;  B.  de  Bruges,  in  1  10 
dilution;  and  B.  Typhoid,  in  1/250  dilution. 

IMMUNITY. 

In  the  immunization  experiments,  guinea  pigs,  on  account  of  their  suscepti- 
bility and  adaptability  to  this  kind  of  work,  were  used  in  preference  to  other 
laboratory  animals.  Imniunization  was  obtained  most  satisfactorily  by  vaccine 
treatment.  Agar  slant  of  the  organism,  of  24  hours'  growth,  were  wash-ed  with 
l)hysiological  salt  solution,  filtered  through  sterile  cotton,  heated  at  58°  C.  for 
1  hour,  tested  for  sterility,  and  then  standardized.  Such  a  vaccine  standardized 
on  December  12  was  found  to  contain  400,000,000  organisms  per  cubic  centi- 
meter. On  December  13,  six  guinea  pigs  weighing  from  200  to  220  grams  each, 
were  given,  LP..  5  c.c.  of  this  vaccine.  On  December  17  a  second  dose  of  1  c.c. 
was  given;  while  the  third  dose,  1  c.c,  was  given  on  December  21.  On  Decem- 
ber 26  all  six  pigs  were  given  1  c.c.  of  a  24  hour  culture  of  Bacillus  3B.     None 
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of  the  pigs  died.     A  control  guinea  pig,  injected  with  the  same  amount  of  the 
organism,  died  within  5  hours. 

On  February  4,  8  guinea  pigs,  weighing  from  200  to  225  gm.,  were  in- 
jected with  .5  c.c.  each  of  vaccine,  made  as  above,  and  standardized  so  that 
1  c.c.  =  250,000,000.  A  second  injection  of  the  vaccine,  1  c.c.  was  given  on 
February  8.  One  of  the  pigs  died  on  the  following  day.  The  third  and  final 
injection  w^as  given,  in  1.5  c.c.  amounts,  on  February  12.  On  February  19  all 
were  given  1  c.c.  of  a  24  hour  culture  of  Bacillus  3B.  One  guinea  pig  died  on 
the  20th  ;  the  rest  were  unaffected.  A  control  guinea  pig,  injected  with  .5  c.c. 
of  the  virulent  culture,  died  in  16  hours.  These  tests  show  that  a  high  degree 
of  immunity  is  obtainable  by  vaccine  treatment. 

SERUM    IMMUNITY. 

The  serum  of  guinea  pigs  immunized  by  several  injections  of  vaccine,  when' 
injected  into  normal  guinea  pigs,  immunized  them  to   fatal  doses  of  the  viru- 
lent culture. 

March  3.  Two  immune  pigs  were  bled  and  their  sera  obtained  aseptically.  Four  guinea 
pigs  (210-225  gm.)  were  injected,  LP.,  with  0.1  c.c.  of  the  immune  serum.  On  March  8  one 
of  the  pigs  was  injected  with  1  c.c.  of  a  24  hour  lactose  broth  culture  of  B.3B.  Death  oc- 
curred 3  days  later.  A  control  pig  died  in  12  hours.  On  March  12,  the  second  and  third  pigs 
were  injected  with  1  c.c.  and  1.5  c.c,  respectively,  of  a  24  hour  lactose  broth  culture  of  B.3B. 
Guinea  pig  3  died  on  the  sixth  day,  while  guinea  pig  2  was  unaffected.  A  control  died  in 
12  hours. 

Two  guinea  pigs  injected,  March  3,  with  .25  c.c.  of  the  immune  serum,  were  injected, 
on  March  12,  with  1  c.c.  of  a  virulent  culture  of  Bacillus  3B.  Both  were  unaffected.  A 
control  died  in  9  hours. 

IMMUNITY   TO    SOLUBLE    POISON. 

While  it  was  comparatively  easy  to  obtain  immunity  to  the  virulent  organ- 
ism, it  was  very  difficult  to  obtain  immunity  to  the  soluble  poison  it  elaborated. 
Invariably  the  guinea  pigs  would  die  after  the  second  or  third  inoculation,  re- 
gardless of  whether  these  doses  were  increased  or  decreased. 

Thus,  for  example : 

On  March  12,  three  guinea  pigs  (200  gm.)  were  inoculated  with  .01  c.c.  of  a  sterile 
lactose  broth  filtrate.  On  March  16  each  received  a  dose  of  .1  c.c.  of  the  filtrate.  One  died 
on  the  second,  one  on  the  third,  and  one  on  the  fourth  day  after  the  inoculatton.  Again,  on 
March  12,  three  guinea  pigs  were  inoculated  with  .001  c.c.  of  the  filtrate.  On  March  16  a 
second  injection  of  .01  c.c.  was  given.  One  pig  died  on  the  20th.  The  two  remaining  pigs 
were  inoculated  on  the  24th,  with  .5  c.c.  of  the  filtrate.  These,  as  well  as  a  control,  died  in 
4  hours. 

On  March  21,  six  guinea  pigs  (200-250  gm.)  were  injected  with  .01  c.c.  of  the  filtrate. 
On  March  26,  a  second  injection,  .005  c.c.  was  given.  One  pig  died  on  the  following  day, 
and  one  on  the  29th.  A  third  injection  of  .02  c.c.  was  given  on  April  7.  One  pig  died  on 
April  8.  On  April  14  the  three  remaining  pigs  and  a  control  were  injected  with  .25  c.c.  of  a 
freshly  prepared  filtrate.  One  of  the  pigs  and  the  control  died,  the  former  in  two  days  and 
the  latter  in  seven  hours.     The  other  two  guinea  pigs  were  unaffected. 

Guinea  pigs  immunized  to  fatal  doses  of  the  poison  are  immune  to  fatal  doses 
of  the  virulent  organism.  Injections  of  heated  sterile  filtrate  will  immunize  guinea 
pigs  to  fatal  doses  of  the  organism. 

Two  guinea  pigs  were  injected,  LP.,  on  March  3  with  .5  c.c.  of  a  sterile  .25  per  cent 
lactose  broth  filtrate.  On  March  12  they  were  given  2  c.c.  each  of  .5  per  cent  lactose  broth 
filtrate.  The  third  dose,  .2  c.c.  of  a  .5  per  cent  filtrate,  they  were  given  on  the  16th.  On 
March  24  they  were  both  injected  with  a  freshly  prepared  .5  per  cent  filtrate,  each  receiving 
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.5  c.c.  They  were  unaffected.  A  control  died  in  4  hours.  On  March  30  both  were  given 
1  c.c.  of  a  24  hour  culture  of  Bacillus  3B.  They  were  unaffected,  while  a  control,  given  the 
same  dose,  died  in  15  hours. 

On  March  28  a  .5  per  cent  lactose  broth  filtrate  was  heated,  for  one  hour,  in  a  boiling 
water  bath.     Varying  quantities  were  injected  into  guinea  pigs. 

G.P.  1,  weight  300  gm.,  received     .25  c.c.  No    effects. 

G.P.  2,  weight  313  gm.,  received     .50  c.c.  No    effects. 

G.P.  3,  weight  330  gm.,  received  1.0     c.c.  Sick;    recovered. 

G.P.  4,  weight  313  gm.,  received  1.5.    c.c.  Sick;    recovered. 

On  April  8  all  four  received  .5  c.c.  of  the  heated  filtrate.  No  effects  were  observed  in 
-any  of  the  animals.  On  April  17,  they  were  injected,  in  varying  doses,  with  a  24  hour  lactose 
culture  of  Bacillus  3B. 

G.P.  1  received  2  c.c.  of  the  culture. 

G.P.  2  received  1.25  c.c.  of  the  culture. 

G.P.  3  received  1.0  c.c.  of  the  culture. 

G.P.  4  received  1.0  c.c.  of  the  culture. 

All  were  sick,  but  recovered  on  the  following  day.  A  350  gm.  control  pig,  given  1  c.c. 
of  the  culture,  died  in  10  hours. 

From  the  data  given  it  is  evident  that  immunity  can  be  obtained  by  injec- 
tions of  the  sterile  filtrate  not  onl\'  to  the  soluble  poison  itself,  but  also  to  the 
virulent  culture  of  the  organism.  The  soluble  poison  is  undoubtedly  not  a  true 
toxin,  but  evidence  has  been  given  that  it  does  form  immune  antibodies. 

CONCLUSIONS. 

The  data  and  results  obtained  iii  this  work  warrant  the  following  conclu- 
sions. 

1.  Six  cases  of  cheese  poisoning  were  caused  by  a  toxicogenic  bacillus. 

2.  Morphological  and  biochemical  reactions,  and  agglutination  tests  prove 
that  the  bacillus  belongs  to  the  colon  group. 

3.  That  it  is  not  a  true  colon  bacillus  is  shown  by  its  formation  of  a  sol- 
uble thermostabile  poison. 

4.  Poisoning  can  not  be  induced  in  animals  either  by  feeding  the  poisonous 
cheese  or  by  feeding  with  cultures  of  the  isolated  organism. 

5.  Mice,  guinea  pigs,  rabbits,  cats,  rats,  and  dogs  are  susceptil)le.  in  the 
order  named,  to  the  bacillus. 

6.  The  bacillus  does  not   form   tyrotoxicon. 

7.  Five-tenths  per  cent  lactose  broth,  neutral  to  phenolphth;ih'in,  is  the 
medium  most  suitable  for  the  production  of  the  pf)ison. 

8.  The  soluble  thermostabile  poison  i>ro(luced  In-  the  bacillus  is  a  toxin- 
like body,  of  unknown  chemical  ccjnstitution. 

9.  Immunity  to  the  organism  can  be  acquired  by  \accine  and  iniinune  >enun 
injections.  It  can  also  l)e  obtained  by  injections  of  the  sterile,  cell-free  tilli'ale 
from  lactose  broth  cultures. 

10.   A  lesser  but  yet  marked  ])r<)tecti<ni  can  be  ac(|uire(l  l.\    injectiMns  of  alka- 
line ether  extracts  of  whe\-    from   milk   ciillurt-s. 
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FURTHER  EXPERIENCE  IN  THE  TREATMENT  OF  TYPHOID  FEVER 

BY  THE  INTRAVENOUS   INJECTION  OF  SENSITIZED 

TYPHOID  VACCINE  SEDIMENT* 


By  Frederick  P.  Gay,  M.D.,  Berkeley,  Calie. 


A  LITTLE  over  a  year  ago  Chickering  and  P  reported  on  the  treatment  of 
over  fifty  cases  of  typhoid  fever  by  the  intravenous  injection  of  typhoid 
vaccine,  v^^hich  resuhs,  with  some  additional  cases,  were  presented  before  this 
Association  a  year  ago.  Since  that  time  opportunities  have  been  available  for 
the  study  of  two  additional  groups  of  cases :  the  first  at  the  Presbyterian  Hos- 
pital in  New  York  City,  made  possible  through  the  great  courtesy  of  Warfield 
T.  Longcope;  and  the  second  a  group  of  twenty-eight  cases  occurring  in  the 
Providence  Hospital,  Oakland,  California,  and  rendered  available  for  this  study 
by  the  kindness  of  Edward  von  Adelung.  The  latter  group  of  cases  is  of  par- 
ticular interest  not  only  as  being  considerable  in  number,  but  as  giving  us  our 
first  opportunity  of  dealing  with  epidemic  typhoid.  These  twenty-eight  cases 
occurred  among  a  group  of  workmen  employed  in  constructing  the  San  Pablo 
dam  in  Contra  Costa  county,  and  were  due  to  a  well  traced  contamination  of 
drinking  water  which  led  to  the  occurrence  of  some  fifty-two  cases  of  typhoid 
fever,  that  have  been  reported  on  from  the  epidemiological  standpoint  by  Geiger, 
Macmillan,  and  Gillespie.^ 

The  method  we  have  employed  in  treating  typhoid  has  already  been  detailed, 
but  may  be  repeated  in  essentials  here.  Treatment  has  consisted  in  the  intravenous 
injection  of  the  Gay-Claypole  sensitized  vaccine  sediment,  a  preparation  obtained 
from  multiple  strains  of  the  typhoid  bacillus  of  local  and  general  origin,  so  chosen 
as  to  represent  the  characteristic  antigenic  groups  of  the  typhoid  bacilli  that  have 
been  tentatively  separated  by  Hooker,  whose  work  has  since  been  confirmed 
by  Weiss.  The  vaccine  is  further  prepared  by  treating  these  strains  of 
typhoid  bacilli  with  a  rabbit  immune  serum  of  high  agglutinating  titer,  subse- 
quently washing  them,  and  then  killing  and  ])reci])itating  them  by  means  of  abso- 
lute alcohol.  This  killed  vaccine  is  then  dried  to  constant  weight  and  ground  in  a 
mechanical  mortar  until  the  bodies  of  the  bacteria  are  thoroughly  disintegrated. 
The  endotoxic  substances  are  extracted  by  means  of  carbolated  saline  and  the 
supernatant  fluid  rejected,  the  sediment  of  ground  bacterial  bodies  being  alone 
employed  for  injection.  The  use  of  this  sensitized  vaccine  sediment  has  been  re- 
ported on  elsewhere  in  reference  to  its  use  in  ])r()i)hylaclic  imnninization.-'  It  has 
been  found  that  this  vaccine  may  be  injected  intravenously  in  adults  in  doses  be- 
ginning with  0.02  of  a  milligram  and  gradually  increasing  in  some  instances  to 
0.06  of  a  milligram,  without  any  harmful  effects,  although  such  injections  give  rise 
to  a  characteristic  train  of  symptoms  which  seem  intimately  connected  with  the 
favorable  results  obtained.  Our  experiments  herewith  reported  represent  1200 
injections,  and  it  may  confidently  be  stated  that  no  harmful  results  in  the  cases  of 

'From   the   Hearst   Lalioratory   of   I'allioloKy   and    Itacti-rioInRy,   I'nivcrsity    of    California. 
I'resented  before  tlic  Association  of  American   I'liysicians,  Atlantic   City,   May,   1917. 
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typhoid  fever  involved,  either  immediate  or  delayed,  are  referable  to  the  vaccine. 
A  synopsis  of  the  cases  of  which  this  is  a  report  is  given  in  Table  I,  which  we 
may  proceed  to  explain  in  some  detail. 

Table  I. 

Total  cases  examined   194 

Nontj'phoid   cases    62 

Cases  of  typhoid  on  clinical  basis  alone 8 

Cases  of  proved  typhoid 124 

Cases  of  proved  typhoid  not  treated 26 

Cases    treated    as    suggested 98 

One  hundred  ninety- four  cases  of  suspected  or  possible  typhoid  were  exam- 
ined by  full  laboratory  methods,  and  of  these  cases  62,  by  agglutination  tests,  blood 
cultures,  and,  in  some  instances,  stool  and  urine  examinations,  could  not  be  iden- 
tified as  typhoid  fever.  All  of  these  sixty-two  cases  could  eventually  be  likewise 
dismissed  on  clinical  evidence  as  well,  as  certainly  not  typhoid.  There  remain, 
however,  eight  cases  which  may  have  been  typhoid  fever  on  the  basis  of  the 
clinical  examination,  which,  however,  it  was  impossible  to  confirm  by  laboratory 
tests ;  these  cases  are  not  included  in  our  series,  although  two  of  them  were  treated 
in  the  manner  described  with  beneficial  results.  There  remain,  then,  124  cases  of 
typhoid  fever  that  may  be  accepted  as  certain  on  the  basis  of  both  clinical  and 
thorough  laboratory  examination.  Every  case  of  proved  typhoid  fever,  with  the 
twenty-six  exceptions  to  be  mentioned  presently,  was  treated  in  accordance  with 
the  method  to  be  fully  outlined  at  a  later  point. 

We  should  here  perhaps  explain  and  possibly  defend  our  decision  to  treat 
every  available  proved  case.  It  has  been  a  frequent  custom  among  clinicians  who 
wish  to  investigate  any  new  method  of  therapy  to  treat  a  certain  number  of  cases  in 
a  given  series  by  the  method  in  question,  leaving  another  group  of  cases  of  variable 
size  under  the  routine  previously  adopted  for  the  object  of  furnishing  what  have 
been  regarded  as  controls.  This  procedure  has  been  patterned  after  the  methods 
ordinarily  in  vogue  in  animal  experimentation,  where  truly  controlled  experiments 
are  essential  and  convincing.  It  should  be  pointed  out,  we  believe,  that  no  group 
of  human  cases  of  typhoid  fever  or  of  any  other  disease  can  so  be  utilized 
except  on  the  basis  of  a  relatively  large  number  of  cases,  where  purely  statistical 
methods  of  computation  may  be  employed.  Chance  infection  in  typhoid  fever 
in  no  wa}^  represents  the  methods  of  experimental  precision  which  are  possible 
in  animal  experimentation,  and  no  two  cases  of  typhoid  fever  exactly  resemble 
one  another.  In  the  first  place,  the  infecting  dose  when  derived  from  various 
sources  of  contagion  must  be  extremely  variable,  and  even  in  the  case  of  an  epi- 
demic, as  in  the  San  Pablo  epidemic,  which  forms  a  part  of  our  series  and  where 
the  contaminating  dose  may  be  assumed  to  be  somewhat  similar  in  all  the  cases, 
the  widest  variation  is  found  in  the  individual  reaction  to  the  infection,  a  varia- 
tion based  on  the  individual  resistance  natural  or  acquired.  We  regard,  then, 
the  use  of  alleged  control  cases  in  a  study  of  this  sort  as  fallacious,  inasmuch 
as  they  do  not  really  control  at  all,  and  should  prefer  to  judge  our  results,  first, 
on  the  basis  of  what  actually  occurs  in  each  and  every  case  following  the  treat- 
ment employed,  and,  secondly,  by  comparison  of  this  group  of  cases,  although 
limited,  with  other  recognized  standards  in  respect  to  mortality  incidence,  dura- 
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tion  of  the  disease,  and  the  percentage  of  occurrence  of  compHcations.  We 
beheve  that  judgment  arrived  at  on  this  basis  requires  more  convincing  evidence, 
which  we  beUeve  is  fortunately  present  in  this  particular  case. 

Twenty-six  of  our  cases  of  proved  typhoid  were  not  treated,  either  becavise 
it  was  impossible  to  treat  them,  or  because  we  believed  that  any  results  obtained 
in  them  might  lead  to  an  incorrectly  favorable  interpretation.  Thus,  in  nine  of 
our  cases  the  temperature  had  already  begun  to  fall,  or  the  patient  was  indeed 
already  afebrile.  Three  of  them  really  represented  a  post-typhoidal  condition, 
osteomyelitis,  for  example.  Five  refused  treatment.  In  three,  intravenous  in- 
jections could  not  be  given.  Concerning  three,  no  record  is  obtainable,  and  in 
three  more  death  occurred  before  the  laboratory  diagnosis  had  been  arrived  at. 
It  should  be  emphasized  that  in  no  case  was  treatment  withheld  on  account 
of  the  seriousness  of  the  patient's  condition,  a  fact  of  significance  in  considera- 
tion of  the  low  mortality  obtained.  In  two  at  least  of  our  six  fatal  cases  the 
prognosis   seemed   inevitably   fatal  when  treatment   was   begun.  * 

We  may  consider  for  a  moment  the  results  of  laboratory  diagnosis  in  the 
ninety-eight  cases  that  were  actually  treated.  The  diagnosis  was  based  first 
on  the  agglutination  test  (Widal)  in  all  instances,  on  blood  cultures  in  ninety- 
four  of  the  ninety-eight  cases,  and  in  many  instances  on  detection  of  the  typhoid 
bacillus  in  the  stool  and  urine.  The  agglutination  tests  were  made  by  the  macro- 
scopic method  with  the  employment  of  formalin-killed  cviltures  of  the  typhoid 
bacillus.  We  have  stated  in  our  previous  communication  that  complete  sedimen- 
tation of  the  added  bacteria  overnight,  even  in  dilutions  as  low  as  one  to  ten, 
are,  if  not  absolutely  diagnostic  of  typhoid  fever  (or  typhoid  vaccination),  at 
least  strongly  presumptive  evidence  of  it.  We  may  mention  here  that  of  sixty- 
seven  control,  nontyphoidal  cases  tested  in  connection  with  this  series,  the  Widal 
was  negative  by  this  method  in  a  dilution  of  one  to  ten  in  sixty-four  instances 
(95.5  per  cent).  The  three  exceptions  were  liver  abscess,  bronchitis,  and  tri- 
chiniasis,  in  the  first  and  last  of  which  previous  typhoid  could  by  no  means  be 
ruled  out.  On  the  basis  of  the  lower  dilution  94.8  per  cent  of  our  cases  gave  a 
positive  Widal  at  some  time  during  the  disease,  or  if  a  higher  and  usual  standard 
of  dilution  of  one  to  forty. alone  is  acceptable,  91.8  per  cent  of  our  cases  were 
positive.  Blood  cultures  (made  by  adding  10  c.c.  of  blood  to. 200  c.c.  of  10  per 
cent  bile  broth)  were  positive  in  our  series  in  71  per  cent,  and  in  13  per  cent 
only  were  blood  cultures  negative  when  more  than  one  examination  had  ]x'vn 
made.  In  68  per  cent  of  the  cases  both  Widal  and  blood  cultiu-es  were  ]>ositive. 
In  two  cases  alone  of  the  ninety-eight  were  both  Widal  and  blood  cultures  nega- 
tive, in  which  instances  diagnosis  was  based  on  the  isolation  of  tin-  iNplioid  ba- 
cillus from  the  stools  or  in"ine. 

The  intravenous  injection  of  our  vaccine  ])roduces  a  scries  of  distinct 
s\  niploms  which  vary  markedly  in  intensity  with  individuals  and  with  the  dose  em- 
ployed. The  usual  amount  on  initial  injection  has  been  1/50  of  a  milligram 
(corresponding  to  150  million  bacteria),  and  a  corresponding  dose  in  children, 
who,  as  in  jn'ophylactic  immunization  against  tyi)h()id.  react  less  markedly  than 
adults  to  corres])onding  anioimts.  I  shall  later  refer  to  the  tnidings  ol  other  in- 
\cstigators  who  ha\e  used  other  \accines  int  ra\  enonsly  .nid   who  lia\e  described 
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alarming  or  even  dangerous  symptoms  following. their  employment.  It  should 
be  noted,  however,  that  our  vaccine,  owing  to  its  sensitization  and  the  removal 
of  endotoxins,  certainly  gives  less  perturbing,  and,  so  far  as  we  have  observed, 
no  really  untoward  effect.  It  seems  necessary  to  produce  a  moderate  reaction 
in  order  to  effect  the  desired  result,  and  the  dosage  in  successive  inoculations 
has  been  increased  slightly  in  ord.er  to  produce  a  similar  train  of  symptoms  on 
each  inoculation,  which  a  continuance  of  the  same  dose  usually  fails  to  do.  The 
injection  of  the  vaccine  intravenously  is  followed  in  from  fifteen  minutes  to  an 
hour  by  a  chill,  which  lasts  from  a  few  minutes  to  ten  or  fifteen  minutes.  This 
chill,  or  shaking,  is  not  accompanied  by  a  feeling  of  coldness,  but  rather  by  a 
sense  of  involuntary,  spasmodic,  muscular  contraction.  The  chill  is  accompanied 
by  a  rise  in  temperature  of  one  to  three  degrees,  which  reaches  its  height  within 
three  hours  after  injection  and  then  falls.  There  may  be  a  rise  of  temperature 
without  a  chill  or  the  reverse.  The  rise  in  temperature  is  accompanied  by  a 
leucopenia,  which  may  fall  as  low  as  2000  to  3000  to  the  cubic  centimeter.  The 
chill  is  accompanied  by  an  increase  in  the  pulse  rate  and  may  be  accompanied  by 
slight  cyanosis,  slight  respiratory  distress,  and  frequently  a  sense  of  discomfort. 

The  temperature  reaches  normal  or  subnormal  in  about  twelve  hours.  This 
fall  in  temperature  is  accompanied  by  sweating,  which  may  be  profuse  and 
last  for  several  hours,  relaxation,  and  usually  general  amelioration  of  such 
symptoms  as  headache,  delirium,  and  the  like.  The  patient  often  feels  perfectly 
well,  and  this  condition,  even  when  transitory,  seems  beneficial.  Coincident 
with  the  fall  in  temperature  there  occurs  a  rise  in  the  leucocytes,  which  may 
reach  as  high  as  40,000  and  which  are  characterized  by  a  relative  polymorpho- 
nuclear increase.  I  shall  later  refer,  in  reviewing  the  w^ork  of  others  with  simi- 
lar methods,  to  the  dangers  that  have  appeared  with  slightly  different  vaccine 
preparations,  and  to  the  contraindications  to  such  injections  that  undoubtedly 
exist.  It  may  be  repeated,  however,  that  in  our  experience  of  1200  injections 
reactions  of  this  sort  have  never  appeared  harmful,  either  immediately  or  ulti- 
mately, and  contraindications  seem,  in  the  light  of  increasing  experience,  to 
grow  progressively  fewer. 

No  detailed  method  of  procedure  can  be  prescribed  for  treating  any  given 
case  of  typhoid  fever  by  this  method.  The  best  results  seem  to  be  obtained  by 
provoking  a  distinct,  but  not  too  severe,  reaction  of  the  type  outlined.  The 
dose  necessary  to  produce  such  a  result  varies  markedly  with  the  individual  and 
the  particular  balance  already  established  between  the  typhoid  bacillus  and  the 
reaction  antibodies  in  the  host.  The  temporary  drop  of  temperature  to  normal 
may  become  permanent  and  remain  there,  in  which  case  no  further  injections 
are  required,  except  for  the  prevention  of  relapse.  If  the  temperature  again 
rises  over  a  period  of  two  or  three  days,  the  injection  should  be  repeated  in 
slightly  increased  amotuit,  and  so  on  until  the  desired  result  is  produced  or  fur- 
ther injections  are  judged  futile.  A  considerable  number  of  injections  may  be 
given  with  perfect  safety.  As  many  as  fifteen  or  sixteen  have  been  given  in  cer- 
tain instances,  but  if  no  striking  result  is  obtained  following  three  or  four  in- 
jections at  two  or  three  day  intervals,  very  little  effect  from  the  treatment  may 
be  expected. 
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It  has  seemed  wise  to  us  previously  to  separate  our  cases  into  three  rather 
definite  groups  in  respect  to  the  resuUs  produced  by  the  vaccine  injections, 
and  we  see  no  reason  to  change  this  grouping  in  the  hght  of  further  experience. 
We  beheve  that  this  grouping,  based  on  resuhs  produced,  is  a  conservative 
one  and  by  no  means  represents  all  the  benefit  that  attends  this  method  of  treat- 
ing typhoid  fever.     We  have  briefly  referred  to  the  fact  that  the  temperature 
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I'ig.    1. — Case    No.    35.      Illustrating    an    abortive    cure. 


excursion  with  retiuni  to  normal  is  accompanied  by  subjective  feelings  of  well 
being,  although  at  times  of  slight  weakness,  and  would  seem  to  be  both  imme- 
diately and  ultimately  of  benefit  to  the  patient,  v^uch  subjective  amelioration 
is,  of  course,  open  to  error  in  interpretation,  but  would  seem,  not  only  to  us  but 


*Thc  fiata  in  these  charts  (Figs.  1,  2,  3)  are  abbreviated  as  follows:  M.  C  Itlnoil  Culture;  W. 
Widal;  A.  T.,  Antityphoid  serum;  75  M,  Sensitized  vaccine  corresponding  to  "5  million  typhoid  haccilli. 
The   temperatures   indicated   are    the   highest    maxima   forenoon    and    afternoon   on    each    day    by   rectum. 
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to  Others  who  have  watched  our  cases,  to  be  frequent  and  of  a  convincing  na- 
ture. The  nurses,  for  example,  in  charge  of  the  cases  not  only  volunteer  re- 
marks as  to  the  benefit  produced  by  the  vaccine  injections,  but  emphasize  the 
lessened  care  which  patients  treated  in  this  manner  entail.  We  prefer,  however, 
to  base  our  judgment  as  to  the  good  results  of  the  method  rather  on  the  more 
objective  results  that  have  been  produced,  the  shortening  of  the  duration  of  the 
fever,  its  frequent  abrupt  termination  in  an  abortive  form,  the  lessening  of 
mortality  and  of  complications  in  particular.  We  have  classified  the  three 
groups  of  results  obtained  as  abortively  recovered,  as  benefited,  or  as  unafTected, 
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Fig.   2. — Case  No.    43.      Illustrating   a  beaelited   case. 


and  herewith  present  again  charts   from  our  previous  article   illustrating  types 
of  recovery  of  these  three  kinds.      (Figs.   1,  2,  and  3.) 

A  summary  of  our  ninety-eight  cases  classified  under  these  three  headings 
proves  of  interest  not  only  in  respect  to  result  achieved,  but  as  bearing  on  the 
mechanism  by  which  it  is  effected.  In  Table  II  are  expressed  certain  character- 
istic findings  in  each  of  these  groups  of  cases  under  consideration,  which  we 
may  briefly  refer  to  in  drawing  certain  conclusions  as  to  their  significance. 
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Summary 

OF  Res 

ULTS   IX 

Table  II. 

98  Cases  of  Typhoid  Treated  by  Intravenous  Inji 
Sensitized  Vaccine  Sediment. 

ECTION   OF 

No. 

Age 

Widal  Titer     B.C. 

Treatment 
begun 
Day 

No.  of       Permanent 
Treat-        Normal 
ments    Temperature 

Duration 

of 
Treatment 

Aborted 

Benefited 

Unaffected 

33 
32 
33 

26.2 
24.2 
28.8 

296.0          36.6% 
156.5         70.9% 
114.8         84.8% 

13.4 
14.8 
13.7 

1.88                20.4 
3.20               30.6 
4.85               46.8 

7.0 
15.8 
33.1 

In  the  first  place,  it  will  be  seen  that  our  cases  may  be  divided  into  three 
almost  exactly  equal  groups  in  respect  to  results  produced.  These  groups, 
moreover,  are  of  almost  identical  age,  and  it  is  also  found  that  treatment  was 
begun  on  the  average  at  practically  the  same  time  in  the  three  groups.  They 
differ  in  practically  all  other  respects.  We  find  in  the  first  place  that  antibody 
formation,  as  evidenced  by  the  Widal  or  agglutinin  titer  in  the  cases  before 
injections  were  begun,  varies  markedly  in  accordance  with  the  eventual  out- 
come of  the  case  in  question.  In  the  abortively  cured  cases  the  Widal  is  found 
to  be  on  the  average  over  twice  as  high  as  in  the  unaffected  cases,  whereas  the 
benefited  cases  lie  intermediate  between  the  two  groups.  A  strong  Widal  is 
evidence,  then,  of  a  good  prognosis,  not  only  in  respect  to  these  treated  cases, 
but  probably  also  in  untreated  cases,  to  judge  from  the  experience  of  others. 
Inversely  correlative  with  the  strength  of  the  Widal  is  the  occurrence  of  the 
percentage  of  positive  blood  cultures  in  the  three  categories  under  discussion ; 
whereas  the  cases  that  respond  less  well  to  treatment  are  found  to  give  positive 
blood  cultures  in  nearly  85  per  cent  of  cases,  those  that  recover  abruptly  on 
treatment  had  positive  blood  cultures  in  only  36.6  per  cent.  The  benefited  cases 
again  lie  intermediate  between  the  two.  These  relations  between  blood  cultures 
and  antibody  formation  we  have  already  referred  to  as  representing  a  balance 
established  in  the  patient  before  intervention  between  the  infecting  agent  and 
the  resisting  power  of  the  host.  When  the  resisting  power  is  strongly  developed, 
a  favorable  outcome  may  be  more  confidently  expected. 

This  group  of  cases,  which  have  been  classified  as  abortively  cured  or 
abortively  recovered,  suggest  in  some  respects  the  mild  or  abortive  typhoid 
cases  which  are  discussed  in  most"  extensive  monographs  on  this  disease.  The 
typhus  levissimus  of  Griesinger,  the  typhoidette  of  Brouardel,  or  abortive 
typhoid,  forms  a  well  recognized  group  or  groups  that  must  occur  in  every 
considerable  collection  of  cases  of  typhoid  fever.  Estimates  vary  as  to  the 
exact  proportion  of  such  cases,  as  may  normally  be  expected.  It  is  probable, 
as  Curschmann*  suggests,  that  at  least  two  groups  should  be  formed,  the  mild 
typhoid  fevers  and  the  abortive  typhoid  fevers,  the  latter  more  frequently, 
though  by  no  means  invariably,  characterifed  by  a  somewhat  abrupt  rise  and 
fall  of  temperature  and  an  abbreviated  fastigium.  McCrae  in  his  1500  cases 
found  three  per  cent  of  mild  forms  of  the  disease,  and,  in  addition,  0.1  of  one 
per  cent  of  his  cases  recovered  by  crisis.  Letulle^  found  that  these  two  types 
of  the  disease  occurred  particularly  in  certain  epidemics  and  in  children.  He 
finds  something  over  17  per  cent  in  the  cases  of  the  disease  which  he  collected. 
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This  figure  may  certainly  be  regarded  as  an  extreme  maximum  of  occurrence. 
According  to  Curschmann,  the  abortive  and  mild  forms  frequently  have  only 
three  to  six  days  of  fever  and  almost  never  over  ten  or  twelve  days,  w^ith  which 
statement  Hare  and  Beardsley'^  would  agree.  At  all  events,  the  cases  of  mild 
and  abortive  typhoid  together  must  constitute  a  relatively  small  percentage  of 
all,  in  spite  of  the  figures  of  Letulle.  Hare  and  Beardsley  note  that  Coleman 
found  only  twenty-four  such  cases  in  five  years'  experience  at  the  Bellevue 
Hospital  in  New  York.  At  all  events,  no  such  number  as  one-third  of  all  the 
cases,  as  in  our  series,  could  be  found  in  this  way  without  some  type  of  inter- 
vention. It  may  further  be  noted  that  our  cases  almost  invariably  have  oc- 
curred beyond  the  limit  of  ten  to  twelve  days  set  by  Curschmann,  and  have 
practically  invariably  been  characterized  by  a  critical  fall  of  temperature,  and 
what  is  more  important  still,  show  a  direct  relation  between  this  critical  fall 
and  the  injection  of  vaccine.  Our  cases  do  not  represent  the  mild  epidemics  of 
Letulle,  nor  has  any  considerable  number  of  them  been  furnished  by  children. 
They  have  been  gathered  over  three  seasons  and  in  widely  different  localities. 
As  may  be  anticipated,  the  abortively  recovered  cases  represent,  by-  and  large, 
the  milder  cases  of  the  disease  in  this  series  as  estimated  before  treatment  was 
begun.  Our  characterization  of  a  preponderance  of  these  abortively  cured  cases 
as  milder  has  no  relation,  however,  to  the  small  group  of  mild  and  abortive 
forms  that  have  just  been  discussed.  We  have  endeavored  to  register  our  im- 
pression as  to  the  severity  of  each  case  before  treatment  was  begun,  and  the 
results  are  expressed  in  ,Table  HI,  where  it  is  found  that  many  more  severe 
cases  occur  among  those  that  remain  unaffected  by  treatment,  and  many  more 
mild  cases  occur  among  those  that  are  aborted,  whereas  the  benefited  cases  would 
seem  to  lie  intermediate  between  the  two. 

Table  III. 
General  Condition  of  Cases  Before  Treatment. 

SEVERE  MOPERATE  MILO 

Unaffected  26  6  1 

Benefited  10  17  5 

Aborted  4  13  16 


It  is  evident,  then,  that  the  milder  cases  react  better  to  Ircatment  than  the 
more  severe,  but  even  the  most  severe  ones  will  in  some  instances  at  least  be 
benefited  and  even  aborted.  We  believe  the  effects  actually  produced  are  best 
represented  by  the  figures  given  under  "Permanent  normal  temperature"  and 
"Duration  of  Treatment"  in  Table  II.  It  is  found  that  a  permanent  normal  tem- 
perature was  obtained  in  the  third  of  the  cases  that  are  called  aborted  on  an 
average  at  about  the  twentieth  day.  When  one  considers  that  the  treatment  of 
these  cases  was  not  begun  until  the  thirteenth  day,  the  really  signilicant  iigure  of 
seven  days  as  the  average  duration  of  treatment  required  to  restore  the  patient 
to  an  essentially  normal  condition,  so  far  as  the  temperature  is  concerned,  is 
obtained.  We  find,  moreover,  that  it  took  on  the  average  a  little  under  two  in- 
jections to  produce  this  result.  The  fall  of  temperature  by  crisis,  which  is  ex- 
emplified in  the  Fig.   1  used  to  illustrate  the  abortive  cure,  is  characteristic  of 
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this  category,  although  the  abrupt  fall  may  not  occur  in  every  instance  on  the 
first   injection. 

The  benefited  cases,  again,  are  well  typified  in  Fig.  2 ;  each  successive  in- 
jection of  vaccine  produces  a  permanent  fall  in  temperature  on  the  average  of 
one  degree,  and  it  may  require  several,  on  the  average  a  little  over  three  in- 
jections, to  reduce  the  temperature  to  a  permanent  normal.  The  average  dura- 
tion, then,  of  these  cases  is  found  to  be  30.6  days,  and  the  duration  of  treatment 
the  more  significant  figure,  15.8  days. 

The  cases  that  have  been  listed  as  unaffected,  although  show^ing  the  ordi- 
nary temperature  excursions  follow^ing  each  injection,  are  characterized  by  a 
prompt  return  of  the  temperature  to  its  original  or  nearly  its  original  height. 
The  impression  has  remained  in  the  minds  of  many  who  have  seen  these  cases 
that  they  are  really  benefited,  but  since  we  have  taken  the  reduction  of  temper- 
ature as  our  criterion  of  results,  we  prefer  not  to  emphasize  any  good  effect  that 
may  have  occurred  in  these  cases,  beyond  the  diminution  in  complications  and 
mortality,  to  which  we  shall  presently  refer.  Even  in  this  group  of  cases  the 
average  duration  is  by  no  means  extraordinary,  46.8  days,  although  it  does 
exceed  somewhat,  perhaps,  a  normal  average  duration  of  cases  of  typhoid  fever. 
It  is  extremely  difficult  to  estimate  what  such  an  average  duration  usually  is. 
Curschmann  regards  the  mild  cases  as  lasting  on  an  average  of  twenty-one  to 
thirty-three  days.  In  McCrae's'^  figures  the  average  febrile  period  was  thirty- 
one  days.  It  should  be  noted  that  our  figures  refer  to  the  total  duration  of  the 
disease  from  its  initial  symptoms,  so  far  as  they  can  be  estimated  from  the 
patient's  history,  and  not  from  the  known  duration  of  the  fever  itself.  The 
group  of  cases,  then,  that  \va.s  best  affected  may  reasonably  be  regarded  as 
having  run  a  distinctly  short  course,  and  the  average  of  all  cases,  which  is 
about  twenty-nine  days,  is  not  markedly  different  from  McCrae's  thirty-one 
days. 

The  mortality  in  this  series  of  ninety-eight  treated  cases  is  6.6  per  cent, 
which,  when  one  considers  that  the  cases  were  treated  over  a  period  of  three 
seasons  under  varying  conditions  of  care  in  private  houses,  as  well  as  hospitals, 
and,  moreover,  treated  in  dift'erent  parts  of  the  country,  is  certainly  a  very  sat- 
isfactory figure.  The  average  mortality  is  usually  figured  at  10  per  cent.  The 
cases  of  death  were  predominantly  due  to  the  accidents  of  typhoid,  three  to 
hemorrhage,  complicated  with  perforation  in  two  instances,  two  to  a  combination 
of  laryngitis  and  bronchopneumonia,  and  one  only  to  typhoid  toxemia. 

The  complications,  again,  were  few  in  number,  and  only  thirteen  in  all  in 
the  entire  ninety-eight  cases  (13.2  per  cent).  This  means,  not  that  thirteen  cases 
showed  complications,  for  there  were  indeed  only  eight  cases  which  showed  com- 
plications, bul.  the  total  number  of  complications  was  thirteen.  These  complica- 
tions were  as  follows :  pyelitis  one  case,  lobar  pneumonia  one  case,  laryngitis  two 
cases,  bronchopneumonia  two  cases,  toxemia  one  case,  hemorrhage  four  cases, 
perforation  two  cases.  The  percentage  of  hemorrhage  (4%  +  )  and  of  perforation 
(2%)  is  certainly  below  what  may  be  expected  as  the  usual  averages  for  these 
complications  ;  5  to  10  per  cent  for  hemorrhage  and  3  to  4  per  cent  for  perforation. 
Although  the  earlier  study  of  vaccine  therapy  in  typhoid  certainly  led  to  the  im- 
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pression,  particularly  when  the  vaccine  was  administered  subcutaneously,  that 
complications  were  diminished  (Krumbhaar  and  Richardson,^  Callison^),  more 
recent  work  would  seem  to  show  that  no  distinct  effect  on  the  complications  can 
be  expected  by  the  more  recent  intravenous  type  of  treatment  (Szecsy/°  Wilt- 
shire," Reiter/-  and  Guinon  and  Malarte^"). 

The  relapses  are  of  particular  interest  in  this  series  of  cases  because  they 
show  what  we  believe  to  be  the  effect  of  a  method  of  treatment  which  we  sug- 
gested in  our  previous  article,  and  which  has  since  been  emphasized  by  others. 
It  seemed  from  our  previous  work  that  relapses  would  be  less  likely  to  occur  if  the 
intravenous  injections  were  followed,  when  the  temperature  had  returned  to 
normal,  by  a  set  of  three  subcutaneous  injections  on  alternate  days  of  the  regular 
prophylactic  dose  (800  million  bacteria  or  0.1  milligram  of  our  sensitized  vac- 
cine.)''' This  method  of  treatment  has  likewise  been  recommended  by  Meyer, ^* 
Meyer  and  Altstaedt,^'^  and  Wiltshire. ^^  There  were  ten  relapses  (10.2  per  cent) 
in  our  series  which  may  be  compared  with  the  usual  average  of  11.4  per  cent  given 
by  McCrae.  Eight  of  our  relapses,  however,  occurred  in  cases  in  which  the  intra- 
venous injections  were  not  followed  up  by  the  subcutaneous  treatment,  so  that 
when  we  come  to  divide  the  cases  in  relation  to  this  treatment  into  two  categories, 
we  find  that  relapses  occurred  in  only  5.39  per  cent  of  the  subcutaneously  treated 
cases  (S7)  and  in  11.59  per  cent  of  the  cases  in  which  intravenous  injection  alone 
was  given  (69).  We  believe,  then,  that  this  method  should  be  followed  in  every 
case. 

SUMMARY    OF    RECENT    LITERATURE    ON    VACCINE    THERAPY    OF    TYPHOID. 

We  may  next  consider  the  very  considerable  number  of  articles  which  have 
dealt  with  dift'erent  methods  of  vaccine  treatment  of  typhoid  fever  in  the  past  few 
years.  We  do  not  intend  at  this  point  to  repeat  a  historical  account  of  the  develop- 
ment of  vaccine  therapy  in  this  disease,  but  wish  here  to  give  a  summary  of  the 
results  in  very  recent  years,  roughly  from  1913  to  1917,  both  as  indicating  the 
extent  to  which  these  investigations  have  been  pursued,  but  more  particularly  as 
indicating  which  of  these  methods  is  best.  We  have  summarized  in  Table  I\' 
the  results  obtained  by  a  considerable  series  of  observers  who  have  used  dift'erent, 
or  in  some  cases  several  methods  of  \accine  treatment. 

Tahle  IV.  t 

Su.MM.\Rv  OF  Results  Obt.ained  by   Recent  Observers    (1913-17)    in  the  Treatment  of 
Typhoid  Fever  by  Vaccines  Administered  in  Various  Ways. 


OBSERVERS  total  ESTIMATES      BENEFITED      MORTALITY 

CASES  BASED   ON 


Untreated  vaccine 

subcutaneously  30  1001  512  46%  14.57o 

Sensitized  vaccine 

subcutaneously  14  593  239  69%  8.07o 

Untreated  vaccine 

intravenously  22  501  233  62%  13.0% 

Sensitized  \-accine 

intrnvciioiislv  12  4?^?  31()  S.V'I  11.0%  _ 

•These  vaccine  injections  in  tlie  convalescoiil  tyi)lii>iil  will  in  a  few  instances  cause  a  rise  in  tem- 
perature nf  a  (IcKree  on  the  same  or  the  following  <lav. 

tThe  authors  referred  to  in  this  summary  are  herewith  given,  a  division  being  made  in  respect  to  the 
type  of  vaccine   employed   and   its   method   of   administration,   as   in    the   table.      (1)    Recent   authors   reporling 
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It  will  be  noted,  first,  that  the  most  frequent  method  of  vaccine  treatment  in 
typhoid  has  been  the  subcutaneous  injection  of  ordinary  and  usually  heat-killed, 
untreated  typhoid  vaccines.  The  thirty  authors  on  whose  work  we  base  our 
estimates,  it  should  be  repeated,  are  only  very  recent  writers  on  the  subject  and  by 
no  means  indicate  the  extent  to  which  this  method  has  been  employed  in  previous 
years,  a  summary  of  which  may  be  found  in  some  of  the  articles  quoted.  This 
method  of  treatment,  however,  still  remains  somewhat  the  predominating  one. 
Later  modifications  that  have  been  introduced  are,  first  ,the  use  of  sensitized  vac- 
cine subcutaneously,  and  then  the  injection  intravenously  either  of  plain  vaccine 
or  of  sensitized  vaccine.  We  have  endeavored  to  estimate  the  results  obtained 
by  each  of  these  methods  of  treatment.  It  is  obvious  that  any  such  estimate  is 
arrived  at  with  difficulty.  In  the  first  place,  many  authors  give  wholly  indefinite 
accounts  of  even  the  number  of  cases  that  they  have  treated,  and  even  when  the 
number  is  mentioned,  the  results  obtained  are  frequently  referred  to  as  good,  bad, 
or  indifferent.  The  figures  in  the  third  column,  on  which  the  estimates  of  the  per- 
centage of  benefit  derived  from  each  method  of  treatment  is  based,  represent  all 
the  cases  in  the  total  number  considered,  in  which  a  definite  statement  of  result  by 
the  author  was  made. 

One  thing  stands  out  preeminently  in  a  consideration  of  this  total  recent  litera- 
ture, and  that  is  that  the  great  majority  of  the  authors  believe  the  vaccine  treat- 
ment, irrespective  of  the  method  pursued,  to  be  of  benefit.  The  very  few  indi- 
viduals who  remain  unconvinced  of  the  value  of  the  treatment  or  mention  dangers 
in  its  employment  have  based  their  opinion  on  very  few  cases  and  a  corresponding 
inexperience  in  the  use  of  vaccine  (Zupnik,^^  Peutz,^^  Sladek  and  Kotlowski,^* 
Deutsch^^).  It  seems  further  distinctly  indicated  from  this  table  that  the  degree 
of  benefit,  and,  to  some  extent,  the  reduction  of  mortality,  would  seem  to  increase 
with  each  successive  innovation  that  has  been  suggested  in  i^ecent  years.  The  best 
results  unquestionably  seem  to  have  been  obtained  by  the  intravenous  injection  of 
sensitized  typhoid  vaccine,  the  sensitization  having  been  either  by  the  use  of  con- 
valescent serum,  as  advocated  by  Ichikawa,  or  by  the  use  of  a  vaccine  similar  to 
the  Besredka  living  typhoid  vaccine.  The  superior  results  of  sensitized  vaccines 
and  of  intravenous  injection  over  other  methods  is  further  evidenced  when  we  con- 
sider those  authors  who  have  used  more  than  one  of  the  methods  outlined.  Thus, 
we  find  that  Lowy,  Lucksch  and  Wilhelm-°  obtained  better  results  in  their  cases  by 
giving  plain  vaccine  intravenously  than  when  it  was  given  subcutaneously.  Similar 
conclusions  were  drawn  by  Ortiz,  Acuna  and  Belloc.'^  Paltauf,^^  Holler,^^  and 
FeistmanteP*  all  conclude  that  sensitized  vaccines  produce  better  results  than  un- 
sensitized  vaccines. 


on  the'  use  of  untreated  vaccine  subcutaneously:  1911,  Fletcher,  1912,  Sadler,  Callison;  1913,  Fornet; 
1914,  Josne  and  Belloir,  Weil,  Sacquepee  and  Chevrel,  Guinon  and  Malarte,  Pensuti,  Daretti;  191i,  Gold- 
scheider  and  Aust,  Bourke,  Evans  and  Rowland,  Feistmantel,  Mertz,  Peiper,  Krumbhaar  and  Richardson, 
Groer,  Wiltshire  and  MacGillycuddy,  Lowy,  Lucksch  and  Wilhelm,  Kahn,  Reiter,  Meyer,  F.,  Brach  and 
Frohlich,  Boselli;  1916,  Lemanske,  Peutz,  Whittington,  Zupnik,  Miiller  and  Leiner,  Waitzfelder.  (2) 
Authors  who  have  employed  sensitized  vaccine  subcutaneously:  1912,  Ardin-Delteil,  Negre  and  Raynaud; 
1913,  Ardin-Delteil,  Negre  and  Raynaud,  Roques,  Boinet;  1915,  Petrovitch,  Ardin-Delteil,  Negre  and  Ray- 
naud, Garbat,  Feistmantel,  Szecsy,  Liebermann,  Fellner,  Lowy,  Lucksch  and  Wilhelm,  Boral,  Deutsch; 
1916,  Galambos,  Mayer.  (3)  Authors  who  have  injected  untreated  vaccine  intravenously:  1913,  Thiroloix 
and  Bardon;  1914,  Kraus  and  Mazza,  Kraus;  1915,  Biedl,  Ditthorn  and  Schultz,  Csernel  and  Marton, 
Reibmayr,  H.,  Mazza,  McWilliams,  H.  I.,  Holler,  Paulicek,  Meyer,  Rhein,  Leutz,  Ortiz,  Acuna  and  Belloc; 
1916,  Faginoli,  A.,  Petzetakis,  Zupnik,  Miiller  and  Leiner,  Lowy,  Lucksch  and  Wilhelm.  (4)  Authors  who 
have  injected  sensitized  vaccine  intravenously:  1912,  Ichikawa;  1914,  Meyer  and  Altstaedt;  1915,  Biedl,  Eg- 
gerth.  Holler,  Sladek  and  Kotlowski,  Koramyi,  Landsberger,  Lowy,  Lucksch  and  Wilhelm;  1916,  Rohoni, 
Galambos;   1917,   Caronia. 
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It  remains  now  to  oflfer  what  explanation  we  may  as  to  the  mechanism 
by  which  the  unquestionably  beneficial  effects  of  vaccine  therapy  in  typhoid  are 
brought  about,  and,  particularly,  why  the  intravenous  treatment  is  better  and  the 
sensitized  vaccine  superior  to  the  unsensitized.  These  relative  differences  seem  to 
emerge  inevitably  from  the  attentive  consideration  of  the  literature  that  we  have 
given,  and  have,  at  least  in  part,  been  preceded  or  followed  by  theoretical  explana- 
tions of  heuristic  value. 

SPECIFICITY    OF    VACCINE    THERAPY. 

We  were  careful  to  state  in  our  previous  article  that  the  method  of  therapy 
which  we  were  advocating  covild  by  no  means  be  regarded  as  strictly  specific  in 
view  of  the  results  that  had  been  obtained  by  other  investigators.  These  results 
have  since  been  markedly  extended  and  may  now  be  more  readily  classified  than  a 
year  ago.  In  the  first  place,  it  has  been  found  that  beneficial  effects  of  a  very 
similar  nature  and  characterized  by  similar  reactions  to  those  described  have  been 
produced  in  typhoid  fever  by  the  administration  of  vaccines  prepared  from  bacteria 
other  than  the  Bacillus  typhosus.  Kraus-^  was  the  first  to  note  that  he  obtained 
beneficial  results  on  the  intravenous  injection  of  colon  as  well  as  of  typhoid  vac- 
cines. Ludke-^  and  Lucksch-"  both  obtained  results  with  colon  vaccine,  and  the 
latter  author  obtained  a  favorable  effect  by  gonococcus  vaccines  and  by  sodium  nu- 
cleinate.  Zupnik^^  has  utilized  a  vaccine  made  from  the  mouse  typhoid  bacillus  as 
less  toxic  and  as  useful  as  true  typhoid  vaccine.  Reibmayr,-^  who  has  employed 
colon  and  cholera  vaccines  in  typhoid,  as  well  as  typhoid  vaccine,  concludes  that 
the  former,  although  beneficial,  are  not  as  good  as  that  derived  from  the  specific 
microorganism. 

In  a  similar  manner  it  has  been  found  that  other  acute  infectious  diseases 
may  be  beneficially  affected  by  the  intravenous  injection  of  their  corresponding 
vaccines  or  of  other  vaccines.  Thus,  Kraus-^  notes  the  beneficial  effect  produced 
in  cases  of  puerperal  sepsis  and  pyocyaneus  infections  by  the  use  of  a  colon  vac- 
cine. Rhein'"  notes  the  beneficial  effect  in  paratyphoid  fever  of  typhoid  vaccine. 
Nolf'^  utilized  peptone  solutions  advantageously  in  streptococcus  infections. 
Miller  and  Lusk^-  have  employed  typhoid  vaccine  by  intravenous  injection  advan- 
tageously in  acute,  subacute  and  chronic  arthritis. 

This  leads  to  a  consideration  of  the  less  complex  proteins  and,  indeed,  simple 
inorganic  salts  that  have  been  employed  with  claim  to  equally  favorable  results 
both  in  typhoid  and  in  other  acute  infections.  Ludkc-'"  has  described  the  use  of 
deutero-albumose  in  typhoid,  Weichardt^^  the  employment  of  allnnnin  solutions, 
and  Nolf,  as  already  mentioned,  has  used  one-half  a  gram  of  pc'i^tone  dissolved 
in  200  c.c.  of  normal  saline  and  administered  intravenously,  liaradulin-'*  has 
utilized  dextrose  solutions  in  consideral)le  amount  in  cases  of  surgical  sepsis,  and 
Weichardt  and  Knglandcr '''  liave  ojjtained  similar  results  with  normal  ])hysiological 
saline  alone.  The  use  of  colloidal  gold  (Colibiasc)  by  Letulle  and  Mage."'  P)ara- 
chon,"  Gay,^*  L,abbe  and  Moussaud,^"  and  Delbef"  would  seem  simply  another 
instance  of  the  nonspecificity  of  the  reaction  that  we  have  described.. 

It  should  be  reiterated  that  in  each  and  all  of  these  instances  the  bcnclicial 
effects  produced,  which  are  undoubted,  are  brought  about  by  the  intravowxis  in- 
jections of  a  nonspecific  \acoine,  a  less  cfjmj^lcx  protein,  or  even  a  complex  or 
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simple  organic  or  inorganic  substance.  These  injections,  moreover,  have  all  been 
characterized  by  the  train  of  symptoms  we  have  described  with  typhoid  vaccines, 
of  chill,  temperature  excursion,  and  the  results  in  the  nature  of  critical  recovery 
have  been  similar,  though  probably  dififering  in  relative  percentage. 

MECHANISM    OF    CURE   IN    INTRAVENOUS   VACCINE    THERAPY. 

This  proof  of  the  nonspecificity  of  the  most  favorable  results  that  can  be  pro- 
duced by  a  typhoid  vaccine  in  typhoid  fever  should  not  onlv  not  discourage  us  but 
lead  us  to  inquire  further  into  the  mechanism  of  the  reaction  on  which  this  benefit 
depends.  In  our  previous  work  (Gay  and  Claypole,  Gay  and  Chickering)  we  have 
been  led  to  attribute  significance  to  two  factors,  which  we  believe  are  not  only  con- 
cerned in,  but  are  of  importance  in  the  reaction  which  is  produced  by  intravenous 
vaccine  injections.  The  first  of  these  factors  is  the  hyperleucocytosis  which  fol- 
lowing our  observations  has  also  been  found  to  occur  by  a  number  of  authors 
(McWilliams,^^  Holler,-^  Lowy,  Lucksch  and  Wilhelm,-°  Lucksch,^^  and  Ro- 
honyi^-).  It  has  also  been  shown  that  many  of  the  substances  which  in  a  non- 
specific manner  may  lead  to  the  same  effects  as,  for  example,  nucleon  (Melnikowa 
and  Wersilowa*^),  and  colloidal  gold  (Busquet,**  Barachon^'),  also  increase  the 
leucocyte  count,  to  which  fact  their  results  have  been  attributed. 

As  a  second  factor  on  which  the  degree  of  benefit  obtained  would  seem  to 
depend  is  the  antibody  content  of  the  patient.  This  we  have  already  brought  out 
in  previous  work  and  repeated  in  this  article,  where  it  is  found  that  the  strength  of 
the  \Mdal  titer  seems  to  vary  directly  with  the  benefit  that  results  from  injection. 
This  observation,  moreover,  would  agree  with  the  incidental  observation  of  a  num- 
ber of  observers  that  prognosis  in  general  is  more  or  less  dependent  on  the 
strength  of  antibodies  in  the  patient,  and,  particularly,  that  the  prognosis  of  vac- 
cine injection  likewise  bears  some  relation  to  the  degree  to  which  the  individual 
has  reacted  against  the  infection.  Of  like  significance  is  the  extremely  mild  and 
favorable  course  of  typhoid  fever  in  the  vaccinated.  Koranyi*^  has  found  that 
the  opsonic  index  rises  after  vaccine  injection  in  typhoid,  and  Inez  Smith  in  our 
laboratory  has  apparently  been  able  to  demonstrate  a  distinct  relation  in  the  degree 
to  which  the  opsonic  index  increases  after  intravenous  injection  and  the  result 
produced.  In  other  words,  the  opsonic  index  rose  much  more  markedly  in  the 
cases  that  were  abortively  cured  than  in  either  the  benefited  or  the  unaffected  cases. 
We  have  frequently  found  that  the  agglutinin  titer  rises  after  the  vaccine  in- 
jection. 

Our  previous  hypothesis  as  to  the  mechanism  by  which  cure  was  effected  in 
the  most  striking  instances  w^as,  briefly,  that  it  w'as  due  to  a  cooperation  between 
the  leucocytes  that  were  called  out  by  the  injection  and  the  antibodies  already 
present  in  the  patient,  which  latter  substances  acting  as  tropines  caused  the  diges- 
tion and  destruction  of  the  typhoid  bacilli  in  the  body  by  the  increased  white 
blood  corpuscles.  We  gave  several  reasons  for  regarding  this  mechanism  as 
probably  apart  from  the  now  proved  relation  of  the  antibody  strength  and  the 
leucocytic  increase  to  the  result  obtained.  In  the  first  place,  it  can  be  shown  by 
blood  culture  in  some,  though  by  no  means  all,  instances  that  the  bacteria  disappear 
rapidly  from  the  peripheral  circulation  following  the  injection.     Similar  results 
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have  been  obtained  by  other  investigators.  This  working  hypothesis  may  or  may 
not  be  the  correct  or  ultimate  explanation  of  the  results  produced  by  this  non- 
specific reaction  in  typhoid  fever  and  in  other  acute  infections.  There  are  other 
explanations  which  are  probably  no  more  ultimate  and  which,  indeed,  are  not  of 
necessity  in  any  direct  conflict  with  the  one  we  have  presented.  Jobling  and 
Petersen**'  have  attributed  the  results  produced  by  the  reaction  as  due  to  a  dis- 
turbance of  ferment,  antiferment  balance,  the  antiferment  being  absorbed  and  the 
ferment  being  allowed  to  act.  This  explanation  is  certainly  a  very  attractive  one. 
Teague  and  McWilliams*^  in  recent  experiments  on  rabbits  also  bring  forth  cer- 
tain results  which  must  be  taken  into  consideration  in  explaining  this  type  of 
therapy.  They  find  that  the  injection  of  vaccine  in  rabbits  produces  a  refractory 
condition  which  renders  these  animals  temporarily  more  resistant  to  infection 
with  the  typhoid  bacillus.  They  would  attribute  the  results  produced  in  the  favor- 
able cases  of  treatment  to  an  overflowing  of  bactericidal  substances,  which  are 
found  to  be  present  in  the  circulating  blood,  into  the  remoter  lymph  spaces  which 
serve  as  metastatic  foci  in  t}'phoid  fever,  and  the  consequent  destruction  of  the 
bacteria  that  are  present  in  them. 

It  makes  very  little  difference  whether  we  regard  the  leucocytes  or  bactericidal 
ferments  in  the  serum  as  the  cause  of  the  ultimate  destruction  of  the  bacteria, 
with  which  recovery  seems  to  be  associated.  It  is  probable,  indeed,  that  the 
white  blood  cells  are  the  sources  of  the  ferments,  and  we  see  no  reason  why  these 
various  factors  and  experiments  that  have  been  brought  out  by  Teague  and  Mc- 
Williams,  Jobling  and  Petersen,  and  ourselves  will  not  eventually  stand  in  har- 
mony in  the  ultimate  explanation  which  may  soon  come. 

In  our  previous  article  we  expressed  the  hope  that  it  might  be  possible  to 
increase  the  percentage  of  most  favorably  reacting  cases  by  supplying  the  hypo- 
thetical lack  of  antibodies,  which  seems  to  be  characteristic  of  the  unaffected 
cases.  We  mentioned  two  or  three  cases  in  which  we  apparently  were  able  to 
produce  abortive  cures,  although  the  antibody  content  was  low,  by  .injecting  an 
immune  serum  followed  by  vaccine.  We  have  since  continued  these  experiments, 
but  it  must  be  confessed  with  no  very  encouraging  result.  In  the  first  place,  it 
seemed  necessary  to  determine  the  best  type  of  protective  or  curative  antiserum 
that  could  be  produced.  We  have  utilized  goats  for  the  purpose  and  immunized 
individual  animals  on  the  one  hand  with  sensitized,  and  on  the  other  with  unsen- 
sitized  living  typhoid  polyvalent  vaccines.  It  was  found  possible  to  compare  the 
protective  value  of  such  sera  with  considerable  accuracy  by  injecting  them  sub- 
cutaneously  in  mice  with  a  subsequent  intraperitoneal  injection  of  typhoid  bacilli 
grown  on  blood  media.  No  striking  differences  in  the  protective  value  of  the 
unsensitized  as  against  the  sensitized  sera  was  evident.  We  then  tried  the  effect 
of  such  sera  in  a  few  human  cases  of  typhoid  and  found  that  the  serum  alone 
usually  produced  the  same  type- of  nonspecific  reaction  brought  about  by  the 
vaccine.  A  great  deal  of  work  has  recently  been  done  in  I'rancc  on  the  use  of 
antityphoid  scrum  of  this  general  type,  particularly  the  serum  advocated  by 
Rodet.  In  a  series  of  articles  from  1910  to  the  present  time  Rodct  and  his  col- 
laborators'*^ have  described  the  pre[)aration  of  an  aiitityi)h()i(l  serum  in  horses 
and  the  results  produced  by  it.     Similarly  favorable  results  lia\c  also  been  oh- 
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tained  by  Remond  and  Manvielle*^  and  I'itienne/^'^  A  survey  of  their  results,  how- 
ever, does  not  lead  one  to  believe  that  the  results  with  the  serum  even  when  given 
intravenously  are  as  good  as  those  produced  by  means  of  vaccine,  and,  indeed, 
the  results  produced  would  seem  due  rather  to  the  reaction  which  the  injection 
causes,  and  which  differs  only  in  degree  from  the  reaction  produced  by  vaccine, 
than  to  any  antibodies  that  are  present  in  the  serum.  Abortive  cures  are  reported 
by  these  observers ;  fitienne,  for  example,  in  12  cases  out  of  200,  and  Rodet  in  a 
somewhat  larger  percentage,  but  these  abortive  cures  would  seem  to  be  less  fre- 
quent than  wdien  vaccine  is  employed,  and  the  shortening  of  the  disease,  although 
distinct,  is  by  no  means  as  pronounced  as  by  the  use  of  vaccine. 

In  view  of  the  nonspecificity  of  the  characteristic  reaction  on  which  the  vac- 
cine treatment  of  typhoid  depends,  it  may  be  questioned  why  we  continue  to  ad- 
vocate typhoid  vaccine  in  preference  to  any  of  the  other  substances  that  have  been 
employed.  To  repeat  our  opinion  of  a  year  ago,  we  would  say  that  typhoid  vac- 
cine alone  can  build  up  the  specific  immunity  to  the  typhoid  bacillus,  on  which,  at  J 
least  in  part,  the  cure  may  depend,  and  with  which  a  lessening  of  complications  ' 
Avould  seem  certainly  to  be  associated.  Typhoid  vaccine,  moreover,  when  em- 
ployed in  the  form  of  the  Gay-Claypole  sensitized  sediment  is  a  harmless  sub- 
stance, convenient  to  employ  and  active  in  very  small  amounts.  Again,  the  de- 
gree of  leucocytosis  on  which  the  result  obtained  would  seem  in  part  to  depend  is, 
we  still  believe,  increased  in  a  relatively  specific  manner  when  a  sensitized  vac- 
cine is  used.  We  are  aware  that  McWilliams^'^  has  been  unable  to  repeat  some  of 
our  experiments  on  specific  hyperleucocytosis.  We  are  not  prepared  to  state  to 
what  her  failures  were  due. 

Zinsser  and  Tsen^'  have  found  at  least  that  immune  animals  react  more 
markedly  to  bacterial  injections  than  do  normal  ones.  They  do  not,  however, 
agree  with  us  that  this  reaction  is  absolutely  specific  in  that  heterologous  antigens 
will  apparently  produce  the  same  effect.  It  is  unfortunate  that  neither  of  these 
investigators  has  repeated  our  experiments,  in  which  we  found  that  normal 
animals  reacted  more  markedly  to  sensitized  vaccines  than  to  untreated  vaccines. 

SUMMARY    AND    CONCLUSIONS. 

This  article  records  our  experience  in  the  treatment  of  ninety-eight  authenti- 
cated cases  of  typhoid  fever  over  a  period  of  two  and  one-half  years  by  the  intra- 
venous injection  of  a  polyvalent  sensitized  typhoid  vaccine  sediment  (Gay-Clay- 
pole vaccine).  The  cases  were  observed  for  the  most  part  in  hospitals,  but  to 
some  extent  in  private  houses.  The  series  includes  cases  studied  in  New  York 
City,  as  well  as  in  California.  We  regard  the  treatment  as  indicated  in  any 
case*  of  typhoid  fever  that  is  still  febrile,  on.  the  basis  of  our  results  which 
seem  excellent.  The  mortality  in  these  cases  was  low  (6.6  per  cent)  and  the 
complications  few.  Relapses  were  distinctly  reduced  in  those  cases  in  which 
the  intravenous  injections  were  followed  by  a  series  of  three  subcutaneous  in- 
oculations after  the  temperature  had  reached  normal. 

Our  estimate  of  the  beneficial  results  which  have  followed  this  treatment, 
apart  from  the  probable  reduction  of  mortality  and  complications,  is  based  on 
the  following  facts : 
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1.  In  one-third  of  the  cases  the  temperature  fell  critically  following  the 
first  or  second  injection,  and  a  permanent  normal  was  established  on  the  average 
within  a  week  after  beginning  treatment. 

2.  In  a  second  series  of  cases  each  injection  was  followed  by  a  permanent 
decrease  of  a  degree  or  more  in  the  temperature. 

3.  Subjective  benefit,  apart  from  temperature  changes,  seemed  to  follow 
the  majority  of  inoculations. 

The  treatment  is  perfectly  harmless  with  the  particular  vaccine  and  under 
the  conditions  employed. 

A  detailed  consideration  of  similar  methods  of  therapy  that  have  been 
studied  with  increasing  interest  in  the  last  two  years  would  seem  to  show  that 
intravenous  injections  are  far  superior  to  subcutaneous  injections  of  vaccine, 
and  that  sensitized  vaccines  are  better  than  plain  typhoid  vaccines.  It  appears 
that  the  reaction  is  not  strictly  specific  in  that  a  similar  type  of  reaction,  chill, 
temperature  excursion,  etc.,  which  is  characteristic  of  the  intravenous  vaccine 
injections,  may  be  produced  by  similar  administration  of  other  vaccines,  of  other 
proteins,  and,  indeed,  of  salt  solution.  There  is  some  evidence,  however,  that 
relatively  better  results  are  produced  by  the  use  of  the  typhoid  vaccine  which 
in  addition  aids  in  establishing  an  active  immunity  against  the  specific  micro- 
organism concerned.  The  exact  mechanism  by  which  the  benefit  or  cure  is 
effected  is  as  yet  uncertain,  but  it  is  at  least  marked  by  a  temporary  increase 
in  the  number  of  leucocytes  and  is  probably  dependent  on  the  strength  of  anti- 
bodies already  present  in  the  individual  patient.  Our  eflorts  to  supply  these 
antibodies  by  means  of  an  antityphoid  serum  have  not  met  with  great  success, 
and  the  beneficial  effects  that  others  have  obtained  with  antityphoid  serum 
would  seem  to  be  due  to  a  mechanism  similar  to  that  following  vaccine  injec- 
tions, but  less  effective  than  the  latter. 
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THE   RELATION   OF   PHYSICAL   CHEMISTRY  TO  THE   IRRIGATION 

OF  WOUNDS* 


By  J.  F.  McClKndon,  Ph.D.,  Minneapolis,  Minn. 


SO  many  factors  enter  into  the  healing  of  a  wound  that  it  is  very  difficult  to 
make  an  analysis  of  the  response  to  treatment  in  any  moderate  number  of 
cases.  It  seems  permissible,  therefore,  to  discuss  certain  physiological  prin- 
ciples which  should  be  kept  in  mind  in  any  investigation  of  the  methods  of  treat- 
ment. If  a  wound  can  be  sterilized,  it  may  be  closed,  and  hence  is  outside  the 
present  discussion.  Since  the  object  of  the  irrigation  of  wounds  is  the  removal 
of  bacterial  toxins  and  necrotic  tissue  as  long  as  the  wound  remains  infected, 
the  irrigation  must  be  continued  for  a  long  time.  The  prolonged  diffusion 
between  the  irrigating  fluid  and  underlying  tissues  necessitates  unusually  de- 
tailed precautions  for  the  protection  of  these  tissues.  Although  the  ultimate 
sterilization  of  the  wound  is  the  object  of  the  treatment,  no  drug  has  been  found 
that  will  kill  all  classes  of  bacteria  embedded  in  tissue  without  injuring  the  tis- 
sue, and  hence  time  must  be  allowed  for  the  development  of  antibodies.  For 
this  reason  the  antiseptic  properties  of  the  irrigating  fluid  must  be  subordinated 
to  its  physiological  properties. 

During  the  past  ten  years,  I  have  investigated  the  effects  of  various  media 
on  many  classes  of  cells.  Not  all  of  this  work  has  been  published,  but  the 
main  points,  as  well  as  references  to  the  literature  and  special  melhods  of  work 
may  be  found  in  my  book.^  My  early  work  was  done  on  bacteria,  moulds, 
protozoa,  egg  cells  and  embryos.  I'^or  instruction  in  the  preparation  of  tissue 
cultures  of  warm-blooded  animals.  I  am  indebted  to  Montrose  lUirrows.  with 
whom  I  had  the  good  fortune  to  be  associated  for  several  years. 

Conditions  which  impair  the  functions  or  kill  cells  may  be  roughly  dixided 
into  radiations,  changes  in  temperature,  and  mechanical,  osmotic,  and  chemical 
changes,  the  last  including  the  effects  of  the  electric  ciurent.      v^ome  cells  are 

•From    the    Dcpartiiu'iil    fif    I'liysioloRy,    University    of    Miiincsot.i    Medical    School. 
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more  resistant  than  others,  and  their  relative  resistance  to  different  classes  of 
adverse  conditions  varies  greatl}'.  Thus  some  cells  are  unusually  resistant  to 
osmotic  changes  and  quite  sensitive  to  chemical  changes.  As  a  rule  a  cell  that 
is  sensitive  to  one  chemical  change  is  proportionately  sensitive  to  another,  the 
few  exceptions  being  in  relation  to  specific  drugs.  The  ratio  of  the  concentra- 
tion of  one  substance  to  another  may  have  to  be  considered  in  the  case  of  those 
having  antagonistic  actions. 

Electrolytes  are  dissociated  -into  ions,  and  it  is  usually  the  electro-positive 
ions  that  are  most  toxic,  the  order  being  about  as  follows,  commencing  with 
the  least  toxic :  Na,  Cs,  Li,  Rb,  K,  Mg,  Ca,  Sr,  Ba,  Al,  Mn,  Sn,  Fe,  Tl,  Co,  Ni, 
Zn,  Pb,  Cd,  As,  Cu,  Bi,  Sb,  Hg,  Ag,  Pi,  Pt,  Au.  H  and  OH  ions  kill  most  rapidly 
owing  to  their  great  speed  of  diffusion,  but  when  the  time  element  is  not  con- 
sidered, they  must  exceed  certain  concentrations  in  order  to  be  toxic  and  are 
difficult  to  place  in  the  series.  This  question  will  be  considered  below  in  con- 
nection with  special  methods  for  the  estimation  of  the  concentration  of  H  and 
OH  ions.  To  facilitate  the  slow  administration  of  an  ion  it  may  be  combined  in 
an  organic  compound  which  slowly  liberates  it,  as  As  in  salvarsan  and  cacodylic 
acid,  Ag  in  arg^^rol,  and  Hg  in  K2Hg(CN)4.  Na,  K  and  OH  ions  antagonize 
the  action  of  Ca,  Mg,  and  H  ions.  The  antagonism  between  H  and  OH  is 
complete  because  they  combine  to  form  HoO.  The  antagonism  between  Na  and 
Ca  is  almost  complete  but  it  requires  but  a  little  Ca  to  antagonize  a  large  amount 
of  Na.  The  other  antagonisms,  and  many  not  mentioned,  are  less  complete. 
The  alkali-metals  are  similar  to  one  another  in  action,  but  only  Na  and  K  have 
been  thoroughly  studied.  As  a  rule  K  is  more  toxic  to  human  cells,  but  Na  is 
more  toxic  to  many  cells  of  lower  animals  and  plants.  The  antagonism  between 
HgClo  and  NaCl  is  due  to  the  formation  of  the  poorly  dissociated  Na,HgCl4, 
and  holds  only  where  the  exposure  is  of  short  duration. 

The  toxicity  of  the  indifferent  anesthetics  is  proportional  to  their  effect  in 
lowering  the  surface  tension  of  water,  and  hence  the  toxicity  of  their  solutions 
is  proportional  to  the  number  of  drops  that  fall  from  the  end  of  a  pipette  after 
one  filling.  The  dropping  surface  of  the  pipette  should  be  about  5  mm.  in 
diameter,  and  the  delivery  tube  constricted  so  that  at  least  a  minute  is  required 
for  all  of  the  fluid  to  drop  out.  Not  only  the  substances  used  for  anesthesia, 
but  a  larger  number  of  substances  including  ethers,  alcohols,  ketones,  esters, 
soaps,  nitriles,  halogen  hydrocarbons,  benzol  derivatives,  alkaloids  and  many 
other  substances,  fall  in  this  class.  Some  of  these  substances  which  are  not 
sufficiently  soluble  for  antiseptics  may  be  beneficial  to  wounds,  as  for  example, 
iodoform,  which  increases  the  activity  of  phagocytes. 

Chemically  active  substances,  such  as  phenol  and  cresol,  and  especially 
those  with  powerful  oxidizing  or  reducing  action,  may  also  lower  the  surface 
tension  of  water;  but  are  far  more  toxic  than  would  be  expected  from  the  sur- 
face tension  of  their  solutions.  Formaldehyde  does  not  owe  its  toxicity  en- 
tirely to  its  reducing  action,  but  forms  additive  compounds  with  proteins,  which 
may  decompose  again  with  the  liberation  of  formaldehyde.  Oxidizing  sub- 
stances are,  however,  reduced  by  cells,  and  an  ideal  local  antiseptic  would  be 
one  whose  reduced  product  is  indifferent.     Hydrogen  peroxide  falls  in  this  class, 
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but  is  not  a  powerful  oxidizing  agent  and  is  decomposed  by  catalase  so  rapidly 
as  to  render  the  large  percentage  of  it  ineffectiAe.  It  acts  chiefly  as  a  mechan- 
ical cleanser.  If  infusoria  are  placed  in  a  solution  of  H^O,,  the  latter  pene- 
trates their  protoplasm  and  is  decomposed  on  the  inside  with  the  liberation  of 
bubbles  of  oxygen  which  burst  and  destroy  the  cells.  More  viseful  oxidizing 
agents  are  iodine  and  chlorine,  especially  the  latter  since  the  HCl  formed  on  its 
reduction  may  be  neutralized  by  NaHCOg  that  has  been  added  and  thus  ren- 
dered indifferent.  According  to  Dakin  and  his  collaborators,  chlorine  forms 
chloramines  when  it  acts  on  protoplasm,  and  these  chloramines  have  an  anti- 
septic action.  It  is  true,  however,  that  chlorine  oxidizes  many  organic  com- 
pounds, with  the  liberation  of  HCl.  Chlorine  gas  escapes  rapidly  from  its 
solution  in  water,  but  this  may  be  retarded  by  the  addition  of  a  base,  trans- 
forming it  into  hypochlorite.  Its  oxidizing  power  is  impaired,  however,  if  the 
reaction  is  very  alkaline,  but  may  be  restored  by  bubbling  CO,  through  the 
solution. 

It  makes  little  difference  whether  chlorine  gas  (CI,)  or  calcium  hypo- 
chlorite (CaOoCl,)  or  sodium  hypochlorite  (NaOCl)  or  hypochlorous  acid 
(HOCl)  are  used  in  so  far  as  their  antiseptic  action  is  concerned  (except  that 
the  solution  should  not  be  strongly  alkaline),  as  they  are  readily  and  sponta- 
neously converted  into  one  another  according  to  the  formulae : 

C\,  +  2NaOH   =   XaOCl  -f  NaCl  -f  H,0 

2C1,  +  2Ca(OH)3  =  Ca(OCl)2  +  CaCl^  +  2H,0 

CU  +  H,0  =  HOCl  +  HCl 

Since  solutions  of  all  these  substances  give  off'  chlorine  to  the  air  and  do 
not  retain  their  original  concentration,  some  rapid  method  of  determining  their 
concentration  is  useful.  The  most  accurate  method  is  titration  with  arsenious 
acid,  since  it  is  not  affected  by  chlorate,  and  many  refinements  in  iodimetric 
standardization  may  be  used,  but  the  following  simple  method  suffices  for  the 
present  purpose. 

The  process  depends  on  the  liberation  of  iodine  bv  the  chlorine  and  the 
titration  of  the  iodine  with  sodium  thiosulfate  (NaoS'oO,)  commonly  called  "hypo" 
by  photographers,  the  reaction  being : 

CI2  4-  2KI  =  L  -f  2KC1  or 

NaOCl  +  2KI  -f  2HC1  =  L  -f  XaCl  +  2KC1  -|-  H,0  and 

2Na2So03  +■  I2  =  2NaI  +  Na,S,0, 

If  specially  pure  sodium  thiosulfate  cr}-stals,  showing  no  erilorcscence  can 
not  be  obtained,  a  saturated  solution  in  distilled  water  at  body  temperature  is 
made  and  cooled  until  crystals  form.  These  crystals  arc  dried  in  air,  and  have 
the  composition  NajSoOg.SHjO.  Of  these  crystals  24.832  grams  are  weighed  and 
dissolved  in  distilled  water  that  has  been  boiled  to  remove  the  CO,,  so  as  to  make 
a  liter  of  tenth  normal  solution.  This  solution  must  be  protected  from  the  C(J. 
of  the  air  by  means  of  soda-lime  tubes,  and  is  therefore  more  conveniently  han- 
dled in  an  automatic  burette.  In  making  the  titration,  a  feu  crystals  of  KI  and 
about  a  cubic  centimeter  of  IlCl  are  ]ilac("d  in  a  flask  and  10  c.c.  of  the  chlorine 
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solution  run  in  from  a  pipette,  then  titrated  with  the  thiosulfate  solution  until  the 
iodine  color  disappears.  Dakin  and  Carrell  state  that  the  proper  strength  for 
wounds  is  .45  per  cent  to  .5  per  cent,  but  this  is  more  conveniently  stated  as  0.127 
to  0.141  normal,  as  it  requires  12.7  to  14.1  c.c.  of  the  thiosulfate  to  titrate  10  c.c. 
of  the  irrigating  fluid  that  is  of  proper  strength. 

Apart  from  the  chlorine  or  other  antiseptic  in  the  irrigating  fluid,  it  should 
be  physiologically  normal.  Suppose  the  chlorine  were  dissolved  in  distilled  water, 
for  example.  The  chlorine  would  be  reduced  or  bound  on  meeting  the  first  layers 
of  tissue  or  exudate,  but  the  water  would  penetrate  deeper  and  injure  the  tissue 
without  affecting  the  bacteria  that  had  escaped  the  chlorine.  If  the  chlorine  were 
dissolved  in  an  isotonic  solution  of  NaCl,  this  salt  in  pure  solution  would  be 
injurious  and  the  HCl  formed  on  reduction  of  the  chlorine  still  more  toxic,  al- 
though both  would  be  somewhat  lessened  in  action  by  the  admixture  of  exudate. 
In  a  hypertonic  solution  the  exudate  would  be  increased,  but  the  hypertonicity  is 
injurious  to  tissues. 

Dakin's  fluid  is  usually  prepared  from  a  solution  of  calcium  hypochlorite  by 
precipitating  the  lime  with  a  mixture  of  carbonate  and  bicarbonate  of  sodium.  A-1 
though  CaCOg  is  only  0.0013  per  cent  soluble  in  distilled  water,  Dakin's  fluid 
usually  contains  more  than  this,  and  there  is  probably  always  enough  to  antag- 
onize the  toxicity  of  the  Na.  It  is  necessary,  however,  to  add  more  than  the 
physiological  concentration  of  Na  in  order  to  precipitate  the  greater  part  of  the 
Ca,  and  the  solution  is  hypertonic.  The  freezing  point  of  human  blood  is  — 0.56° 
C,  but  the  samples  of  Dakin's  fluid  that  I  have  tested  froze  at  — 0.7  to  — 0.9°, 
and  were  therefore  very  hypertonic.  Even  after  precipitating  a  large  part  of  the 
lime  by  bubbling  COo  through  the  solution,  it  was  necessary  to  add  so  much 
NaHCOo  to  precipitate  the  remainder  of  the  lime  that  the  solution  was  hyper- 
tonic. The  precipitation  depends  on  the  alkalinity  and  the  concentration  of  COg 
and  other  substances.  Oxalic  acid  can  not  be  used  to  precipitate  the  lime  as 
the  chlorine  immediately  oxidizes  it  to  COg  and  the  antiseptic  action  of  the  fluid 
is  simultaneously  lost.  I  have  made  isotonic  irrigating  fluids  by  running  chlorine 
gas  into  physiological  salt  solutions  in  which  the  NaCl  had  been  replaced  by  a 
chemically  equivalent  amount  of  NaHCOg.  The  physiological  properties  of  the 
salts  will  now  be  considered. 

The  physiological  salt  solutions  in  common  use  in  laboratories  are  by  no 
means  perfect,  as  illustrated  by  the  following  comparison  of  their  percentage 
composition  with  that  of  the  diffusible  salts  in  blood  serum : 

NACl  KCl  CaCL        MgCL  MgS04  NaHCO^    NaH^PO. 

—             —  .01-.03               — 
.01            —  .1                       .005 
—             .012  .33 ^3^ 

In  the  data  for  serum,  only  the  diffusible  salts  are  included,  and  owing  to 
ionization  and  recombination,  a  larger  number  of  salts  are  present  than  indicated 
in  the  table.  The  expression  of  the  data  in  this  form  is  for  comparison  with 
physiological  salt  solutions.  Tyrode  has  been  the  only  previous  investigator  to 
introduce  Mg  into  physiological  salt  solution  and  apparently  no  one  but  the 
writer  has  used  SO4.  The  formula  for  physiological  salt  solution  success- 
fully used  by  the  writer  is  that  given  in  the  last  line  in  the  above  table,  and  more 


Ringer-Locke 

.9 

.042 

.024 

Tyrode 

.8 

.02 

.02 

Serum 

.65 

.04 

.02 
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nearly  imitates  serum.  Only  one  difficulty  might  arise.  The  blood  is  under  a 
partial  pressure  of  CO,  of  40  millimeters  of  mercury,  or  6  per  cent  of  an  atmos- 
phere, and  when  this  pressure  is  relieved  it  becomes  more  alkaline,  thus  initiating 
coagulation  and  other  changes.  A  solution  of  the  blood  ash  would  become  alka- 
line in  the  same  manner,  and  hence  toxic  to  living  cells  with  which  it  came  in 
contact.  A  solution  of  diffusible  serum  salts  should  be  tightly  stoppered  to  pre- 
vent the  loss  of  COo,  or  the  CO2  thus  lost  should  be  replaced  by  bubbling  the  gas 
through  the  solution.  The  proper  reaction  may  be  reached  by  bubbling  the 
alveolar  air  of  a  normal  man  through  the  solution.  If  pure  CO2  is  bubbled  through 
the  solution,  some  means  must  be  used  to  ascertain  when  the  proper  reaction  is 
reached.  The  most  convenient  way  is  to  determine  the  hydrogen  ion  concentra- 
tion, as  given  in  the  following  paragraphs. 

It  is  more  convenient  to  express  alkalinity  (or  acidity)  in  terms  of  the 
minus  logarithm  of  the  hydrogen  ion  concentration,  abbreviated  to  PH.  The  PH 
of  a  neutral  solution  is  about  7,  whereas  that  of  blood  is  7.S,  and  that  of  sea  water 
about  8.  The  extreme  limits  of  the  variation  of  the  PH  that  is  compatible  with 
the  life  of  most  cells  is  from  5  to  9,  and  the  majority  of  cells  do  not  bear  varia- 
tions beyond  6  to  8.  The  writer  made  some  experiments  with  species  of  mould 
sealed  in  glass  tubes  by  fusing  the  glass  so  that  no  fresh  spores  could  enter.  The 
mould  thrived  in  a  saturated  solution  of  boric  acid  containing  3  per  cent  pure 
NaCl;  but  if  enough  NaOH  was  added  to  bring  the  PH  up  to  8,  no  more  growth 
took  place  (alkaline  limit).  Clark  and  Lubs-  give  the  acid  limits,  of  moulds  and 
bacteria  at  2.3 — 6,  and  alkaline  limit  9.4. 

The  PH  of  any  solution,  free  from  NH3,  H^S,  CI,  and  certain  antiseptics, 
may  be  determined  by  means  of  the  hydrogen  electrode,  and  the  PH  of  many 
solutions  may  be  determined  approximately  by  means  of  indicators  and  solutions 
standardized  by  means  of  the  hydrogen  electrode.  For  solutions  containing 
chlorine  (Dakin's  fluid)  none  of  the  ordinary  methods  may  be  used.  The  chlorine 
poisons  the  hydrogen  electrode  and  destroys  the  indicators  with  extreme  rapiditv. 
The  method  used  by  the  writer  consists  in  selecting  a  series  of  indicators  in  acjueous 
solution  and  noting  the  color  of  the  indicator  solution  the  moment  it  is  dropped 
into  a  large  quantity  of  Dakin's  fluid.  The  indicator  solution  must  be  brought 
to  the  yellow  color  before  being  used.  If  the  resulting  colors  are  recorded  and 
compared  with  the  following  table,  the  PH  may  be  determined  approximately. 
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Tetrabromphenolsiilfon- 

phthalcin 

yellow 

bluish 

blue 

blue 

blue 

blue 

blue 

Methyl  red 

red 

red 

orange 

yellow 

yellow 

yellow 

yellow 

Dil)rom-o-cresolsulfon- 

phthalein 

yellow 

yellow 

yellow 

purplish 

purple 

purple 

purple 

Dihronithymolsulfon- 

phthalciti 

yellow 

yellow 

yellow 

yellow 

green 

blue 

blue 

N'(.iitral    rill 

red 

red 

red 

red 

orange 

orange 

orange 

I'lienol  sill  f  oil  plitliaU-in 

yellow 

yellow 

yellow 

yellow 

red 

orange 

red 

o-Crcs<ilsnlfi)nplitlialcin 

yellow 

yellow 

yellow 

yellow 

yellow 

orange 

red 

a-Naphlliolsiilfoiiphtlialcin 

yellow 

yellow 

yellow 

yellow 

yellow 

green 

blue 

;i_-\aplitliol]ilitlialciu 

white 

white 

white 

white 

white 

greenish 

green 

Thyniolsulfoiiphtlialfin 

yellow 

yellow 

yellow 

yellow 

yellow 

green 

green 

I'lunolplithali'iii 

white 

wiiite 

white 

white 

white 

while 

pink 

Thyiiiolplithalcin 

white 

white 

white 

white 

white 

white 

white 

purple 


hiue 


Most  of  these  indicators  are  more  soluble  in  alcohol,  but  alcoholic  solutions 
must  not  be  used,  owing  to  formation  of  HCl.  Phenolsuironphlhalein  and 
a-naptholsulfonphthalein  which  will  act  only  in  aqueous  solution  and  then  very 
poorly,  should  be  avoided  if  possible.     These  indicators  are  quickly  attacked  by 
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the  chlorine  and  changed  into  yellow  compounds  which  may  lead  to  erroneous 
interpretation  of  the  results  unless  careful  observation  is  assured.  Obviously 
not  all  of  the  indicators  are  necessary,  and  a  choice  may  be  made  among  those 
of  the  same  range.  If  a  physiological  fluid  is  made  of  neutral  salts,  it  can  be 
brought  to  a  PH  of  about  7.5  by  the  addition  of  0.0035  per  cent  NaHCOg  and 
blowing  air  through  until  equilibrium  is  attained,  after  which  it  will  not  change 
on  exposure  to  air,  bvit  has  little  buffer  action  against  acid,  and  alkalies.  If  CO, — 
free  fluids  are  used,  the  PH  may  be  adjusted  by  the  addition  of  borate  or  phos- 
phate buffer  mixtures,  but  these  will  absorb  CO^  slowly  from  the  air  and  become 
less  alkaline. 

In  case  of  solutions  into  which  chlorine  gas  is  to  be  run,  practically  all  of  the 
salt  content  should  be  bicarbonate,  as  the  base  is  necessary  for  the  formation  of 
the  hypochlorite  and  the  COo  for  the  reduction  of  alkalinity.  The  solution  which 
I  have  used  chiefly  contains  1.25%  XaHCO,,  0.04%  KCl,  0.02%  CaCl.,,  0.025% 
MgSO^^H^O,  and  0.01%  NaH.PO^.*  A  brown  glass  bottle  is  filled  with  this 
solution  and  inverted  in  a  basin  of  the  solution,  and  chlorine  gas  is  passed  into  the 
bottle  through  a  glass  tube  until  it  displaces  more  than  half  of  the  solution.  The 
tube  is  removed  and  the  stopper  inserted  and  the  bottle  shaken  so  that  the  solu- 
tion will  absorb  the  gas,  the  stopper  being  lifted  occasionally  so  as  to  admit  air  in 
the  space  from  which  the  gas  has  been  absorbed.  The  solution  is  then  titrated 
and  if  too  strong,  diluted  with  some  of  the  gas-free  solution. 

If  a  cylinder  of  chlorine  gas  is  not  at  hand,  the  gas  may  be  generated  as 
follows  :  A  flask  is  about  one  quarter  filled  with  powdered  manganese  dioxide  and 
HCl  added  until  well  moistened.  A  perforated  rubber  stopper  is  inserted  in  the 
flask  and  connected  with  a  bent  glass  tube  to  lead  the  gas  to  the  bottom  of  the 
inverted  bottle.  '  When  the  gas  ceases  flowing  it  may  be  started  again  by  im- 
mersing the  flask  in  water  and  heating  it  to  boiling.  Still  more  gas  may  be  ob- 
tained by  the  addition  of  more  HCl.  If  a  separatory  funnel  is  at  hand  it  may  be 
used  to  introduce  more  HCl  through  a  second  perforation  in  the  rubber  stopper 
without  lifting  the  stopper,  but  it  is  a  matter  of  convenience  and  not  necessary. 
As  the  chlorine  bubbles  out  of  the  concentrated  hydrochloric  acid  in  the  flask, 
some  HCl  gas  is  carried  off  Avith  it,  but  this  quantity  is  negligible  if  the  first 
charge  of  the  acid  is  entirely  soaked  up  in  the  powdered  MnOg  and  no  heat  is 
applied  at  the  start. 

The  PH  of  the  irrigating  fluid  may  be  determined  as  indicated,  and  lowered 
by  bubbling  COg  through,  or  raised  by  bubbling  air  through  it.  The  PH  should 
not  be  allowed  to  exceed  the  limits  5  to  7.5  unless  it  is  desired  to  irritate  the 
tissue.  The  PH  depends  on  the  ratio  between  COg,  which  tends  to  acidify  the 
fluid,  and  NaOCl,  which  has  an  alkaline  reaction  due  to  hydrolysis  according  to 
the  equation. 

NaOCl  -f  NaCl  -f  H.O  =  2NaOH  -f  CL 

When  an  organic  compound  such  as  oxalic  acid,  for  instance,  is  added  to  the 
Dakin's  fluid,  this  alkaline  hydrolysis  is  prevented,  owing  to  the  reaction: 

COOH   +  NaOCl  =  2COo  +  H,0 


•This   solution    may   be    charged    with    chlorine    by    means    of   a    sealed    tube    of   chlorine    now    on    the 
market. 
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According  to  Dakin,-^  \\hen  hypochlorite  comes  in  contact  with  proteins  the 
following  reaction  takes  place : 

>»NH  -f  XaOCl  =  >XX1  +  NaOH 

and  hence  the  solution  would  become  more  alkaline.  In  a  mixture  of  proteins 
and  other  organic  substances,  reactions  of  both  types  may  occur  and  tend  to 
balance  one  another,  neither  increasing  nor  decreasing  the  alkalinity  to  a  marked 
degree. 

It  should  be  noted  that  in  both  types  of  action  of  NaOCl  on  organic  sub- 
stances (in  which  oxygen  or  chlorine  combines  with  the  organic  substance)  the 
organic  substance  is  oxidized.  Oxidation,  in  the  broad  sense,  is  not  combination 
with  oxygen  but  an  increase  in  the  positive  valences  or  decrease  in  the  negative 
valences.  For  example,  in  the  oxidation  of  HCl  by  manganese  dioxide  to  form 
chlorine  gas  as  described  above,  the  electro-negative  chlorine  ions  lose  their  nega- 
tive charges  (free  valences)  and  become  electro-neutral  chlorine  atoms  as  ex- 
pressed by  the  equation : 

2C1'  +  O  -f  2H'  =  Clo  -f  H2O 

in  which  the  negative  charges  of  the  anions  are  express  by  (')  and  the  positive 
charges  of  the  cations  by  (  •)  and  show  that  the  negative  charges  of  201'  are 
transferred  to  C),  thus  enabling  it  to  combine  with  2H:. 

According  to  Dakin,  it  is  not  the  NaCl  which  sterilized  the  wound  but  chlora- 
mines  formed  by  its  action  on  organic  substances,  and  he  proposes  to  substitute 
a  chloramine  (CHg-CeH^-SOsNa  :NC1)  for  the  NaOCl.  He  states  that  chlora- 
mine  does  not  give  off  chlorine  in  solution  (and  hence  it  has  not  the  oxidizing 
power  of  NaOCl).  This  is  in  harmony  with  Dakin's  statement  that  chloramine 
is  not  as  effective  as  NaOCl  in  removing  necrotic  tissue.  Dakin,  Cohen  and 
Kenyon*  observed  that  guinea  pigs  would  tolerate  a  subcutaneous  injection  of  1 
gram  of  chloramine  per  kilo.  From  this  it  may  be  concluded  that  the  oxidation 
products  formed  by  the  action  of  NaOCl  on  necrotic  tissue  are  not  unusually 
toxic  if  absorbed,  and  hence  the  advantage  of  NaOCl  over  phenol  is  obvious. 

In  order  to  prevent  the  absorption  of  bacterial  toxins  from  the  wound, 
Wright  advocates  the  use  of  very  hypertonic  (5%)  NaCl  containing  oxalate. 
It  should  be  remembered,  however,  that  this  solution  is  toxic  to  adjacent  tissues, 
and  therefore  it  seems  advisable  to  try  other  methods.  If  the  flow  of  Dakin's 
fluid,  for  instance,  is  rapid  enough,  it  should  carry  away  these  toxins  to  a  large 
extent.  Isotonic  Dakin's  fluid  would  be  absorbed  by  the  blood  es]icciall\'  if  there 
was  a  lack  of  sufficient  water  in  the  body.  It  has  been  shown  l)y  v'^tarling  and 
especially  by  F.  H.  Scott'  that  it  is  the  osmotic  jircssurc  of  proieins  that  enables 
the  blood  to  absorb  isotonic  solutions,  since  the  blood  \cssels  are  less  permeable 
to  proteins  than  to  other  substances.  Only  when  the  blood  pressure  in  the  capil- 
laries cfjuals  the  excess  of  osmotic  pressure  docs  al)^o^ption  fail  to  occur.  It  has 
been  shown  by  Hcrtzler,  Murphy  and  others  that  absorption  from  the  peritoneum 
can  be  prevented  by  the  administration  of  large  ciuantities  of  water  to  the 
patient,  and  this  metliod  might  be  used  to  ])re\ent  the  ai)sorplion  ol  an  isotonic 
irrigation  fluid  from  a  wound.  A  continuous  rectal  irrigation  with  water  might 
be  used  simultaneously  with  the  irrigation  of  the  wound  with  isotonic  Dakin's 
fluid. 
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NaOCl  as  such  has  Httle  oxidizing  power,  but  its  dissociation  products  are 
powerful  oxidizing  agents.  Increase  in  the  alkalinity  of  the  solution  decreases 
the  dissociation  of  NaOCl  and  hence  decreases  its  oxidizing  power.  The  disso- 
ciation products  are  used  up  when  the  fluid  comes  in  contact  with  tissue,  thus 
leading  to  dissociation  of  more  NaOCl  and  decrease  in  the  concentration  of  the 
solution,  finally  to  zero.  It  is  obvious  that  rapid  irrigation  with  a  dilute  solution 
will  have  the  same  oxidizing  effect  as  slow  irrigation  with  a  more  concentrated 
solution,  and  have  the  further  advantage  of  more  thorough  washing  out  of  the 
wound.  This  is  true  of  the  w^ound  cavity,  but  when  thick  masses  of  necrotic 
tissue  are  acted  on,  the  diffusion  into  them  of  NaOCl  is  regulated  by  its  actual 
concentration  on  the  outside,  or  in  other  words,  penetration  depends  on  concen- 
tration. Since,  however,  it  is  not  desired  that  the  NaOCl  penetrate  the  living  tis- 
sue, lower  concentrations  are  preferable. 

The  writer  has  prepared  low  concentrations  of  NaOCl  by  a  simplified 
method,  as  follows:  Ringer's  fluid  is  placed  in  a  glass  jar,  and  2  electric  light 
carbons  inserted.  A  direct  electric  circuit  is  connected  with  the  carbons  and  the 
current  passed  for  about  15  minutes,  when  the  NaOCl  is  titrated.  The  current 
need  not  be  more  than  a  few  volts,  and  if  the  lighting  circviit  of  110  or  220  volts 
is  used,  it  must  be  passed  through  a  resistance  so  as  to  prevent  overheating  of  the 
solution.  Not  all  of  the  NaCl  can  be  transformed  into  NaOCl.  COo  is  passed 
through  the  solution  until  the  required  PH  is  reached.  Heitz-Boyer  has  shown 
that  such  a  solution  can  be  conveniently  made  on  board  a  hospital  ship  by  the 
electrolysis  of  sea  water.  The  writer  has  for  many  years  (in  case  of  emergency) 
used  sea  water  diluted  with  2  or  2.5  volumes  of  fresh  or  distilled  water  in  place 
of  Ringer's  fluid.  This  solution  contains  an  excess  of  magnesium  but  not  suffi- 
cient to  be  toxrc  to  tissues.  The  PH  is  about  8  and  hence  some  CO2  should  be 
added.  Undiluted  sea  water  is  very  irritating  to  wounds  and  delays  healing, 
especially  if  some  evaporation  occurs.  If  the  sea  w-ater  is  washed  out  of  a 
wound,  it  heals  more  quickly  even  without  the  application  of  antiseptics.  This 
does  not  favor  the  hypothesis  that  the  toxic  action  of  sea  water  on  a  wound  is 
due  to  pathogenic  bacteria  in  the  sea  water ;  it  seems  more  probably  due  to  its 
salts. 

Dakin's  fluid,  made  with  the  physiological  precautions  discussed  in  this  paper, 
has  been  tried  on  large  wounds  in  dogs  and  men.  Not  sufficient  data  have  been 
collected  to  show  that  these  precautions  are  always  worth  the  trouble,  but  on 
the  other  hand,  no  disadvantages  of  such  a  solution  have  been  noted.  The  theo- 
retical considerations  that  led  to  the  experiments  recorded  in  this  paper  are  given 
in  the  following  discussion : 

DISCI'SSION. 

Cell  media  or  solutions  coming  in  contact  with  living  cells  are  of  two  physio- 
logical classes :  nutritive  and  protective,  as  shown  by  the  work  of  Sydney  Ringer, 
J.  Loeb,  Osterhout,  and  many  others.  A  great  deal  of  speculation  has  arisen 
over  the  protective  action  of  cell  media  and  especially  over  the  antagonistic  or 
antitoxic  action  of  ions  on  one  another  as  evidenced  by  their  combined  effect  on 
cells.  The  writer  was  the  first  to  show  by  chemical  analysis  that  the  toxic  action 
of  ions  and  other  substances  on  animal  cells  is  associated  with  changes  in  per- 
meability, and  to  quantitatively  measure  the  diffusion  of  determined  substances 
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from  the  cells  on  increase  in  permeability.  Thus  a  quantitative  and  qualitative 
method  of  studying  permeability  and  the  toxic  action  of  substances  in  the  cell 
medium  and  the  antitoxic  action  of  other  substances  was  built  up.  It  had  been 
shown  long  ago  that  increased  dififusion  of  substances  out  of  cells  occurs  on 
their  death,  and  permeability  had  been  supposed  to  be  a  means  of  regulating 
physiological  activity.  The  writer  has  shown  that  the  permeability  of  muscle 
increases  on  contraction  and  the  permeability  of  eggs  increases  on  fertilization, 
and  if  increase  in  permeability  is  not  brought  about  by  means  of  the  sperm  or 
other  agent,  no  segmentation  of  the  egg  occurs.  Fertilization  of  the  frog's 
egg  is  associated  with  the  outward  diffusion  of  Na,  K,  Mg,  Ca,  CI,  SO4,  and  CO3 
(in  addition  to  the  CO,  or  other  products  of  metabolism).  A  greater  than  normal 
increase  in  permeability  is  associated  with  pathological  changes  or  death.  The 
permeability  of  certain  fish  eggs  may  be  increased  by  certain  alkaloids  such  as 
strychnine,  by  caffeine  and  by  pure  solutions  of  salts.  If  these  eggs  are  placed 
in  a  toxic  solution  of  quinine,  for  instance,  the  rate  at  which  Na,  K,  Mg,  Ca,  CI, 
and  SO4  diffuse  out  of  them  is  associated  with  their  pathological  condition.  A 
certain  increase  in  permeability  is  associated  with  the  development  of  the  eggs 
into  one-eyed  embryos  or  embryos  with  various  defects  in  the  nervous  or  circula- 
tory systems.  These  abnormal  embryos  may  hatch,  but  maximal  increase  in 
permeability  is  associated  with  death. 

Physiological  permeability  is  reversible,  pathological  permeability  is  not  in- 
stantaneously i"eversible,  and  permeability  associated  with  death  is  irreversible. 
Stimulation  of  cells  consists  in  reversible  increase  in  permeability.  In  general, 
methods  used  to  kill  cells,  if  carefully  applied,  may  be  used  to  stimulate  them;  i.  e., 
to  cause  muscle  to  contract,  or  to  cause  eggs  to  develop  without  the  necessity  of 
the  male  element.  This  increase  in  permeability  is  associated  with  the  very  un- 
stable surface  layer  of  protoplasm.  This  layer  may  be  compared  with  a  copper 
ferrocyanide  precipitation  membrane.  The  latter  will  not  allow  sugar  or  MgS04 
to  pass  through  it,  whereas  water  passes  freely ;  but  if  NaCl  is  added  to  the 
water,  sugar  will  pass  through  the  membrane.  In  other  words,  NaCl  increases 
the  permeability  of  the  copper  ferrocyanide  membrane.  Protoplasm  is  made  up 
largely  of  colloids,  and  it  seems  probable  that  in  its  normal  state  the  colloid  par- 
ticles on  its  surface  are  so  close  together  that  diffusion  is  impeded.  Some  cells 
do  not  allow  water  to  diffuse  in  or  out,  while  most  cells  are  freely  permeable  to 
water  and  oxygen.  The  permeability  to  other  substances  varies  with  the  cells 
and  their  physiological  states.  Anything  that  causes  a  rearrangement  of  the  col- 
loid particles  of  the  cell  surface  alters  its  permeability.  The  electric  current  has 
this  effect  and  is  the  most  rapid  means  of  stimulating  or  killing  cells.  Cells 
may  be  sensitized  so  that  they  are  more  easily  stimulated  or  killed.  This  sensiti- 
zation may  consist  in  a  subminimal  increase  in  pcrmcabilil}'  so  that  a  smaller  in- 
crease than  normally  necessary  will  result  in  stimulation,  or  in  some  other  change 
increasing  the  instability  of  the  colloids.  Anesthetics,  when  applied  in  certain 
definite  concentrations,  dissolve  in  certain  of  the  colloid  particles,  thus  increasing 
their  size,  or  siu'round  iheni  with  a  protecting  layer,  thus  increasing  the  (lilfi 
culty  of  stimulation;  but  when  the  concentration  of  the  anesthetic  reaches  the 
lethal  dose  for  that  cell,  some  of  the  colloid  particles  are  dissolved  out  of  the 
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surface  layer  by  the  anesthetic  or  changed  in  some  other  way  so  that  the  permea- 
bihtv  is  increased  and  death  results.  A  certain  degree  of  impermeability  is  neces- 
sary in  order  to  preserve  the  integrity  of  the  cell,  as  otherwise  its  soluble  constitu- 
ents would  be  lost,  but  certain  special  degrees  of  semipermeability  are  associated 
with  the  metabolism  and  functions  of  the  cell,  and  facilitate  the  escape  of  waste 
products  and  the  absorption  of  necessary  substances. 

Since  the  surface  protoplasm  of  cells  varies,  their  sensitivity  to  toxic  sub- 
stances varies.  Pascucci  showed  that  those  red  blood  corpuscles  containing  the 
larger  amount  of  lecithin  are  more  easily  rendered  permeable  (laked)  by  soaps  and 
other  substances  which  attack  lecithin,  whereas  the  reverse  is  true  of  those  ery- 
throcytes containing  the  larger  amount  of  cholesterin.  No  doubt  the  protein  con- 
stituent of  the  surface  of  the  corpuscle  affects  the  specificity  of  laking  agents  for 
blood  of  different  species  of  animals,  but  even  less  seems  to  be  known  of  the  con- 
stitution of  proteins  than  of  lecithin  and  cholesterin.  This  form  of  specificity 
has  not  been  sufficiently  worked  out  to  be  applicable  to  many  groups  of  pathogenic 
organisms.  More  success  has  been  achieved  in  finding  specific  poisons  for  proto- 
zoa than  for  bacteria,  and  in  general,  bacteria  seem  to  be  more  resistant  than  are 
tissue  cells. 

Permeability  studies  have  given  the  clue  to  the  antagonistic  action  of  salts 
(ions)  on  one  another.  Any  ionic  species,  when  in  sufficient  concentration  and 
unaccompanied  by  antagonistic  ions,  increases  the  permeability  to  such  an  extent 
that  death  occurs.  Tissues  of  mammals  seem  to  bear  higher  concentrations  of 
Na  ions  than  of  any  others,  and  tissues  of  marine  aniriials  seem  not  to  be  killed 
by  great  changes  in  concentration  of  Mg  ions ;  but  either  of  these,  when  main- 
tained in  absolutely  pure  solution,  is  deadly.  Na '  causes  increase  in  permeability, 
and  Mg'  •  causes  decrease  in  permeability;  and  hence  they  are  antagonistic  to  one 
another  when  applied  in  the  proper  ratio,  but  a  pure  solution  of  Mg"'  of  suffi- 
cient concentration  causes  increase  in  permeability.  Within  physiological  limits, 
OH'  causes  increase  in  permeability  and  H  •  causes  decrease  in  permeability,  but 
a  high  concentration  of  H  •  causes  increase  in  permeability.  Likewise  it  is  possible 
under  certain  conditions  to  show  that  Ca'  *  causes  decrease  in  permeability  but  the 
cjuantitative  side  of  this  question  needs  further  investigation. 

The  ideal  irrigation  fluid  for  wounds  seems  to  be  one  which  will  maintain 
the  normal  permeability  of  the  tissue  cells  and  at  the  same  time  wash  out  and 
sterilize  the  cavity  of  the  wound  and  sterilize  the  surface  of  its  walls,  the  anti- 
septic being  one  that  will  be  used  up  and  thus  prevented  from  penetrating  the 
living  tissue.  Since  many  proteins  are  soluble  in  salt  solutions,  necrotic  tissue 
should  break  up  if  the  formation  of  bacterial  zooglea  are  prevented.  The  greater 
the  alkalinity  (the  farther  from  the  isoelectric  point  of  the  proteins)  the  greater 
the  solvent  action,  but  the  more  irritating  to  the  issue. 
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ANTIDOTES  IN  MERCURIC  CHLORIDE  POISONING* 


Second  Communication 

THE   VALUE   OF   PHOSPHITE   AND   HYPOPHOSPHITE 
COMBINATIONS 


By  Bernard  Fantus,  M.D.,  and  Emry  G.  Hyatt,  Chicago,  III. 


IN  a  previous  study/  it  was  found  that  a  mixture  of  sodium  phosphite  and 
sodium  acetate  (Carter's  Antidote)  and  one  of  sodium  hypophosphite  and 
hydrogen  peroxide  gave  the  best  resuhs  among  all  the  antidotes  experimented 
with.  Inasmuch  as  the  results  with  the  antidotes  named  were  approximately  equal, 
as  may  be  seen  from  Table  I,  reproduced  here  from  the  previous  publication,  it 
seemed  of  importance  to  determine  which  one  of  the  two  was  the  best  for  prac- 
tical purposes. 

Table  I. 

SUMMARY    or    AVERAGE    LETHAL    PERIODS. 

Mercuric  Chloride  given  alone.     HH 

Mercuric   Chloride  followed  by    ^^^^^^^ 
Stannous    Chloride IH^^^^I 

Mercuric  Chloride  followed  by    ____^____^^^_^^^.__^^^ 
Sodium   Bicarbonate HIHHHBI^^H^^^^HH^^H 

Mercuric  Chloride  followed  by 
Egg  Albumen 

Mercuric  Chloride  followed  by 
Sodium  Acetate 

Mercuric  Chloride  followed  bv 
Sod.  Hypophosphite  with 
Acetate 

Mercuric  Chloride  followed  by 
Sod.  Phosphite  with  Acetate. 

Mercuric  Chloride  followed  by 
Sod.  Hypophosphite  with 
Hydrogen     Peroxide 

CONTROL   TESTS. 

Owing  to  the  im])()rtance  of  rigid  control,  one  or  more  animals  in  each  series 
were  given  the  poison  without  antidote.  Tiie  results  are  shown  in  Table  II.  We 
have  now  administered  the  dose  of  0.04  gm.  per  kg.  to  22  (oats  and  carrots  fed) 
rabbits  with  a  fatal  result  in  all  cases,  and  an  average  fatal  period  of  seven  and 
three-fourths  days.  All  of  these  animals  were  given  as  much  oats  and  carrots 
as  they  could  eat.  This  is  a  factor  of  importance,  for  we  have  found  that  animals 
fed  on  carrots  only  were  very  much  more  resistant  to  mercuric  chloride  poison- 
ing than  were  those  fed  on  carrots  and  oats.  We  are  at  present  engaged  in  de- 
termining the  reason  for  this  interesting  fact,  and  hope  to  be  able  to  report  in  the 
near  future  our  work  in  this  direction.     We  feel  confident,  as  a  result  f)f  our 

•From   the   Pharmacologic    Laboratory   of   the   College   of   Medicine,    University    of    Illinois. 
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observations,  tliat  0.04  gm.  per  kg.  constitutes  a  uniformly  fatal  dose  for  rab- 
bits, provided  the  rabbit  has  been  fed  on  oats  and  carrots  and  provided  the  mer- 
curic chloride  solution  has  been  freshly  prepared  with  distilled  water;  and  be- 
lieve that  the  results  would  have  been  more  uniform  had  a  weighed  amount  of 
carrots  been  fed  previously,  instead  of  giving  the  animals  all  the  carrots  they 
would  eat  in  addition  to  oats. 

In  the  work  previously  reported,  the  antidote  was  given  either  mixed  with 
or  immediately  after  the  administration  of  the  poison.  This  was,  of  course,  giving 
the  antidote  an  unfair  advantage.  For  in  practice  such  prompt  use  of  antidote 
is  an  impossibility.  We,  therefore,  in  the  work  here  to  be  reported,  permitted 
a  uniform  interval  of  5  minutes  to  elapse  between  the  administration  of  the  poison 
and  of  the  antidote,  having  withdrawn  the  stomach  tube  during  the  interval.  It 
seems  that  an  antidote  that  displays  undoubted  efficiency  on  such  a  test  should  be 
accorded  a  place  in  practical  therapeutics. 

carter's  antidote. 

This  mixture  of  sodium  phosphite,  10  parts,  and  of  sodium  acetate,  6.6 
parts,  was  advocated  by  Thomas  A.  Carter-  on  the  basis  of  test  tube  experiments 
and  of  observation  of  its  value  in  cases  of  poisoning  in  the  human.  Owing  to  the 
difficulty  of  being  absolutely  certain  when  life  has  really  been  saved  in  the  ordi- 
nary conditions  of  medical  practice,  owing  to  the  impossibility  of  accurately  com- 
paring the  value  of  dift'erent  antidotes,  and  the  great  practical  importance  of 
knowing  which  antidote  is  the  best,  the  method  employed  in  our  work  seems  to 
offer  an  opportunity  for  formulating  a  definite  opinion  on  these  questions.  By 
comparing  Tables  II  and  III,  it  will  be  seen  that  Carter's  Antidote  is  undoubtedly 
of  value  in  saving  lives  of  rabbits  poisoned  with  a  fatal  dose  of  corrosive  mercuric 
chloride.  While  no  animal  in  the  control  series  survived  100  days,  7  among  21 
rabbits,  or  33^3  per  cent,  of  those  treated  with  Cartei^'s  Antidote  recovered.  The 
average  lethal  period  in  the  Carter's  Antidote  series  was  44l^  days,  against  7^4 
days  in  the  control  series.  This  result  agrees  very  well  with  that  obtained  in  our 
previous  study  of  this  antidote.  However,  even  these  figures  probably  do  not 
represent  the  real  value  of  the  antidote ;  for,  as  will  be  seen  from  Table  III,  nearly- 
all  the  animals  that  died  succumbed  within  the  aver'age  fatal  period  of  the  control 
series,  as  though  they  had  not  been  given  antidote.  This  suggests  that,  in  these 
cases,  the  antidote  might  not  have  had  a  chance  to  act  upon  the  poison,  which  might 
have  been  deposited  in  a  different  part  of  the  food-filled  rabbit's  stomach  from 
that  in  which  the  antidote  happened  to  be  introduced.  The  fact  that  about  half 
of  the  number  of  animals  died  as  though  they  had  had  no  antidote,  while  the 
other  half  of  the  series  recovered  or  showed  well  marked  delay  in  the  fatal  period 
suggests  that  the  chances  are  about  even  that  antidote  and  poison  may  mingle 
with  or  miss  each  other  in  the  rabbit's  stomach.  In  a  stomach  that  is  empty,  like 
the  human  stomach  after  lavage,  the  chances  for  antidotal  action  ought  to  be  de- 
cidedly better  than  in  the  ever-full  rabbit's  stomach. 

Inasmuch  as  calomel  is  formed,  when  sodium  phosphite  is  mixed  with  a  solu- 
tion of  mercuric  chloride,  one  might  expect  that  sodium  phosphite  alone  would 
be  sufficient  for  the  purpose.  This  it  does  not  seem  to  be,  as  was  indicated  by  the 
results  of  our  previous  study  (Table  IV). 
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Table  II. 

Control  Tests. 

.VxniALS  Fed  on  Carrots  and  Oats.    Dose:    0.04  gm.  per  kg.  Corrosive  Mercuric 

Chloride  by  Stomach. 


HgCl, 

Lived 

Necropsy   Lesions 

Rabbit 

Weight 

1% 

Local 

General 

1 

1325 

5.3 

3 

Marked 

Marked 

? 

1448 

5.8 

6 

Slight 

Slight 

3 

1325 

5.3 

5 

Marked 

Marked 

20 

910 

3.6 

3 

" 

21 

905 

3.6 

2 

" 

" 

22 

900 

3.6 

2 

" 

22> 

1140 

4.5 

3 

" 

24 

1225 

4.9 

3 

" 

2}< 

1500 

6.0 

5 

Slight 

" 

lb 

1355 

5.4 

3 

" 

" 

44 

1075 

5.0 

60 

Necropsv  Lost 

4.^ 

1625 

6.5 

7 

Marked 

Marked 

^'l 

2500 

10.0 

35 

Slight 

Sli-ht 

S3 

1-100 

5.6 

4 

Marked 

Marked 

101 

1280 

5.1 

2 

102 

1392 

5.6 

4 

103 

1422 

5.7 

6 

104 

1100 

4.4 

4 

105 

1469 

5.9 

3 

lOh 

1379 

J..T 

4 

107 

1471 

5.9 

4 

108 

1700 

6.8     : 

2  ■ 

This  table  shows  that  the  average  lethal  period  for  0.04 
da\  s.     Xo  animal  survived  100  dajs. 


>m.  of  HgCLj  per  kg.  is  7}/i 


Tabi.k  III. 

Lethal  Dose  of  Mercuric  Chloride   (0.04  cm.  per  kg.)    Followed  5  Minutes   Later  by 

10%  Sol.  of  Sodium  Phosphite  (10  times  as  much)  and  Sodium  x\cetate 

(6.6  times  as  much).    (Carter's  Antidote.) 


Rabbit 

Weight 

HgCL 

Carter's 

Lived 
3  (lavs 

Necropsy 

Lesions 

1% 
5.9 

.Antidote 
5.9 

Local 

Marked 

General 

4 

1465 

Marked 

5 

1632 

6.6 

6.6 

69     " 

Slitilit 

Sligbt 

6 

1113 

4.4 

4.4 

7     " 

" 

" 

16 

1620 

6.4 

6.4 

100    " 

17 

1485 

3.9 

3.9 

100     " 

IS 

2135 

8.5 

8.5 

12  davs 

Marked 

Marked 

58 

787 

3.1 

3.1 

4     " 

" 

59 

1459 

5.8 

S8 

5     " 

" 

•' 

60 

1057 

4.2 

4.2 

100     " 

77 

1404 

7.6 

7.6 

100     " 

79 

2024 

8.0 

8.0 

100    '• 

84 

1430 

5.7 

^./ 

100    '■ 

85 

1220 

4.8 

4.8 

40     " 

86 

1626 

6.5 

6.5 

100     '• 

87 

1580 

6.3 

6.3 

?     " 

Marked 

•  Marked 

88 

1471 

5.9 

5.9 

3    " 

" 

89 

1411 

5.6 

5.6 

6    " 

" 

92 

1351 

5.4 

5.4 

15     " 

•• 

96 

1675 

6.7 

6.7 

67    " 

Negative 

Negative 

99 

1590 

6.4 

6.4 

4     " 

Marked 

Nfarked 

100 

1920 

7.7 

/./ 

3     " 

Marked 

Marked 

Carter's  .\ntidote,  when   freshly  prepared   in   solution,  lias  a  deeided  antidotal  vahie. 
Average  lethal  period  44^^'  days.     Seven  animals  among  21   (33!n%)   survived   100  days. 
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Table  IV. 

Lethal  Dose  of  Mercuric  Chloride  mixed  with  (w)  or  followed  by  (f) 

Sodium  Phosphite. 


Rabbit 

Weight 

Mercuric 
Chloride 

Sodium 
Phosphite 

Lived 

Necropsy  Lesions 

Local 

General 

H 

H    1 
HU 

1018 

780 

1188 

0.068 
0.030 
0.047 

w 
w 

f 

0.68 
0.30 
0.47 

4  days 
4    " 
4    " 

0 
0 

Marked 

Marked 
« 

Sodium  phosphite  given  alone  is  of  little  value  as  antidote,  av.  survival  4  days. 

Carter  believed  that  the  reason  for  the  vakie  of  the  acetate  was  to  be  found 
in  its  diuretic  action.  This  can  not  be  the  case :  for,  in  the  first  place,  the  dose  is 
too  small  to  have  much  diuretic  action ;  and  then,  as  we  have  shown  in  our  pre- 
vious study  (Table  V),  a  large  excess  of  acetate,  which  ought  to  have  a  still 

Table  V. 

Lethal  Dose  of  Mercuric  Chloride  mixed  with   (w)  or  followed  by  (f)   Sodium 
Phosphite  (10  times  as  much)  and  Sodium  Acetate  (100  times  as  much). 


Rabbit 

Weight 

Mercuric 
Chloride 

Sodium        Sodium 
Phosphite    i  Acetate 

Lived 

Necropsy  Lesions 

Local       General 

H   4 
H   6 

HU 
HL6 

1749 
974 

1215 
1000 

0.070 
0.039 

0.049 
0.040 

w 
w 

f 
f 

0.70              7.00 

0.39              3.90 

1 

0.49              4.90 
0.40         1      4.00 

.1  day 
3  days 

3  " 

4  " 

Slight        Slight 

Marked     Marked 
Slight    ' 

Sodium  phosphite  with  large  excess  of  acetate  is  of  no  antidotal  value. 


Table  VI. 

Vst  OF  Old  Antidotal  Solutions. 

Lethal  dose  of  mercuric  chloride   (0.04  Gm.  per  Kg.),  followed  5  minutes  later  by  antidotal 

solutions  that   were   kept   for  varying  periods   of  time.     Numbers   31   and   32   were 

given   antidotal   solution   1   day  old.     Carter's   Antidote   used   for  the   other 

animals   was  2  weeks   old.     The   hypophosphite-hydrogen   peroxide 

solution  was  4  weeks  old. 


Rabbit 

Weight 

HgCU  ■ 
1% 

Carter's 
Antidote 

Lived 

Necropsy   Lesions 

Local 

General 

32 

1560 

6.2 

6.2 

100  days 

111 

1532 

6.1 

6.1 

2     " 

Marked 

Slight 

113 

1473 

5.9 

5.9 

4    " 

" 

Marked' 

116 

1853 

7.4 

7.4 

4     " 

" 

" 

118 

1210 

4.8 

4.8 

1  day 

" 

" 

121 

1153 

4.6 

4.6    • 

3  days 

" 

" 

Sol.  of 

Sod.  Hypo- 

Hydrogen 

Phosphite 

Peroxide 

10% 

Va  Vol. 

31 

980 

3.9 

3.9 

2.0 

3  days 

Marked 

Marked 

109 

1504 

6.0 

6.0 

1.5 

100    " 

122 

1093 

4.4 

4.4 

1.1 

3     " 

Marked 

Marked 

123 

1333 

5.3 

5.3 

1.3 

6    " 

" 

125 

1331 

5.3 

5.3 

1.3 

100     " 

126 

1754 

7.0 

7.0 

1.8 

1  day 

Marked 

Marked 

It  is  evident  that  Carter's  Antidote  in  solution  does  not  keep  well,  while  the  keeping 
qualities  in  case  of  the  hypophosphite-peroxide  mixture  are  unexpectedly  good :  for  the 
average  lethal  period,  in  the  latter  case,  was  35.5  days;  and  the  percentage  of  survivals  33%. 
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greater  diuretic  action,  seems  to  annul  the  antidotal  value  of  the  phosphite. 
Both  of  these  series  are  too  small  to  admit  of  final  conclusions.  Nevertheless 
they  suggest  that  sodium  acetate  in  certain  proportions  might  act  by  introducing 
a  condition  of  chemical  instability  which  favors  the  occurrence  of  the  antidotal 
reaction.     An  additional  observation  points  in  the  same  direction    (Table  VI). 

The  first  half  of  this  table  shows  that,  when  a  solution  of  Carter's  Antidote 
is  kept  for  two  weeks,  it  seems  to  lose  its  antidotal  value.  Only  the  first  animal 
(No.  32),  which  received  as  antidote  a  solution  1  day  old,  recovered. 

There  apparently  occurs  a  deterioration  of  effect  on  prolonged  keeping  of 
this  solution,  which  might  be  due  to  rearrangement  of  ions,  with  production  of  a 
less  active  complex.  Inasmuch  as  Carter's  Antidote  may  be  kept  mixed,  in  the 
dry  state  (even  in  tablet  form),  this  instability  of  the  solution  is  of  little 
practical  consequence. 

SODIUM    HYPOPIIOSPIIITf;    AND    HYDROGEN    PEROXIDE. 

This  combination  was  first  used,  as  antidote  to  mercuric  chloride,  in  our 
previously  published  work  on  this  subject.^  Our  reason  for  using  it  was  the 
fact  that  the  addition  of  hydrogen  peroxide  appreciably  accelerated,  in  test  tube 
experiments,  the  reduction  of  mercuric  chloride  by  hypophosphite.  That  it  has 
antidotal  value,  even  when  administered  five  minutes  after  the  poison,  may  be 
seen  from  Table  VII. 

Table  VII. 

Lethal  Dose  of  Mercuric  Chloride   (0.04  gm.  per  kg.)    followed  5  minutes  l.\ter  by 

Sodium  Hypophosphite  (10  times  as  much)  and  vary'ing  proportions  of 

Solution  of  Hydrogen  Peroxide. 


Sod.  Hypo- 

Sol. of 

Necropsy 

Lesions 

Weight 

HgCL 
1% 

phosphite 
10% 

Hydrogen 
Peroxide 

Lived 

Rabbit 

Local 

General 

%  Vol. 

10 

1065 

4.3 

4.3 

1.1 

100  days 

11 

1620 

6.4 

6.4 

1.6 

77    " 

Marked 

Marked 

U 

17C0 

6.8 

6.8 

1.7 

6    '• 

Slight 

Marked 

19 

1367 

5.5 

5.5 

1.4 

4     " 

Marked 

Marked 

20 

1780 

7.1 

7.1 

1.8 

4     " 

" 

« 

21 

1360 

5.4 

5.4 

1.4 

5    " 

" 

" 

61 

1568 

6.2 

6.2 

1.5 

2    " 

" 

" 

62 

1060 

4.2 

4.2 

1.1 

100    " 

1/2  Vol.    ! 

7 

1330 

5.3 

5.3 

2.7 

25  days 

Marked 

Slight 

8 

1160 

4.6 

4.6 

2.3 

32    " 

Slight 

" 

9 

1370 

5.4 

5.4 

2.7 

6    " 

Marked 

" 

9? 

1.S25 

6.1 

6.1 

3.0 

100    " 

23 

1030 

4,1 

4.1 

2.0 

5    " 

Marked 

Marked 

24 

1020 

4.0 

4.0 

2.0 

4    " 

<( 

1                  1                  i 

=  Vol. 

25 

1390 

5.5 

5.5 

5.5 

31  days 

Necrop 

sy  Lost 

26 

1200 

4.8 

4.8 

4.8 

5     ■• 

Marked 

Marked 

27 

970 

3.8 

3.8 

3.8 

4     " 

" 

1 

2X  Vol. 

28 

1490 

5.9 

5.9 

11.8 

100  days 

29 

1.^90 

5.5 

5.5 

11.0 

4    " 

Markrd 

Marked 

30 

1395 

.5.5 

5.5 

11.0 

21     " 

" 

54 

945 

3.7 

3.7 

7.4 

100     " 

63 

986 

3.9 

3.9 

7.8 

5    " 

Marked 

Marke.l 

64 

1195 

4.8 

4.8 

9.6 

29    " 

" 

'* 

Sod 

uin   hypoi 

phosphite 

and   Iiydroge 

n  peroxide 

lavc  antidotr 

1  value.     .\) 

/cragc   lethal 
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To  determine  which  proportion  is  best,  we  used  varying  proportions  of 
hydrogen  peroxide,  with  resuUs  the  significance  of  which  we  are  at  present  un- 
able to  explain.  It  will  be  seen  that,  when  ec[ual  volumes  of  hydrogen  peroxide 
and  10  per  cent  solution  of  sodium  hypophosphite  are  used,  there  is  hardly  any 
antidotal  action  as  is  shown  in  the  three  cases  in  which  it  was  used.  We  obtained 
the  same  result  with  two  animals  in  our  previous  series.  The  series  is,  however, 
still  too  small  to  rule  out  the  possibility  of  accident.  With  the  other  proportions, 
antidotal  results  were  obtained ;  the  best  with  twice  the  volume,  the  next  best  with 
one-fourth  the  volume.  Summarizing  all  the  experiments,  the  hypophosphite 
combination  seems  inferior  to  Carter's  Antidote,  the  percentage  of  survival 
being  22  with  the  hypophosphite  combinations  against  33  with  the  phosphite  mix- 
ture. The  average  lethal  period  was  lengthened  to  33ys  days  by  hypophosphite 
against  44^  days  of  phosphite  antidote.  If  on  the  other  hand,  we  take  the 
result  of  the  best  proportion,  namely  with  two  times  the  volume  of  hydrogen 
peroxide,  the  results  are  exactly  the  same.  33%  per  cent  recovery  and  43^-^  days 
average  fatal  period. 

It  may  seem  strange  that  the  combination  of  an  oxidizing  and  a  reducing 
agent  should  be  of  advantage  in  a  reducing  reaction.  A  thought  that  forces  itself 
upon  one  is  the  suspicion  that  the  hypophosphite  might  have  been  oxidized  to 
phosphite  by  the  hydrogen  peroxide,  and  that  the  efficiency  of  the  combination 
depended  upon  phosphite  rather  than  hypophosphite.  That  this  is  not  the  case, 
can  be  shown  by  means  of  calcium  chloride  solution,  which  precipitates  with 
sodium  phosphite — calcium  phosphite  being  insoluble — but  which  does  not  precipi- 
tate with  sodium  hypophosphite,  owing  to  solubility  of  calcium  hypophosphite. 
When  we  test  our  previously  carefully  neutralized  antidotal  mixture  with  cal- 
cium chloride,  we  obtain  no  precipitate,  even  though  the  hypophosphite-hydrogen 
peroxide  mixture  be  previously  boiled  or  be  many  weeks  old.  That  these  two 
agents  do  not  seem  to  enter  into  reaction  with  each  other,  on  standing,  is  fur- 
ther borne  out  by  our  rather  surprising  result  with  old  antidotal  solutions 
(Table  VI),  from  which  it  will  be  seen  that  practically  the  same  result  was  ob- 
tained as  with  fresh  solution. 

Further  experiments  are  required  to  elucidate  the  reason  for  the  efficiency  of 
these  combinations.  To  refer  to  them  as  instances  of  catalytic  action  would  not 
add  much,  as  we  know  so  little  about  the  real  nature  of  catalysis. 

CONCLUSIONS. 

1.  Carter's  Antidote  has  given  the  best  results  in  this  study. 

2.  The  efficiency  of  a  mixture  of  sodium  hypophosphite  with  hydrogen  per- 
oxide is  but  little  inferior,  and,  in  certain  proportions,  equal  to  Carter's  Antidote. 
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APPARATUS  FOR  STUDYING  THE  EFFECT  OF  DRUGS  ON  THE 
ISOLATED  GUINEA  PIG  UTERUS* 


By  Charles  R.  Eckler,  M.S.,  Indianapolis,  Ind. 

THOSE  who  have  occasion  to  study  the  effect  of  drugs  on  isolated  organs 
suspended  in  Ringer's  or  Locke's  solution,  such  as  strips  of  intestine  or 
the  various  structures  from  the  male  and  female  genital  tracts,  and  particularly 
those  who  are  engaged  in  the  assay  of  ergot  and  pituitary  products  on  the 
isolated  guinea  pig  uterus,  may  be  interested  in  a  form  of  apparatus,  here  de- 
scribed, which  has  proved  veiy  convenient  and  useful  for  such  purposes. 

This  apparatus  was  fashioned  somewhat  after  that  described  by  Dale  and 
Laidlaw,^  and  in  its  original  form,  was  first  set  up  and  used  in  this  laboratory 
by  W.  F.  Baker.  It  differs  from  similar  apparatus  chiefly  in  being  practically 
all  glass.  During  the  three  years  or  more  in  which  the  apparatus  has  been  in 
almost  constant  use,  several  changes  and  additions  have  been  made  that  seem 
to  be  decided  improvements. 

In  its  present  form  (Fig.  1),  the  apparatus  consists  of  two  units,  each  unit 
being  complete  by  itself  for  the  carrying  out  of  an  experiment.  With  the  two 
units  an  assay  of  pituitary  extract,  for  example,  can  be  carried  out  in  duplicate, 
or,  two  samples  can  be  compared  with  a  standard, — one  sample  with  the  standard 
in  one  unit,  and  the  other  sample  with  the  standard  in  the  other  unit.  And 
with  this  duplicate  form  of  apparatus  both  horns  of  a  uterus  may  be  utilized, — 
one  in  one  unit  and  one  in  the  other. 

The  essential  part  of  each  unit  is  a  water  bath  with  included  coils,  tubes, 
etc.  The  water  bath  (Fig.  2-1)  consists  of  a  bell  glass  which  is  inverted  and 
set  in  a  large  ring  on  a  heavy  ring  stand.  This  bell  glass  measures  15  cm.  wide 
by  20  cm.  deep,  inside,  and  has  a  capacity  of  about  three  liters  after  the  other 
parts  are  in  place.  In  its  inverted  position,  the  bell  glass  has  one  tubulature 
near  the  top  (3),  and  one  at  the  bottom  (2).  The  top,  or  large  opening,  of 
the  bell  glass  is  covered  with  a  disc  of  sheet  metal — German  silver  (4),  through 
which  pass  the  various  tul)es,  etc.  The  tubulatures  are  closed  by  rubber  stop- 
pers (5  and  5a).  The  bath  is  filled  with  distilled  water  to  a  height  regulated  by 
an  overflow  tube  (6).  Another  tube  (6a),  connected  witli  the  ovortlow  tube, 
allows  the  bath  to  be  drained. 

The  water  in  the  bell  glass  is  kept  warm  by  means  of  a  tubular  form  car- 
bon lamp  (7).  The  size  of  lamp  needed  will  depend  on  tlie  rooui  lempcratute, 
but  30  watt  lamps  have  been  used  almost  entirely.  The  lamp  can  be  inunorsed 
full  length  in  the  bath  or  only  part  way,  as  necessary.     When  about  the  right 


•From    the    Department    of    Expcrimcnlnl    Medicine,    I'.Ii    Lilly    &    Company. 
IDalc   and   Laidlaw :     Jour.    IMiarni.   and    E\\kv.   Tlurap.,    IVlJ-lVl.!.    .\o.    4,   75. 
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depth  is  found,  the  room  temperature  remaining  constant,  very  Httle  attention 
is  required  to  keep  the  temperature  of  the  bath,  indicated  by  thermometer  32, 
practically  constant.  In  order  to  maintain  an  even  temperature  throughout  the 
bath,  the  water  is  kept  continually  circulating  by  gently  passing  through  it  a 
current  of  air  which  is  conveyed  to  the  bottom  of  the  bath  by  a  glass  tube  (8). 
In  order  to  exclude  the  light  of  the  lamp  from  the  uterus  or  other  material  used, 
the  lamp  is  painted  blaclv. 

Two  glass  coils  are  set  in  the  bath,  the  outer  one  (9),  having  a  capacity  of 
200  c.c,  is  for  the  purpose  of  warming  the  Locke's  solution  which  is  allowed 
to  flow  into  it  from  an  elevated  container, — a  2  liter  aspirating  bottle.     By  this 


Fig.   1. 

method  of  warming  the  Locke's  solution  in  small  quantities  only  as  needed, 
precipitation  of  calcium  salt  is  avoided  which  would  to  .some  extent  occur  if 
the  v/hole  container  of  solution  were  kept  warm  for  some  time.  The  lower 
end  of  this  coil  is  joined  to  a  tube  forming  a  T  (10),  one  arm  of  which  (11) 
passes  up  through  the  lower  stopper  of  an  amber  chamber  (14),  and  the  other 
arm  (12)  passes  down  through  the  stopper  at  the  bottom  of  the  bell  glass.  By 
means  of  a  pinchcock  at  the  elevated  container  (Fig.  1)  and  the  pinchcock  13, 
the  Locke's  solution  may  be  flowed  down  through  the  coil  and  either  up  into 
the  chamber  by  way  of  tube  11,  or  down  to  a  waste  bucket  by  way  of  tube  12, 
and.  of  course,  the  chamber  may  be  emptied  by  way  of  tubes  11  and  12. 

The  inner  coil  of  the  bath   (15)  is  for  the  purpose  of  warming  the  air  or 
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oxygen  which  is  to  bubble  through  the  Locke's  solution  in  the  chamber.  The 
main  object  of  warming  the  air  is  to  reduce  the  stimulation  which  the  cool  air 
would  give  to  the  uterus  in  passing  about  it  when  the  chamber  is  momentarily 
emptied.  Each  time  the  chamber  is  emptied,  one  may  stop  the  air  from  coming 
to  the  apparatus  by  pinching  the  rubber  air  tube,  but  this  is  somewhat  incon- 
venient when  two  pinchcocks,  in  addition,  have  to  be  operated  quickly.  Man- 
aging any  way  one  may,  it  seems  that  the  emptying  of  the  chamber  will  surely 
cause  slight  stimulation  of  the  uterus,  which  may  result  in  veiy  slightly  in- 
creased contractions.  During  the  changing  of  the  solution,  however,  one  may 
stop  the  drum  and  if  the  writing  lever  or  clamp  holding  it  can  be  adjusted  by 
a  thumb  screw,  the  writing  point  may  be  drawn  away  from  the  drum,  and  thus 
the  record  will  not  be  disfigured  by  such  added  contractions. 

The  chamber  (14)  for  holding  the  Locke's  solution,  in  which  the  uterus  or 
other  organ  is  immersed,  is  made  of  amber  glass  tubing  (3  cm.  inside  diameter) 
and  is  graduated  to  100  c.c.  It  bears  a  cork  stopper  at  the  top  and  a  rubber  one 
at  the  bottom.  As  previously  mentioned,  the  chamber  is  filled  through  tube  11 
from  coil  9,  and  is  emptied  through  tubes  11  and  12,  the  solution  flowing  off  to 
a  waste  bucket  or  drain.  Tube  11  has  a  blind  end  in  the  chamber  but  is  slotted 
on  two  sides  (27)  to  prevent  the  current  of  Locke's  solution  from  striking  di- 
rectly against  the  uterus  when  the  chamber  is  filled.  The  stopper  at  the  top  of 
the  chamber  holds  a  thermometer  (18)  and  a  tube  conveying  air  or  oxygen  to 
the  Locke's  solution.  This  stopper  also  has  two  holes,  one  (19)  for  the  thread 
(31)  from  the  uterus  to  the  writing  lever,  and  another  (20)  through  which  the 
pituitary  solution  or  other  drug  is  introduced. 

The  introduction  of  the  drug  may  conveniently  be  made  with  a  Record 
syringe  having  a  long  needle  by  means  of  which  the  drug  can  be  injected  directly 
into  the  Locke's  solution.  The  air  tube  21  has  a  small  post  about  L5  cm.  long 
near  the  bottom  (22)  to  which  the  uterus  (29)  is  attached,  and  the  opposite 
side  of  the  tube  is  drawn  out  into  a  little  point  or  jet  (23)  from  which  the  air 
escapes  into  the  Locke's  solution.  The  tube  receives  the  air  from  coil  15,  which 
in  turn  receives  it  from  the  tank  or  compressed  air  system  of  the  building.  Coil 
15  is  connected  with  tube  21  by  a  rubber  tube  (26). 

The  thread  from  the  uterus  is  attached  to  one  arm  of  a  counterbalanced 
Harvard  heart  lever  (24),  the  other  arm  being  weighted  down  (1  to  4  gm.) 
by  hanging  upon  it  small  lead  weights  (25).  Harvard  slow-speed,  single  kymo- 
graphs are  used.  These  instruments  are  made  to  turn  the  drum  once  in  ten 
hours,  but  for  this  purpose  are  speeded  up  to  about  one  revolution  in  eight  hours 
by  diminishing  the  weight  of  the  pendulums. 

For  the  purpose  of  giving  a  clear  understanding  of  the  operation  and  use 
of  this  apparatus,  the  testing  of  pituitary  extract  will  be  very  briefly  outlined. 
(A  somewhat  more  detailed  description  of  the  method  is  given  in  another 
paper.-) 

MATERIALS. 

1.  Chemically  pure  salts  necessary  for  making  Locke's  solution. 

2.  Distilled  water. 

3.  Pituitary  extract  to  be  tested. 

4.  /3-imidazohlethylamine  hydrochloride,  or  standard  pituitary  substance. 

5.  The  uteri  of  175  to  250  gram  virgin  guinea  pigs. 


2Eckler,   Charles  R.:     Am.   Jour.   Pharni.,   1917,   Ixxxix,   No.   5,    195. 
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The  distilled  water  is  warmed  to  39°  C.  and  introduced  into  the  bell  glass 
The  lamps  are  turned  on  and  adjusted  to  the  proper  depth  to  maintain  the  de- 
sired temperature.  While  this  adjusting  is  going  on,  the  Locke's  solution  may 
be  made  up  and  introduced  into  the  elevated  chamber,  the  dilutions  of  the  ex- 
tract to  be  tested  and  the  standard  may  be  made,  the  drums  smoked,  the  needles 


Fig.   3. 

threaded,  etc.  W  !,.„  Uk-  apparatus  is  ,n  rcadnicss,  the  pig  is  decapitated  the 
entire  uterus  with  Fallopian  lubes  and  section  of  the  vagina  removed  to  a 'fold 
ot  cotton  saturated  with  warmed  Locke's  solution,  and  the  horns  (,f  (he  uterus 
separated  excluding  the  section  of  vagina.  The  vaginal  end  of  a  horn  is  tied 
o  the  httle  post  on  the  air  tube  {22)  by  a  silk  thread  {28)  which  is  sewed  into 
the  peritoneal  covering  on  the  side  of  the  broad  ligament.     The  ovarian  end  of 
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the  horn  is  attached  to  the  thread  (31)  running  to  the  writing  lever  by  a  small 
pin  hook  (30)  which  is  passed  either  through  the  Fallopian  tube  or  through  the 
peritoneal  covering  as  before. 

The  writing  lever  is  weighted,  and  with  a  thumb-screw  adjustment,  the 
writing  point  is  brought  to  the  drum  and  the  drum  started.  As  soon  as  spon- 
taneous movements  of  the  uterus  have  appeared,  which  will  usually  be  in  about 
half  an  hour,  the  application  of  the  standard  substance  is  begun.  It  is  first 
determined  whether  or  not  the  uterus  will  react  in  a  quantitative  manner,  and 
if  so,  the  standard  and  unknown  are  then  given  alternately  until  a  dilution  of 
each  is  found  which  will  produce  like  contractions  of  the  uterus.  For  example, 
it  may  be  found  that  a  1  :200,000  dilution  of  the  pituitary  extract  will  cause 
approximately  the  same  extent  of  contraction  as  a  1  :20,000.000  dilution  of 
/8-imidazolylethylamine  hydrochloride.     (D  and  E  on  kymograph.  Fig.  3). 

The  substances  to  be  tested  are  carefully  measured  out  with  narrow  pipettes 
and  introduced  into  the  100  c.c.  chamber  with  a  long-needled  Record  syringe, 
in  such  strength  of  solution  that  the  final  dilution  in  the  chamber  will  bring  the 
substances  to  the  dilution  desired.  For  example,  if  it  is  desired  to  apply  a 
1  :250,000  dilution  of  the  pituitar}^  extract  to  the  uterus,  0.4  c.c.  of  a  1  .T,000 
solution  may  be  introduced  into  the  100  c.c.  chamber  and  the  fluid,  which  will 
then  measure  about  99  c.c,  made  up  to  mark  by  rinsing  the  syringe  and  dose 
cup  with  sufficient  warm  Locke's  solution,  thereby  diluting  the  1  : 1,000  dilution 
250  times.  Or,  if  it  is  desired  to  apply  a  1  :20.000,C00  dilution  of  /3-imid.,  0.5 
c.c.  of  a  1  :100,000  solution  may  be  introduced  into  the  100  c.c.  chamber  and  the 
fluid  made  up  to  mark  as  before,  thereby  diluting  the  1  :100,000  solution  200 
times.  The  bubbling  of  the  air  through  the  Locke's  solution  equally  distributes 
the  injected  solution  in  a  few  seconds. 

After  the  application  has  been  made  and  the  writing  point  has  registered  the 
greatest  contraction  the  uterus  will  make  with  the  given  dilution  of  drug, 
which  will  usually  require  from  three  to  five  minutes,  the  chamber  is  emptied 
by  opening  the  pinchcock  13,  when  the  fluid  will  flow  out  through  tubes  11  and 
12.  Closing  this  pinchcock  and  opening  the  one  at  the  elevated  container,  Locke's 
solution  vvill  flow  in  from  coil  9  and  fill  the  chamber.  In  order  to  remove  all 
considerable  traces  of  the  drug  which  may  have  adhered  to  the  sides  of  the 
chamber  or  dififused  from  the  wall  of  the  uterus,  the  chamber  is  emptied  again 
and  refilled  to  within  1  or  2  c.c.  of  the  100  c.c.  mark.  After  about  15  to  30 
minutes,  depending  on  the  activity  of  the  particular  uterus,  another  application 
of  drug  is  made,  and  so  on,  until  the  end  result  is  reached. 


THE  USE  OF  INDICATORS  TO  DETERMINE  H-ION   CONCEN- 
TRATION-APPARATUS FOR  TEACHING* 


By  Louis  Rosenberg,  B.A.,  Dallas,  Texas. 


WITH  very  little  modification  the  following  introduction  from  Professor 
Carmichael's  address  on  Mathematics  in  the  May  18th  issue  of  Science 
applies  to  chemistiy  in  the  medical  curriculum:  "Mathematics  beyond  the  mer- 
est elements  has  been  regarded  by  some  as  an  excrescent  malady  by  the  human 
spirit,  generated  like  the  pearl  in  an  abnormal  and  morbid  way  and  representing 
a  nonliving  embedment  in  the  active  tissue  of  the  organism  of  society ;  by  others 
it  has  been  supposed  to  exhibit  the  highest  intellectual  reach  of  mankind,  being 
in  itself  the  most  powerful  tool  yet  devised  for  the  interpretation  of  natural 
phenomena,  while  at  the  same  time  it  affords  a  satisfying  expression  of  the 
furthermost  esthetic  attainment.  On  the  one  hand,  it  is  considered  a  piece  of 
jugglery  in  which  it  is  the  joy  of  the  proficient  to  produce  more  and  more  com- 
plicated entanglements  to  astonish  the  beholder  and  overwhelm  him  w-ith  the 
sense  of  mystery;  on  the  other  hand,  it  is  seen  to  be  the  systematic  unfolding  of 
remarkable  and  important  properties  of  a  highly  fascinating  creation  or  con- 
struction of  the  human  spirit  by  means  of  which  it  has  at  once  its  most  intel- 
lectual delight  and  the  best  means  of  understanding  its  environment But 

it  is  true,  I  believe,  that  mathematics  is  generally  recognized  as  essential  at  least 
to  scientific  progress." 

I  take  it  therefore  that  those  who  are  striving  to  teach  the  chemistry  that 
modern  medical  students  should  learn  have  met  the  same  difficulties  as  the 
writer :  woefully  deficient  preliminary  training  in  the  science,  absolute  lack  of 
interest,  forced  and  inefficient  application  and  plenty  of  charitable  advice  by 
well-meaning  but   ill-advised   practitioners   that   their  chemical   courses   were   a 
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joke,  that  they  never  used  chemistr}'  in  their  practice  and  that  it  is  more  than  a 
nuisance  in  the  medical  curriculum. 

I  believe,  therefore,  that  you  would  welcome  any  suggestion  that  will  facili- 
tate the  teaching  of  any  concept  that  we  believe  of  fundamental  value  in  the 
equipment  of  the  modern  medical  student  and  I  submit  herewith  a  device  de- 
signed and  made  by  the  writer  which  has  proved  invaluable  in  the  teaching  of 
the  subject  of  indicators  and  their  use  to  determine  H-ion  concentration. 

Referring  to  the  cut  it  is  seen  that  the  apparatus  consists  essentially  of  a 
portable  rack  having  two  shelves :  the  upper  carries  one  liter  bottles  containing 
solutions  of  H-ion  concentrations  unknown  to  the  student;  the  lower  shelf 
carries  the  indicators  arranged  in  a  series  of  descending  H-ion  reaction.  The 
solutions  are  prepared  according  to  the  chart  on  page  157  of  Hawk's  Practical 
Physiological  Chemistry ;  the  indicators  are  selected  from  the  lists  in  the  above 
text  and  in  Mathews'  Physiological  Chemistry.  I  have  found  the  following 
series  of  indicators  best :  Nauvein,  Tropaeolin  00,  Methyl  Orange,  Methyl  Red, 
Congo  Red,  p-Nitro-Phenol,  Rosolic  Acid,  Tropaeolin  000,  Phenolphthalein, 
Thymolphthalein  and  Tropaeolin  0. 

The  general  design  and  arrangement  are  clearly  shown  in  the  cut.  The  only 
feature  requiring  comment  perhaps  is  that  by  which  evaporation  of  the  solutions 
in  the  top  row  of  bottles  is  prevented.  At  first  a  mercury  valve  was  employed 
but  this  proved  unsatisfactory.  The  arrangement  shown  can  be  made  very  easily 
by  sealing  ofif  small  test  tubes  to  the  desired  length  and  using  small  tubes  drawn 
out  to  about  a  one  millimeter  capillary,  thus  to  expose  a  minimal  area  of  the 
solution  in  the  test  tube,  which  is  of  course  the  same  as  in  the  associated  bottle. 

The  apparatus  is  inexpensive  and  can  be  made  up,  solutions  and  all,  in  a 
few  days. 


MASS  URINALYSIS 


By  Mortimer  Warren,  M.D.,  New  York  City. 


THE  knowledge  of  the  essential  value  of  laboratory  examinations,  in  diag- 
nosis, is  universal. 

Independent  laboratories  have  come  into  existence  to  furnish  one  of  the 
means  by  which  the  physician  can  meet  this  demand  of  his  practice.  The  lab- 
oratory has,  in  fact,  assumed  the  responsibility  for  the  performance  of  even 
those  simple  tests  which  compose  a  routine  analysis  of  urine.  The  concentra- 
tion of  effort  resulting  from  the  separation  of  duties  should  lead  to  increased 
reliability  of  method  and  should  furnish  accurate  information  within  the  limits 
of  the  service  undertaken  by  the  laboratory. 

The  laboratory,  however,  tends  to  become  completely  disassociated  from 
the  stimulus  of  the  problems  of  diagnosis.  A  laboratory  thus  constructed  is,  in 
essence  of  organization,  a  factory.  It  follows  that  the  bulk  of  the  work  will 
be  done  by  a  technically  trained  staff  whose  labor  in  great  part  consists  of 
monotonous  repetition  of  routine  procedures. 
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The  system  in  vogue  in  life  insurance  laboratories  in  general  emphasizes 
ihe  specimen  of  urine  as  the  unit.  Here  the  object  is  to  classify  a  given  individ- 
ual on  the  basis  of  the  tn-inary  findings.  Casts,  for  example,  are  considered 
to  be  of  so  much  significance  that  an  exhaustive  search  of  the  sediment  is 
required. 

Another  system  which  has  certain  advantages,  when  a  large  number  of 
examinations  are  to  be  carried  on,  makes  use  of  the  individual  test  as  the  unit. 
So  far  as  sediment  is  concerned,  an  average  time  limit  can  be  found  which  will 
broadly  cover  the  ground.  The  expression  "Casts  not  found"  then  means  that 
no  casts  were  found  in  the  time  devoted  to  the  search.  My  remarks  are  con- 
cerned with  a  personal  experience  in  a  laboratory  which  has  conducted  its  work 
along  the  lines  mentioned  above.  It  has  endeavored  to  standardize  the  methods 
and  has  subjected  all  specimens  to  the  same  routine  with  additions  to  suit  indi- 
cations. I  believe  it  may  be  of  interest  to  outline  the  methods  in  use  and  to 
discuss  briefly  the  results  obtained  so  far  as  they  are  accessible.  The  system  is 
a  composite  which  would  naturally  be  developed  in  some  form  by  anyone  under 
similar  conditions. 

ROUTINE. 

1.  Color. 

2.  Reaction  (litmus  paper). 

3.  Specific  gravity  (room  temperature). 

4.  Albumin  and  quantity  if  in  sufficient  amount. 

5.  Sugar  and  quantity  if  in  sufficient  amount. 

6.  Indican  (when  requested). 

-    „i       •          .  1  Noted  in  color  of  urine  and  confirmed 

7.  Bile  pigments  I     ,      ,    ^      i                           •                 ^  j 
„    „,      ,     .  ^     by  test  when  presence  is  suggested 

8.  Blood  pigments  J      ^^  ^^^   ^^^^^ 

9.  Urobilin  (if  color  gives  indication,  or  if  requested). 

10.  Acetone  bodies   (ferric  chloride  test)    (if  requested 

or  when  sugar  is  present). 

11.  Urea  (hypobromite  method)   (if  requested). 

12.  Sediment. 

1.  Epithelium — flat — round    (small   or   large). 

2.  Leucocytes — relative  abundance  or  absence. 

3.  Erythrocytes — relative  abundance  or  absence. 

4.  Crystals — character. 

5.  Casts — relative  abundance  or  absence — character. 

6.  Bacteria — yeast,  etc.,  and  other  elements. 

I'kOClCUURE    OF    EXAMINATION. 

Specimens  are  entered  on  successively  numbered  canls  wiiicli  follow  ihe 
specimens  as  they  are  examined.  Special  recjuests  or  remarks  are  noted.  The 
specimens  are  run  through  in  sets  of  a  size  which  varies  according  to  daily  cir- 
Ctimstance.  The  bottles  are  arranged  and  nuiubered  1,  2,  3,  etc..  from  left  to 
right  with  a  grease  pencil,  the  accompanying  cards  being  numbered  to  cor- 
respond.    ( )ther  sets  of  the  same  day  are  numbered   1',  2'.  3',  etc. 

Steps. — 

A.   Specific   gravity     ai)pearance     color      reaction. 

R.  The  bottles  are  well  shaken  and  the  urine  is  ])()urc(i  into  15  c.c.  centri- 
fuge tubes  in  a  rack  of  two  rows,  liolding  twentv-four  in  .ill.     These  tubes  are 
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numbered  1,  2,  3,  etc.,  from  left  to  right.     They  are  centrifugated  for  a  speci- 
fied time  at  a  standard  speed. 

C.  From  the  centrifugated  tubes  the  supernatant  fluid  is  carefully  decanted 
from  the  visible  sediment  into  test  tubes  in  a  rack  for  albumin,  sugar,  etc.  The 
sediment  in  the  centrifuge  tubes  is  reserved  for  microscopic  examination. 

D.  From  rack  C,  always  left  to  right,  (1)  a  rack  of  24  tubes  is  filled  one- 
half  full  of  urine  for  albumin;  (2)  to  the  24  tubes  of  a  copper  rack,  each  of 
which  contains  Benedict's  solution  up  to  a  certain  mark  (cross  beam  of  rack), 
is  added  about  one-sixth  volume  of  each  one  of  the  specimens  from  rack  C ; 
(3)  remainder  of  fluid  in  rack  C  is  reserved  for  other  examinations. 

Methods. — Albumin. — To  each  test  tube  of  D^  is  added  one-sixth  volume 
of  saturated  sodium  chloride  solution  (NaCL)  C.  P.  and  two  or  three  drops  of 
3  per  cent  acetic  acid.  The  upper  portion  is  heated  to  boiling  in  a  rack  devised 
for  the  purpose,  two  or  three  drops  of  acetic  acid  are  added  and  the  upper 
layer  is  examined  by  means  of  a  bull's-eye  light  against  a  black  background. 
Presence  of  albumin  is  noted  as  -f,  -f-f,  -] — }--f,  and  more  than  -f-j — [-  is 
determined  quantitively  by  Purdy's  centrifugal  method. 

Treatment  of  Cloudy  Urine. — To  a  test  tube  one-half  full  of  urine  is  added 
1  c.cm.  of  10  per  cent  sodium  hydrate;  the  urine  is  filtered,*  the  filtrate  is  acid- 
ified, and  the  usual  albumin  test  is  proceeded  with  as  above. 

Sugar. — Rack  (D2)  is  immersed  in  a  boiling  calcium  chloride  bath  for  two 
minutes  (calcium  chloride,  technical — saturated  water3^  solution)  (Myers  Hos- 
pital urinalysis).  Those  tubes  which  show  reduction  are  noted  and  the  finding 
is  confirmed  by  a  second  test  with  Kaines  solution.  In  case  of  difficulty  of  in- 
terpretation, a  phenylhydrazine  test  is  done. 

Quantitative  Sugar  (Adaptation  of  Benedict's  Method). — Five  c.c.  of 
Benedict's  reagent  in  a  porcelain  dish  with  one-half  teaspoonful  of  calcium 
carbonate  is  placed  over  a  flame.  The  urine  is  run  in  from  a  10  c.c.  Mohr  pipette 
(urine  diluted  1  to  10).  A  table  for  readings  is  constructed  which  gives  twenty- 
one  readings  from  0.2  per  cent  to  10  per  cent,  var}dng  in  the  lowest  range  by 
0.2  per  cent,  in  the  medium  by  0.5  per  cent,  and  in  the  highest  by  1  per  cent. 
In  this  procedure  it  is  taken  for  granted  that  every  reducing  substance  which 
gives  a  positive  phenylhydrazine  reaction  or  wdiich  allows  of  a  definite  titration 
with  Benedict's  quantitative  reagent  is  glucose.  No  attempt  is  made  to  separate 
the  unusual  carbohydrates. 

Sediment.- — Tubes  of  rack  B  are  kept  in  this  rack  until  examined.  From 
each  tube  the  sediment  is  carefully  decanted  so  as  to  leave  about  ^4  c.c.  of  resi- 
due. This  is  thoroughly  shaken  and  deposited  on  a  glags  slide  by  tapping  the 
upturned  tube  against  the  slide.  An  examination  is  made  with  low  power  of 
the  entire  drop;  undifferentiated  elements,  if  present,  are  examined  wdtb.  high 
power. 

Aside  from  indican,  other  methods  outlined  in  the  routine  require  no  ex- 

*Centrifugation  clears  urine  as  well  as  filtration  does.  A  cloud  composed  of  urates  dissolves  with 
heat,  one  due  to  phosphates  with  acid.  A  cloud  composed  of  bacteria  will  not  be  removed  by  filtration 
or  by  centrifugation;  in  this  case  the  sodium  hydrate  method  of  clarification  is  used.  Occasionally  a 
trace  of  albumin  will  develop  in  these  urines  when  not  originally  present,  due  apparently  to  bacterial 
proteins.  The  practical  result  of  this  procedure  appears  to  be  fairly  reliable  although  the  precipitation 
possibilities  of  albumin  may  be  interfered  with  by  the  addition  of  alkali.  (I  am  unaware  of  the  source 
of  this  method.) 
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planation.  The  method  in  use  for  indican  is  Jaffe's,  which  consists  of  clearing 
urine  with  lead  acetate,  adding  equal  amounts  of  Obermeyer's  reagent  and 
1  c.c.  of  chloroform.  The  test  is  time-consuming  owing  to  the  slowness  of  the 
reaction  and  thus  the  necessity -for  repeated  periods  of  agitation  and  sedimenta- 
tion. The  mere  presence  of  indican  can  hardly  be  called  abnormal.  Its  deter- 
mination should  be  supplemented  by  an  estimation  of  the  amount  present.  This 
is  done  by  noting  the  number  of  drops  of  potassium  chlorate  solution  (3.2  per 
cent  aqueous)  necessary  to  decolorize  the  indigo.  The  findings  in  certain 
urines  may  then  have  interpretative  value  though  the  specimen  of  urine  is  a 
single  one. 

DISCUSSION. 

In  order  to  arrive  at  any  conclusive  opinion  of  the  value  of  such  mass 
urinaiy  examinations,  it  is  necessary  to  consider  what  is  to  be  expected : 

1.  The  work  should  be  reliable.  Every  notation  should  represent  the  re- 
sult of  definite  procedures. 

2.  Abnormal  elements  should  be  detected  and  certain  of  them  expressed 
quantitatively. 

3.  Expression  of  findings  should  be  simple  and  direct.  There  should  be 
no  attempt  to  distort  relative  values  or  emphasize  the  importance  of  the  work 
by  means  of  estimations  and  calculations  of  a  purely  paper  significance. 

4.  It  should  be  understood  that  no  evidence  of  a  metabolic  nature  can  be 
obtained  from  quantitative  estim^ations  of  single  specimens  of  urine.  No  specific 
diagnosis  is  possible  except  in  rare  instances  such  as  Bence-Jones'  proteinuria. 

1.  Reliabilitx  of  JVork  thus  Conducted. — In  general,  the  character  of  the 
work  is  a  direct  reflection  on  the  character  of  supervision.  An  intelligent,  effi- 
cient, and  conscientious  staff  is  comparatively  easy  to  assemble.  Supervision 
covers  outline  of  methods,  distribution  of  labor,  development  of  esprit  de  corps 
and  sympathetic  knowledge  of  the  character  of  the  work  and  of  the  relation  of 
fatigue  to  objective  accuracy. 

This  system,  I  believe,  provides  all  one  could  ask  in  furnishing  tlie  in- 
formation which  may  be  derived  from  routine  examinations.  Its  actual  product 
is  difficult  to  analyze.  In  an  attempt  to  ascertain  the  character  of  results,  speci- 
mens were  sent  through  at  various  times  in  duplicate.  In  the  series  there  was 
in  one  instance  a  variation  of  si)ccific  gravity  of  3  points,  failure  to  find  a  few 
hyaline  and  granular  casts  in  another  instance,  a  variation  of  4  per  cent  in  bulk 
albumin  percentage  in  another.  Otherwise,  the  findings  were  in  agreement. 
To  determine  the  personal  element  in  allnimin  readings  a  series  of  forty-eight 
urines  were  read  by  five  different  individuals.  In  this  series  the  maximum 
number  of  specimens  without  albumin  was,  according  to  <me  observer.  3().  to 
another,  24.  On  the  other  hand,  there  was  entire  agreement  on  largo  amounts 
with  shades  of  difference  between  so-called  -\ — |-  and  ~\-  -|-  -|-.  In  olhor  words, 
it  IS  obvious  that  the  shading  of  the  nonalbuminous  urine  into  that  containing 
more  or  less  definite  amounts  is  such  that  absolute  agreement  can  not  lie  lioped 
for.  In  fact,  the  reported  presence  of  a  faint  trace  of  albumin  without  con- 
tirmation  or  without  other  evidence  on  the  clinical  siile  lias  no  significance. 
I'hc  tinding  of  albumin  or  casts  or  botli  can  not  be  intcrpicted  b\   the  laboralorv. 
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Their  importance  (in  case  the  finding  is  accidental)  is  simply  to  draw  the  closer 
attention  of  the  physician  to  his  patient. 

2.  The  Detection  of  Abnormal  Blements. — Bile,  blood  pigments,  urobilin 
and  other  coloring  matters  would  not  be  found  unless  in  sufficient  amovmt  to 
attract  the  attention  of  the  observer  who  notes  the  color,  appearance,  etc. 
Whether  Bence-Jones'  protein  would  be  discovered  or  not  I  can  not  say  1\\- 
actual  experience.  In  the  only  case  which  I  have  seen,  this  was  overlooked  in 
the  routine  examination  of  urine  in  a  hospital.  The  routine  method  here  out- 
lined, using  a  rack  and  heating  several  urines  at  a  time,  would,  I  believe,  offer 
less  chance  for  the  error  than  the  hitrried  individual  test  where  one,  unless  ex- 
pectant, is  likely,  owing  to  the  early  precipitation  of  the  protein,  to  shorten  the 
necessary  period  of  actual   boiling. 

Paragraphs  3  and  4  are  obvious  statements. 

CONCLUSION. 

I  believe  this  system  fairly  meets  the  requirements,  allowing  for  a 
small  percentage  of  error.  I  do,  however,  believe  it  should  develop  greater 
accuracy.  It  lacks  the  element  of  confirmation.  This  can  readily  be  obtained 
by  duplicate  examinations  in  the  case  of  description,  specific  gravity,  albumin 
and  sugar.  The  two  latter  tests  should  be  repeated  for  exactly  the  same  reason 
that  no  one  depends  upon  a  Wassermann  reaction  which  relies  on  a  single 
test  and  its  control.  Though  the  importance  is  less,  the  principle  is  the  same. 
An  approximately  accurate  determination  of  the  specific  gravity  is  important 
from  a  functional  point  of  view  when  the  fluid  intake  of  the  patient  is  under 
control.  There  is  special  liability  in  "piece  work"  to  read  the  urinometer  be- 
fore it  has  come  to  rest  under  proper  conditions. 

The  description  of  urine,  its  color  and  appearance  have  an  important  bear- 
ing on  the  subsequent  examination  and  therefore  can  not  be  too  carefully 
noted.  In  conducting  these  confirmatory  tests,  a  second  portion  of  centriiu- 
gated  urine  would  be  furnished  which  would  allow  of  a  second  examination 
in  cases  where  there  is  reason  to  believe  the  particular  drop  under  observation 
is  not  representative. 

The  collection  and  preservation  of  urine  are  important  factors.  Under  the 
conditions  which  I  have  described,  in  the  summer  months  a  large  proportion 
of  the  urines  examined  are  so  contaminated  that  the  microscopic  examination 
is  of  no  value  and  represents  a  lot  Of  useless  labor.  Urine  should  be  properly 
collected.  It  should,  so  far  as  is  practicable,  represent  the  kidneys,  bladder,  and 
urethra,  and  not  the  prepuce  and  vagina.  The  urine  should  be  collected  in  a 
scrupulously  cleaned  vessel  and  immediately  delivered  into  a  sterilized  bottle,  or 
where  possible,  passed  into  the  bottle,  after  thorough  cleansing  of  the  parts. 
Preservation  of  urine  is  unsatisfactory  in  my  experience.  Boric  acid,  which  is 
the  only  practicable  substance  on  account  of  its  noninterference  with  the  usual 
tests,  is  only  mildly  antiputrefactive ;  but  I  believe  it  would  have  a  much  better 
chance  if  the  above  precautions  were  used  in  collection. 

Centrifuge  tubes  should  be  cleaned  with  soap  and  water,  then  with  weak 
acid  and  thoroughly  rinsed,  drained,  dried,  and  sterilized  with  hot  air.  All 
test  tubes  should  be  put  through  the  same  process ;  tliere  is,  how^ever,  no  need 
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of  Sterilization.  Centrifuge  tubes  require  sterilization  in  order  to  avoid  as  much 
as  is  possible  the  rapid  deterioration  of  urine  which  takes  place  in  the  moist  air 
of  the  laboratory  in  the  period  which  may  elapse  between  centrifugation  and 
examination. 


GUINEA  PIGS  FOR  PROFIT 


By  M.  a.  Kroeber,  Mt.  Vernon,  N.  Y. 


ONE  finds  it  easy  to  do  what  one  can  do  well.  This  applies  to  raising  guinea 
pigs  as  to  other  things ;  and  it  is  easy  to  do  it  well  for  guinea  pigs  because 
they  give  satisfactory  returns  for  simple  care.  With  proper  food  at  regular  in- 
tervals and  clean  cages  the  caretaker  does  not  need  to  know  much  about  causes 
of  death  or  treatment  of  disease. 

The  guinea  pig's  only  enemies,  if  kept  in  the  house,  are  rats,  but  outdoor 
runs  must  be  protected  from  cats  and  dogs. 

To  have  recognition  in  supplying  hospitals  with  animals  the  breeder  must 
be  able  to  raise  them  in  large  numbers  so  as  to  continually  reserve  a  sufficient 
nuniber  from  which  to  breed  so  that  the  stock  may  not  diminish  toward  spring. 
The  laboratories  make  small,  practically  no  demands  for  animals  during  the  sum- 
mer months,  so  that  in  September  the  supply  is  in  excess  of  the  demand.  By 
February,  however,  there  are  not  so  many  on  the  market,  and  by  May  there  is 
a  shortage  among  the  dealers.  This  causes  a  temptation  for  the  breeder  to  sell 
more  in  March  and  the  following  months  than  is  consistent  with  reserving  stock 
for  the  fall. 

Some  hospitals  use  animals  as  small  as  ten  ounces,  others  stipulate  at  least 
five  hundred  grammes.  To  raise  an  animal  to  the  latter  weight  consumes  six 
months.  All  circumstances  being  favorable,  they  may  reach  that  condition  some- 
what before,  but  adverse  circumstances  may  easily  prevent.  Among  the  causes 
which  deter  the  rapid  attainment  of  weight  is  premature  conception,  animals  not 
being  in  a  condition  for  mating  under  six  months  of  age  and  eight  months  is  dis- 
tinctly advantageous,  for  a  mature  mother  shows  no  ill  effects  from  bearing 
young  and  makes  a  rapid  resumption  of  strength  for  another  healthy  litter  of 
large  animals.  If  n;ature  animals  are  used  to  breed  from,  there  are  no  abortions 
and  full  litters  of  well-developed  young  are  produced.  When  mothers  are  too 
young  the  first  litter  may  cause  the  death  of  the  mother,  or  though  the  first  may 
be  healthy,  subsequent  litters  are  usually  spindly  and  inclined  to  still-births. 
First  litters  do  not  number  as  many  animals  at  later  litters,  one  or  two  being 
usual.  The  mother  thereafter  produces  three  to  five,  more  being  out  of  the 
ordinary  and  undesirable  from  the  standpoint  of  vigor. 

In  order  to  prevent  animals  from  conceiving  prematurely,  the  sexes  must 
be  separated  at  the  age  of  one  month,  when  the  young  are  taken  from  the  mother. 
A  number  of  small  animals  may  be  kept  to  advantage  in  the  same  cage  if  (.1  an 
approximate  age.  If  large  and  small  animals  are  kept  together  the  weaker  are 
trampled  upon  and  are  not  allowed  sufricient   food.     As  the  animals  approach  six 
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months  of  age  the  males  develop  decidedly  pugilistic  tendencies  which  makes  it 
desirable  to  sell  them  early,  keeping  only  necessary  mates.  The  females  are  not 
prone  to  fight  until  after  successive  families  when  they  lose  their  smoothness  of 
temper.  It  is  best  to  have  only  two  mothers  in  a  cage  together  at  the  time  of 
birth  and  nursing. 

Six  or  even  eight  females  can  be  allowed  to  a  male  at  a  time,  but  they  do 
better  if  they  are  separated  from  the  mate  when  in  kindle  about  a  month.  They 
carry  their  young  two  months  and  nurse  them  from  three  to  four  weeks.  Four 
litters,  therefore,  is  the  most  one  can  raise  from  a  female  in  a  year,  a  good 
mother  often  having  only  three — ten  to  twelve  babies  a  year  in  all.  A  good 
breeder  in  her  prime  produces  twenty-two  or  twenty-four  young  with  neither 
still-birth  nor  abortion.  She  should  not  breed  after  three  years  of  age,  and 
three  years  is  the  outside  limit  of  desirability  for  sale.  With  good  care  they 
do  live  three  or  four  years  longer  as  pets. 

Oats  and  hay  with  abundant  green  food  keep  guinea  pigs  in  the  pink  of 
condition,  the  succulent  food  being  a  laxative  without  which  they  do  not  thrive, 
while  if  the  oats  are  omitted  they  fail  in  attaining  good  weight  in  short  time. 
Bread  is  eaten  by  some  but  is  not  economical ;  neither  is  grass  advantageous 
in  the  diet  if  one  aims  to  get  rapid  results. 

A  healthy  animal  is  sleek  of  fur,  clear  of  eye,  and  cheerful — moping  being  a 
sure  sign  of  sickness.  The  animals  thrive  best  in  a  temperature  not  under  fifty 
degrees,  which  puts  draughty  barns  out  of  the  question  as  quarters  in  winter. 
They  can  stand  a  cool  habitation  but  if  exposed  to  draught  or  wet  bedding  suc- 
cumb to  pneumonia. 

Sawdust  or  hay  make  the  best  bedding,  preferably  the  former,  and  an  in- 
secticide is  never  needed  if  the  cracks  and  corners  of  the  cages  are  kept  clean. 

If  an  animal  is  ill  from  cold  or  injudicious  feeding  two  or  three  drops  of 
castor-oil  can  be  given  to  advantage  and  the  dose  repeated  if  necessary.  For 
loose  bowels  omit  the  green  food  for  two  or  three  days  or  for  constipation 
supply  greens  in  abundance — clover,  dandelion,  lettuce,  celery,  beet-tops,  car- 
rots or  carrot  tops,  etc. 

The  floor  of  cages  should  be  impervious  to  moisture,  either  of  zinc,  gal- 
vanized iron,  or  of  wood  treated  with  a  moisture-,  acid-,  alkali-proof  paint. 
Ventilation  should  be  good,  fresh  air  being  absolutely  necessary.  An  escape  of 
illuminating  gas  is  fatal. 
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EDITORIALS 


The   Physician's  Responsibility    in    Connection    With    the   Food 

Situation 

EVEN  prior  to  the  present  unusual  economic  conditions  created  by  the  war 
for  democracy,  cries  of  the  increased  cost  of  living  were  heard  on  every 
side.  Much  of  this  increase,  particularly  in  the  case  of  food,  has  been  due  not 
so  much  to  any  real  scarcity  in  the  staples  of  life  as  to  the  development  of 
more  luxurious  habits  of  living.  These  concern  not  alone  the  particular  food- 
stuffs, but  the  manner  of  their  delivery  to  the  consumer;  elaborate  retail  stores 
in  expensive  buildings,  the  use  of  fancy  and  unnecessary  packages  and  con- 
tainers, and  insistence  on  prompt  delivery,  have  all  contributed  toward  raising 
the  retail  price  of  food  far  above  its  real  value.  The  trouble  with  us  has  been 
not  so  much  the  increased  cost  of  living  as  the  cost  of  increased  ease  and  ele- 
gance of  living.  The  wealth  of  the  country  has  been  so  great  that  the  conse- 
quences of  extravagance  were  not  felt  by  the  i)eople  as  a  whole;  but  now  we 
face  the  possibility  of  a  real  shortage  of  food — at  least  what  would  bo  one  were 
the  standards  of  the  past  few  years  insisted  upon.  To  avoid  such  a  catastrophe 
we  must   recast   our  ways  of   living;   wc   must   learn   how   to   secure   an   am]ile 
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sufficiency  of  nutriment  for  even  the  poorest  of  our  people  from  other  sources 
of  foodstuffs  than  those  that  we  have  been  accustomed  to  use.  No  one  who 
is  famiHar  with  the  actual  state  of  affairs  has  even  hinted  at  the  possibility  of 
an  insufficiency  of  nourishment  for  every  individual  in  this  country,  provided 
there  is  no  waste  and  the  dietaries  are  so  adjusted  as  to  use  those  foodstuffs 
that  are  available.  There  is  no  danger  of  a  food  shortage  if  the  available  sup- 
ply is  properly  used,  but  such  might  easily  develop  and  a  state  of  partial  famine 
become  established,  did  we  continue  to  live  by  our  old  wasteful  standards. 

The  greater  part  of  this  adjustment  can  be  made  by  centralized  administra- 
tive power,  but  this  alone  may  prove  inadequate,  and  the  administration  be 
seriously  embarrassed  in  its  work  by  popular  disapproval  and  misunderstand- 
ing, unless  the  actual  consumer  comprehends  the  principles  upon  which  such 
control  must,  and  no  doubt  will  be,  based. 

Elsewhere  in  this  Journal  is  published  an  article  dealing  in  an  elementary 
way  with  the  principles  upon  which  control  of  diet  is  based.  It  is  thoroughly 
appreciated  that  to  the  majority  of  the  readers  of  the  Journal  many  parts  of 
such  an  article  will  appear  to  be  superfluous,  because  they  deal  wath  elementary 
truths  of  dietetic  physiology  which  every  physician  knows  or  used  to  know, 
but  it  is  hoped  that  placing  the  newer  less  familiar  pieces  of  knowledge  in  their 
proper  relationship  with  the  old  will  be  considered  as  sufficient  justification  for 
adopting  such  a  method. 

In  the  readjustment  of  diet  which  each  family  must  probably  make  during 
the  ensuing  year,  it  will  frequently  be  necessary  for  the  physician  to  see  that 
no  serious  mistakes  leading  to  under-nutrition  have  been  made.  He  will  no 
doubt  be  consulted  by  his  patients  on  this  particular  point,  and  it  can  not  but 
help  him  in  giving  good  advice  if  he  avails  himself  of  an  opportunity  to  rub 
off  some  of  the  rust  which  from  disuse  must  have  developed  on  the  machine 
of  dietetic  physiology  and  hygiene  which  as  a  student  he  was  more  or  less 
familiar  with.  The  old  machine  has,  moreover,  become  much  changed  and  added 
to  in  recent  years. 

The  average  diet  used  by  the  individuals  of  a  community  depends  on  a 
variety  of  circumstances.  For  practical  purposes  these  may  be  divided  into 
two  groups,  of  which  the  one — the  economic — concerns  the  easiest,  most  con- 
venient way  of  supplying  the  food,  and  the  second — the  physiological  or  hygienic 
or  personal — concerns  the  requirements  of  the  body  for  food.  It  is  particu- 
larly with  the  second  of  these  that  the  housewife  can  be  of  incalculable  service 
if  she  places  herself  in  a  position  rightly  to  adjust  the  diet  so  as  not  to  inter- 
fere with  its  food  value.  If  the  economic  situation  should  make  it  necessary 
that  changes  be  made  in  the  amount  and  nature  of  the  food  allowed  each  in- 
dividual, it  will  rest  with  the  housewife  to  adjust  her  table  to  the  new  require- 
ments without  interfering  with  the  efficiency  of  the  diet.  In  order  to  do  this 
she  must  have  some  means  for  measuring  the  adequacy  of  food — some  value 
or  standard  by  which  she  may  appraise  its  true  nutritive  worth.  If,  for  example, 
the  available  supplies  should  demand  that  each  individual  must  replace  in  his 
diet  some  foodstuff,  such  as  wheat  flour,  to  the  use  of  which  he  has  become 
accustomed,  with  other  less  familiar  foodstuffs,  how  are  we  to  know  how  much 
of  the  one  should  be  used  to  replace  the  other?     Unless  the  substitution  be  in- 
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telligently  made,  serious  disturbances  to  health  are  very  likely  to  follow,  espe- 
cially in  the  case  of  the  young  and  growing  members  of  the  household. 

In  the  present  conflict  between  autocracy  and  democracy  in  which  our 
country  is  engaged,  the  one  thing  upon  which  victory  will  rest  is  efficiency — - 
efficiency  not  alone  of  those  who  are  fighting  for  us  on  the  battlefields  and  of 
the  administrative  authorities  of  our  army  and  navy,  but  efficiency  of  the  peo- 
ple at  home.  In  no  way  can  this  domestic  efficiency  with  regard  to  the  problem 
of  the  adequate  and  intelligent  household  administration  of  food  display  more 
practical  eft"ect  than  now  at  the  very  outset  of  this  country's  entry  into  the  war. 
By  carrying  scientific  efficiency  into  every  detail  of  our  living,  we  can  beat  the 
Germans  at  their  own  game. 

The  object  of  the  present  article  is  to  explain  the  standards  upon  which 
this  control  of  diet  depends.  It  is  not  intended  to  prescribe  in  detail  what 
foodstuff's  should  go  to  make  up  a  particular  dietary,  for  this  must  var}^  with 
the  requirements,  the  individual  tastes,  and  the  purse  of  the  family,  but  to  ex- 
plain in  simple  language  the  principles  upon  which  such  details  can  be  worked 
out.  To  present  you  with  innumerable  diet  sheets  for  every  conceivable  con- 
dition that  might  arise,  would  not  only  be  confusing,  but  as  useless  in  instructing 
one  in  the  principles  of  dietetics  as  it  would  be  to  insist  on  a  medical  student's 
learning  by  heart  the  composition  of  a  medicine  for  each  disease  he  might 
meet  with  in  his  practice.  We  do  not  attempt  to  do  so,  but  we  make  him 
study  the  principles  upon  which  he  may  himself  compose  his  medicine  to  suit  the 
peculiar  svmptoms  of  each  particular  case. 

_/.  /.  R,  M. 


The  Occurrence  of  a  Lymphocytosis  as  One  of  the  Late  Symptoms  of 

Gas  Poisoning 

A  PECULIAR  and  striking  change  in  the  lymphocyte  cell  count  of  the  blood 
in  patients  who  have  suffered  from  gas  poisoning  has  recently  been  ob- 
served by  Miller^  and  Rainy.-  This  change  consists  in  a  very  marked  increase, 
both  relative  and  absolute,  in  the  number  of  lymphocytes.  It  would  appear  that 
this  increase  develops  only  after  a  period  of  a  month  or  six  weeks  following 
severe  gas  poisoning,  or  after  a  somewhat  longer  period  if  the  intoxication  was 
of  a  milder  degree.  And  in  cases  with  persistent  symptoms  the  lymphocytosis 
may  continue  a  long  time,  at  least  for  eighteen  months. 

The  type  of  cells  which  is  increased  is  the  small  lymphocyte  with  relatively 
large  deeply  staining  nucleus  and   relatively  little  protoplasm.     In  a  few  cases 
there  was  a  fair  sprinkling  of  larger  lymphocytes  with  a  broader  rim  of  proto- 
plasm and  a  larger  nucleus.     No  other  tyi»c  of  blood  cell  appeared  to  bo  influ 
enced  in  any  constant  fashion. 

In  a  series  of  normal  persons  the  average  number  of  polymorphs  was  about 
70  per  cent,  while  the  lymphocytes  constituted  about  20  per  cent  of  the  total 
white  cell  count.     This  was  found  in  cases  in  which  the  total  leucocyte  count 


'Miller,    C.ipt.    I.iiiun,    aixl    Kainv,    Capt.    llanv:      Tlio    Lancet.    London.    1«17,    cxcii,    Jan.    (>,    19. 
^Miller,   Capt.   James;      Iliid.,    I<)17,   cxcii,    May   26,   793. 
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varied  from  5500  to  9000  per  cubic  millimeter.  But  in  marked  cases  of  gas 
poisoning  it  was  found  that  when  a  general  leucocytosis  occurred  there  was  also 
an  absolute  increase  in  the  number  of  lymphocytes;  for  example,  in  one  severe 
case  with  a  total  white  cell  count  of  17,000  per  cubic  millimeter  there  were  6401 
(37%)  polymorphs  and  10,034  (58%)  of  lymphocytes.  Apparently  in  a  rela- 
tively very  small  number  of  cases  (usually  mild  ones)  this  phenomenon  was 
scarcely  noticeable,  the  number  of  lymphocytes  being  almost,  if  not  quite,  down 
to  the  normal  limits.  But  its  constancy  in  the  great  majority  of  cases  in  which 
symptoms  persist  is  regarded  as  of  particular  significance,  especially  in  the  mat- 
ter of  diagnosis  and  in  the  estimation  of  the  degree  of  severity  of  the  injury  pro- 
duced by  a  previous  exposure  to  a  poisonous  gas. 

The  question  of  the  character  of  the  gas  which  may  produce  these  effects 
arises  at  once.  On  this  point  the  information  obtained  was  unfortunately  very 
indefinite.  The  blood  change  would  appear  to  have  no  relation  to  the  nature  of 
the  gas  employed.  Undoubtedly  some  of  the  cases  were  due  to  chlorine,  but 
others  were  evidently  due  to  other  forms  of  ga's,  and  the  conclusion  is  drawn  by 
the  observers  that  probably  all  the  poisonous  gases  which  have  so  far  been  ex- 
tensively used  in  the  war  may  produce  this  efifect.  On  the  basis  of  the  late 
symptoms  the  cases  could  be  roughly  classified  into  three  groups,  viz.,  those  in 
which  gastric  symptoms  predominated,  those  in  which  respiratory  disorders 
were  more  prominent  (not  infrequently  both  types  were  met  with  together), 
and  finally  cases  which  exhibited  chiefly  nervous  symptoms.  But  apparently 
the  character  and  origin  of  these  symptoms  in  nowise  influenced  the  extent  and 
nature  of  the  blood  changes. 

Lymphocytosis  is  a  characteristic  symptom  in  a  considerable  variety  of 
pathological  conditions.  The  authors  have  considered  those  conditions  carefully 
in  order  to  determine  whether  or  not  they  could  find  any  common  feature  or 
lesion  which  might  also  be  present  in  patients  suffering  from  the  late  effects  of 
gas  poisoning,  and  which  might  throw  some  light  on  the  origin  of  the  lymphocy- 
tosis. These  considerations  have  led  to  the  tentative  conclusion  that  probably  a 
chronic  inflammatory  change  in  the  respiratory  and  gastric  mucus  membranes  is 
at  least  a  factor  in  the  production  of  the  blood  changes. 

It  is  further  significant  to  note  that  after  a  long  and  careful  study  of  many 
cases  of  gas  poisoning  the  authors  find  it  necessary  to  state,  "we  are  still  in  the 
early  stages  of  our  knowledge  of  the  effects  of  gas  poisoning  on  the  body." 

—D.  B.  J. 
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OPERATIVE  TREATMENT  OF  PERIPHERAL  NERVES  AFTER 

SEVERANCE,  MORE  PARTICULARLY  AFTER  LOSS  OF 

SUBSTANCE-A  CRITICAL  REVIEW* 


By  G.  Carl  Huber,  M.D.,  Ann  Arbor,  Mich. 


ALL  available  contributions  relative  to  injuries  of  peripheral  nerves  in  recent 
wars,  and  particularly  the  present  war,  call  attention  to  the  relatively  large 
number  of  such  injuries.  This  is  attributed  in  part  as  due  to  the  character  of 
modern  small  and  large  arms  and  to  a  large  extent  to  the  success  of  modern 
surgery,  by  means  of  which  the  necessity  for  amputations  is  obviated  and  indeed 
life  itself  maintained.  Available  accounts  of  the  Russo-Japanese  \\'ar,  the  first 
and  second  Balkan  Wars,  to  a  lesser  extent  the  lUjer  \\  ar,  bring  these  facts  to 
light ;  more  particularly  is  this  true  of  the  present  war.  Bernhardt,  writing 
early  in  1915,  states  that  of  the  approximately  five  hundred  thousand  wounded 
of  the  Central  Powers,  seven  to  eight  thousand  had  received  injuries  to  periph- 
eral nerves.  Tinel,  who  has  made  use  of  the  wealth  of  material  collected  by 
the  Neurological  Society  of  Paris,  estimates  that  18  to  20  per  cent  of  the  men 
wounded  in  the  limbs  have  more  or  less  important  injuries  to  perij)heral  nerves 
and  the  percentages  are  higher  if  cases  of  slight  trauma  arc  eliminated.  Tinel 
estimates  that  60  to  70  per  cent  of  the  cases  recover  spontaneously,  although 
in  10  to  20  per  cent  of  these,  surgical  intervention  would  have  quickened  the 
])rocess  of  cure.  Surgical  operation  for  the  suture  of  a  divided  peripheral  nerve 
or  for  its  liberation  from  grij)  of  cicatricial  tissue  is  required  in  30  to  40  per 
cent.  The  results  of  suture  should  be  satisfactory  in  85  to  88  per  cent  of  cases 
orerated  ui)on,  better  if  suture  is  applied  early.  (  1  regret  to  say  thai  I  have  not 
been  able  to  obtain  this  \aluablo  woi-k  of  Tinel.  I  am  dependent  on  ro\iows  in 
'•rilish  literature. ) 

•From    the    Dc(>arUnent    of    Anatomy,    I'lviversity    of    Michigan    Medical    School,    Ann    Arbor,    Mich. 
Prepared    for    the    Committee    on    Medicine    and    HvKienc.    of    the    National    Research    Council. 
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Since  injuries  to  peripheral  nerves  form  so  large  a  percentage  of  the  war 
injuries,  and  since  the  results  of  such  injuries  are  of  such  serious  nature,  all 
light  which  can  be  thrown  on  their  probable  relief  and  cure  can  not  help  but  be 
welcomed.  Cognizant  of  this,  the  writer  of  this  report,  who  is  not  a  surgeon  and 
is  wholly  lacking  in  surgical  and  clinical  experience,  feels  that  he  is  justified  in 
presenting  observation  made  in  laboratory  experiments,  especially  with  refer- 
ence to  repair  of  nerves  after  loss  of  substance,  in  the  hope  that  some  considera- 
tions of  value  may  be  presented.  This  report  is  made  then,  from  the  viewpoint 
of  the  laboratory  worker,  and  the  clinical  observations  cited  are  interpreted  from 
this  viewpoint  and  not  from  that  of  the  clinician. 

As  is  w-ell  known,  the  peripheral  portion  of  a  severed  nerve  degenerates  from 
seat  of  injury  to  its  termination,  whether  immediately  sutured  or  not.  The  cen- 
tral stump  degenerates  to  the  extent  of  1  cm.  to  1.5  cm.  The  details  of  the 
process  of  degeneration  need  not  be  given  here.  Suffice  it  to  say  that  three  or 
four  days  after  the  injuiy,  the  myelin  sheaths  and  neuraxes  fragment  and  there 
is  observed  the  beginning  of  an  active  proliferation  of  the  sheath  cells.  During 
the  following  ten  to  fifteen  days,  the  myelin  and  neuraxis  segments  are  largely 
absorbed  while  the  proliferating  sheath  cells  with  their  protoplasm  unite  to  form 
syncytial  bands  or  strands  of  multinucleated  protoplasm  found  in  the  old  neuro- 
lemma sheaths.  These  strands^-"Bandfasern" — persist  for  many  weeks  even 
though  the  peripheral  end  is  completely  severed  from  its  central  portion.  These 
"Bandfasern"  do  not  conduct  nerve  impulses  and  have  no  demonstrable  trophic 
influence  on  the  tissues  innervated  by  the  respective  nerve  prior  to  severance. 

Regeneration  of  the  peripheral,  degenerated  portion  is  irom.Mie  central  un- 
injured stump.  X^uiTierous,  five  to  ten  and  even  more,  embryonic  neuraxes  have 
been  observed  to  sprout  from  a  single,  central  neuraxis  and  to  grow  toward  the 
severed  end,  and  if  mechanical  conditions  are  such  as  to  admit  of  it,  reach  the 
peripheral  end,  to  grow  down  in,  and  perhaps  between,  the  old  sheaths  of  the 
degenerated  portion,  ultimately  to  reach  the  periphery.  Active  outgrowth  of  the 
central  neuraxes  begins  about  the  fifteenth  to  twentieth  day  after  severance  of 
the  nerve.  The  rate  of  growth  is  estimated  to  be  about  1  mm.  to  2  mm.  a  day,  in 
favorable  cases;  a  fact  to  be  borne  in  mind  in  judging  of  the  results  of  opera- 
tions for  repair  of  peripheral  nerves.  I  believe  I  am  justified  in  stating  that  the 
results  of  all  the  more  recent  work  on  nerve  regeneration  indicate  a  monophy- 
letic  origin  of  regenerating  neuraxes,  namely,  from  the  central  uninjured  stump, 
the  peripheral,  degenerated  portion  taking  no  active  part  in  this  process. 

Abundant  experimental  and  clinical  results  are  at  hand  warranting  ex- 
pectation of  favorable  results  after  suture  of  severed  peripheral  nerves,  neurotiza- 
tion of  the  peripheral  portion  taking  place  in  the  great  majority  of  cases.  This  is 
a  practice  so  well  known  in  surgery  that  stress  need  not  be  given  it  here.  Ex- 
perimental and  clinical  observations  go  to  show  that  the  results  are  more  favor- 
able the  sooner  after  nerve  severance  the  suture  is  applied  and  the  more  care- 
fully and  accurately  the  divided  ends  are  sutured,  and  the  nearer  the  periphery 
the  injury  occurs.  In  civil  practice,  the  suture  of  nerves,  either  primary  or 
secondary,  is  u.sually  not  attended  with  .unusual  difficulties,  judging  from  reports. 
In  recent  wars,  more  especially  in  the  present  war,  the  results  of  the  modern 
bullet  and  of  artillery  fire,  etc.,  are  of  such  a  nature  that  the  injuries  to  nerves 
are  much  more  difficult  of  treatment.     Nearly  all  of  the  articles  I  have  had  op- 
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portunity  to  read  call  attention  to  the  difficulty  and  often  impossibility  of  giving 
the  necessary  care  to  injuries  of  peripheral  nerves  at  the   front,  owing  to  the 
character  of  the  wounds,  in  many  cases,  or  for  other  reasons.     The  great  ma- 
jority of  the  cases  reported,  therefore,  come  from  base  hospitals  and  are  treated 
weeks  and  often  months  after  the  receipt  of  the  injury.     In  many  cases  reported 
the  severed  ends  of  nerves  were  so  extensively  involved  in  dense  and  extensive, 
often  callous-like  cicatrices,  that  resection  of  the  nerve  ends  to  the  extent  of 
several  centimeters  is  necessitated,  before  the  nerve  ends  can  be  freed  and  nor- 
mal nerve  tissue  is  reached.     Even  with  nerve  trunks  only  partially  cut  or  the 
larger  nerve  trunks  pierced  by  a  rifle-bullet,  both  of  which  injuries  seem  not  un- 
common in  the  present  war,  the  cicatricial  tissue  developing  secondarily  at  the 
seat  of  injury  is  such  as  to  produce,  owing  to  contraction,  either  severe  neu- 
ralgic pains  or  partial  or  complete  destruction  of  the  nerve  involved,  necessitat- 
ing neurolysis  or  resection  of  the  nerve.     Operative  repair  of  nerves  after  loss 
of  nerve  substance  has  received  especial  consideration  in  civil  practice.     Abun- 
dant consideration  has  been  given  this  question  in  recent  and  the  present  wars, 
and  it  is  particularly  to  this  phase  of  the  question  that  I  desire  to  draw  attention, 
and   again,   primarily,    from    the   viewpoint   of   the   laboratory   worker.      In   the 
course  of  this  report,  citations  from  the  literature  covering  the  earlier  period  of 
this  war,  are  made.     In  the  great  majority  of  the  cases  reported,  these  were  re- 
ported before  sufficient  time  had  elapsed  to  determine  the  ultimate  result  of  the 
operative  procedure  used.     The  German  literature,  both  surgical  and  neurologic, 
covering  the  period  of  the  war  to  the  time  German  publications  ceased  to  be 
received,  teems  with  reports  of  war  injuries  to  peripheral  nerves.     The  French 
and  especially  the  English  literature  is  not  nearly  so  rich  in  such  reports,  the 
articles  consisting  largely  of  briefer  accounts  of  small  groups  of  cases  or  isolated 
cases  found  in  society  transactions  and  journals.    The  work  of  Tinel,  French,  very 
probably  of  great  value,  I  have  not  been  able  to  see  in  the  original,  as  previously 
stated.      In   operations   for   repairs   of   nerves   after   loss   of   substance,   attempt 
should,  of  course,  be  made  to  bring  the  severed  ends  in  apposition  for  direct 
suture,  so-called  nerve-stretching  (Schiiller).     Even  gaps  of  4  cm.  to  6  cm.  are 
now  and  then  obliterated  if  slight  tension  is  made  on  the  central  and  peripheral 
stumps,  especially  with  the  limb  placed  in  slight  flexion  or  extension,  depending 
on  the  nerve  involved.     Attention  is  called  to  the  experimental  work  of  Stolifel, 
who  states  that  recognition  should  be  given  to  what  he  terms  "Xervenmechanik," 
showing  how  different  nerves  are  affected  by  limb  posture.     The  median  nerve, 
for  instance,  is  stretched  on  extension  of  the  forearm,  while  the  ulnar  nerve  is 
relaxed.     Stofifel  has  further  shown  that  the  funiculi  of  ])oripheral  nerves  have 
a  definite  course  and  position  in  i)eripheral  nerve  trunks,  maintained  practically 
through  the  extent  of  the  nerve.     .Sensory  and  motor  ])aths  are  often  (juite  inde- 
pendent.    Attempts  should  be  made  in  direct   suture   to   bring  togelher  the  two 
severed  ends  in  as  nearly   normal   relative  positions  as  possible,   so  that   down 
growing  neuraxes  from  one  funiculus  are  in  faxorable  ])osition  to  reach  the  cor- 
responding funiculus  in  the  peripheral  stump.     Tliis  is  said  to  taxor  regeneration. 
It  may  be  added,  however,  that  the  necessity  of  sucli  accurate  approximation  is 
not  clearly  evident  as  a  result  of  experimental  work. 

A  number  of  operators  recommend  surrounding  the  ner\  c  tnuik  at  the  seat 
of  suture  by  means  of  fascial,  membranous  or  other  tubular  sutiues.     These  de- 
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vices  will  be  considered  under  the  heading  of  "Tubular  Sutures"  or  "Tubuliza- 
tion"  and  to  avoid  reiteration  are  not  considered  here. 

Various  methods  have  been  suggested  to  bridge  the  gaps  between  the  severed 
ends  of  a  peripheral  nerve  in  case  there  is  found  too  much  loss  of  nerve  tissue 
to  bring  the  ends  together  and  perform  direct  suture.  These  methods  I  shall 
consider  under  the  following  heads : 

A.  Nerve  flap,  or  neuroplastic ;  nerve  anastomosis,  or  grafting;  multiple 
grafting;  cross  suturing  of  nerves. 

B.  Suture  a  distance,  with  catgut. 

C.  Tubular  suture  and  tubulization. 

D.  Nerve  transplantation. 

A.  Nerve  Flaps. — Letievant  suggested  making  a  flap  from  the  central  or 
pf^ripheral  stump  of  a  divided  nerve  or  from  both  the  central  and  peripheral 
stumps,  turning  the  flaps  over  and  suturing  them  (Fig.  1*).  From  purely  the- 
oretic considerations,  this  operation  is  to  be  condemned.  The  central  flap  de- 
generates, as  do  all  nerve  portions  separated  from  central  connections.     When 
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Fig.   1. 

regeneration  takes  place,  the  central  end  of  the  central  flap  is  not  in  align- 
ment with  the  central  stump  and  thus  offers  unfavorable  opportunity  for  the 
down-growth  of  the  central  neuraxes.  Should,  in  spite  of  this,  neuraxes  reach 
the  peripheral  flap,  this  again  is  not  in  alignment  with  the  peripheral  stump.  A 
series  of  experimental  tests  of  this  procedure  conducted  by  me,  substantiate 
these  theoretic  deductions. 

This  operation  is  now  and  then  performed  for  the  repair  of  loss  of  nerve 
substance  in  man,  with  variable  results  so  far  as  reports  are  concerned.  Gratz 
has  recently  reported  nine  cases  in  which  this  form  of  nerve  plastic  was  made. 
The  nerve  flaps  after  suture  were  surrounded  by  layers  of  adipose  tissue  taken 
from  the  region  of  the  wound.  Six  cases  of  neurolysis  are  included  in  the 
summary.  Eleven  cases  are  reported  as  giving  favorable  results.  However, 
the  operation,  is  condemned  as  a  result  of  experimental  observations. 

In  the  operation  of  nerve  anastomosis  or  nerve  grafting  it  is  suggested  that 
the  central  end  of  the  peripheral  stump  of  a  divided  nerve  be  sutured  against  the 
side  or  into  a  normal  accompanying  nerve  (Fig.  2).  This  operation  is,  of  course, 
only  applicable  where  two  or  more  large  nerve  trunks  are  in  close  proximity  and 

*The  figures  here  presented,  give  by  means  of  diagram,  the  operations  detailed.  In  each  instance 
the   central   stump   of  the   supposed   severed   nerve   is   directed   toward   the   top   of   the   page. 
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have  a  nearly  parallel  course.  This  operation  has  had  some  favorable  considera- 
tion in  civil  practice,  especially  among  the  orthopedists,  in  cases  of  paralysis  due 
to  central  injury  of  a  nerve  supplying  a  group  of  muscles,  largely  leg  and  foot, 
or  again  in  facial  paralysis.  The  rather  extensive  literature  bearing  on  this  phase 
of  the  question  is  not  here  considered.  On  purely  theoretic  grounds  it  may  be 
stated  that  unless  the  normal  nerve  is  injured  at  the  seat  of  anastomosis  either  by 
denuding  epi-  and  peri-neurium  or  primarily  or  secondarily  as  the  result  of  suture 
passed  through  the  normal  nerve,  there  is  no  possibility  of  a  down-growth  of 
neuraxes  from  the  normal  nerve  into  the  anastomosed  or  grafted,  degenerated 
stump.  This  my  own  experimental  observations  substantiate.  Manasse  has 
relatively  recently  reported  some  experiments  in  which  the  peripheral  end  of 
the  facial  nerve  was  anastomosed  on  the  spinal  accessory.  On  histologic  examina- 
tion, made  on  tissues  removed  nearly  a  year  after  operation,  some  medullated 
nerve  libers  were  found  in  the  peripheral  facial.  Clinically  and  with  physiologic 
tests,  evidence  of  regeneration  of  the  peripheral  facial  was  observed.  One  can 
only  postulate  that  in  these  experiments  the  spinal  accessory  was  injured  at 
the  place  of  anastomosis,  very  likely  by  means  of  the  sutures. 

In  case  such  a  procedure  is  deemed  necessary,  the  modification  suggested  by 
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Sick-Sanger  is  to  be  recommended  as  presenting  at  least  evident  reasons  for  a 
possible  success.  Sick-Sanger  suggests,  and  this  was  executed  in  a  clinical  case, 
that  by  means  of  a  sharp  knife  a  flap  be  made  from  the  normal  nerve,  leaving  the 
flap  attached  centralward  and  suturing  its  free  peripheral  end  to  the  central  end 
of  the  peripheral  degenerated  nerve  stump  (Fig.  3).  There  is  every  reason  to 
suppose  that  the  outgrowing  neuraxes  of  the  centrally  attached  flap  will  bring 
forth  neurotization  of  the  degenerated  peripheral  nerve.  It  is,  of  course,  to  be 
understood  that  the  normal  nerve  is  injured  to  the  extent  of  the  section  necessary 
to  form  the  flap,  and  that  paralysis  in  the  field  of  the  cut  fibers  will  ensue,  prob- 
ably not  wholly  relieved  by  down  growth  of  central  fibers.  Leticvant  has  further 
suggested  that  in  case  two  approximately  parallel  nerves  are  cut  at  difTcrcnt 
levels,  with  loss  of  nerve  substance  to  the  extent  that  the  respective  nerve  ends 
can  not  be  sutured  directly,  for  instance,  median  and  ulnar  or  median  and  radial, 
the  longer  central  stump  of  one  nerve  be  sutured  in  the  longer  peripheral  stump 
of  the  other  nerve — cross-suture  (Fig.  4).  This  jirocedure  has  been  tried  ex- 
perimentally with  favorable  result  so  far  as  concerns  one  nerve;  the  other  nerve, 
of  course,  degenerates.     Tillmann  has  modified  this  operation  by  anastomosing 
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the  shorter  ends  to  the  longer  ends  after  cross-suture,  a  modification  which  on 
theoretic  grounds  presents  Httle  of  value  (Fig.  5). 

Hofmeister  has  recently  described  a  method  which  he  terms  "doppelte  und 
mehrfache  Nervenpfropfung,"  used  in  bridging  defects  where  one  or  several 
nerves  of  an  extremity  or  of  the  brachial  plexus  are  severed  with  extensive  loss 
of  substance  (Fig.  6).  He  speaks  enthusiastically  of  the  method,  cites  24  cases, 
in  only  one  of  which  the  results  seem  at  all  favorable,  the  rest  not  having  been 
observed  long  enough  to  admit  of  determination  of  ultimate  results.  The  opera- 
tion consists  in  making  a  fine  slit  in  the  normal  accompanying  nerve  at  the  level 
of  the  central  and  peripheral  stumps  of  the  severed  nerve.  The  central  and  peri- 
pheral ends  of  the  central  and  peripheral  stumps  are  then  inserted  into  the  slit 
previously  prepared  and  carefully  sutured  in  place,  care  being  taken  to  suture 
only  through  connective  tissue  sheaths.  If  several  nerves  are  cut  at  the  time  of 
injury,  the  one  nearest  a  normal  nerve  is  double  grafted  as  above  indicated,  the 
central  and  peripheral  stumps  of  other  cut  nerves  may  then  in  like  manner  be 
grafted  into  the  central  and  peripheral  stumps  of  the  previously  grafted  nerve. 
Numerous  diagrammatic  figures  are  given  elucidating  the  several  operative  pro- 
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tocoled.  Hofmeister's  contention  is  not  that  the  normal  nerve  into  which  the 
severed  ends  of  an  accompanying  nerve  are  grafted  in  any  way  assists  directly 
in  the  neurotization  of  the  peripheral  stump.  He  suggests,  however,  that  the 
normal  nerve,  practically  uninjured  through  this  operation,  appears  a  very  fa- 
vored medium  for  the  down  growth  of  central  neuraxes  and  thus  favors  their  ap- 
proach to  the  peripheral  stump.  He  further  states  that  flooding  of  the  nerves 
with  a  solution  of  novocaine,  10  cm.  of  a  0.5  per  cent  solution,  to  which  1  drop  of 
suprarenin  is  added,  has  favorable  influence.  It  is  said  to  cause  temporary 
swelling  and  consequent  loosening  of  the  constituent  tissues  of  the  nerve.  The 
normal  nerve  trunk  is  only  temporarily  afifected  by  this.  Bochard  gives  a  case 
from  civil  practice  in  which  double  nerve  grafting  was  performed. 

It  is  difficult  to  value  this  operation  in  the  light  of  laboratory  experience.  A 
priori,  this  operation  does  not  appear  to  deserve  the  commendation  given  it  by  its 
originator.  It  is  possible  that  later  reports  not  accessible  to  me,  giving  later  de- 
tails of  the  operations  recorded  in  the  publication  cited  may  give  data  concern- 
ing its  value.  If  this  procedure  is  deemed  worthy  of  experimental  test,  I  should 
be  glad  to  undertake  or  direct  such  experiments.  It  should  be  understood,  how- 
ever, that  such  experiments  to  be  of  any  value  would  need,  for  each  operation, 
to  be  carried  on  for  at  least  five  to  six  months. 
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From  what  has  been  stated,  it  may  be  observed  that  the  procedures  listed 
under  this  heading — nerve  flaps,  nerve  anastomosis,  nerve  grafting,  nerve  cross- 
ing— are,  from  the  viewpoint  of  the  laboratory  experimenter,  not  to  be  com- 
mended ;  double  or  multiple  nerve  grafting  as  recommended  by  Hofmeister  may 
deserve  a  laboratory  test. 

B.  Suture  a  Distance  (Assaky). — In  this  procedure,  which  was,  I  believe, 
first  recommended  by  Assaky,  the  gap  between  the  ends  of  a  severed  nerve  are 
bridged  by  catgut.  Recognition  is  here  given  to  the  fact  that  regeneration  of  the 
peripheral  end  of  a  severed  nerve  depends  on  the  outcome  of  a  struggle  between 
the  down-growing  rieuraxes  of  the  central  stump  and  the  developing  connective 
tissue  forming  between  the  severed  ends.  With  loss  of  nerve  substance  and  an 
appreciable  distance  between  the  severed  ends,  the  down-growing  neuraxes  meet 
with  too  much  resistance  and  are  diverted  from  their  course  before  they  reach 
the  peripheral  end.  In  experimental  work  I  endeavored  to  obviate  this  by  plac- 
ing between  the  severed  ends  strands  of  catgut  in  the  hope  that  the  connective 
tissue  replacing  the  catgut  threads  on  absorption,  would  constitute  paths  of  least 
resistance  along  which  the  newly  growing  neuraxes  might  descend  and  thus 
reach  the  peripheral  stump.  Bundles  of  coarse  catgut  were  tightly  entwined  with 
fine  catgut  threads,  the  ends  of  which  were  kept  long  enough  to  serve  as  suture 
threads.  After  thorough  sterilization,  these  bundles  of  catgut  were  sutured  be- 
tween the  stump  of  a  severed  and  resected  nerve ;  seven  experiments  were  per- 
formed, using  the  ulnar  of  dogs.  The  dogs  in  three  of  these  experiments  were 
kept  long  enough  to  admit  of  peripheral  regeneration ;  in  two  of  these  success 
was  attained.  This  operation  has  not  been  extensively  used  in  surgical  practice. 
The  results  of  the  surgical  cases  reported  may  be  summarized  as  unfavorable. 
The  operation  does  not  deserve  complete  condemnation.  ^  It  is,  however,  more  of 
academic  than  practical  interest. 

Muscle  and  tendon  strips,  woolen  fibers,  etc.,  have  also  been  used  for 
"suture  a  distance,"  with  unfavorable  results,  and  need  not  be  further  discussed 
here. 

C.  Tubular  Suture  and  Tubulication. — Tubular  sutures,  primaril}'  used  to 
preserve  a  pathway  along  which  down-budding  neuraxes  may  grow,  have  been 
widely,  though  not  extensively,  used  in  peripheral  nerve  surgery.  In  later  times, 
especially  in  the  recent  wars  and  particularly  the  present  war,  tubuli/.ation,  as 
often  known,  has  been  extensively  practiced,  not  only  to  bridge  gaps  after  loss  of 
nerve  substance,  but  also  to  protect  the  seat  of  suture  and  to  ensure  against  in- 
terference from  secondary  cicatricial  contraction,  especially  in  what  is  known  as 
"neurolysis,"  the  freeing  of  a  nerve,  not  severed  in  continuity,  from  the  effects 
of  cicatricial  contractions  at  the  seat  of  injury,  frequently  referred  to  in  litera- 
ture of  recent  wars  and  especially  the  present  war.  Numerous  substances  lin\o 
been  used  for  the  purpose  of  tubular  suture  and  tubulization,  the  aim  being  to 
obtain  a  tube  which  can  be  sterilized,  is  not  irritant,  not  absorbed  too  readily  and 
not  subject  to  secondary  contraction. 

The  following  substances  may  be  enumerated  as  having  l)eon  used  for  tiiis 
purpose:  1,  decalcilied  bone  tube  (Vanlair)  ;  2,  iodoform  gauze  and  epidermis 
of  man  (W(»lfer);  3,  magnesium  lul)es  (Payr)  ;  4,  hardened  gelatin  lulies 
( IvOtheisen)  ;  5,  hardened  arteries  of  calf  (Foramitti);  (>,  fascia  lata,  with  or 
without  fat  layer;  7,  (jalabith  (Auerbach)  ;  S,  Cargile  membranes  (Sherren). 
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Consideration  of  these  various  devices  with  their  several  applications  shall 
now  be  undertaken. 

Tubular  sutures  by  means  of  bone  tubes  as  recommended  by  Vanlair,  have 
received  considerable  attention  both  in  experimental  and  clinical  work.  I  have 
used  it  in  eight  experiments,  ulnar  of  dog,  in  four  of  which  the  observation  ex- 
tended over  a  period  of  sufficient  length  to  admit  of  regeneration  of  the  periph- 
eral end.  The  operation  consisted  of  inserting  the  peripheral  ends  of  a  divided 
and  resected  nerve  into  the  ends  of  a  decalcified  bone  tube  of  suitable  size,  and 
suturing  the  nerve  ends  in  place  (Fig.  8).  In  only  one  of  my  experiments  was 
partial  success  attained.  In  the  other  experiments  the  bone  tubes  were  absorbed 
too  rapidly  to  perform  their  anticipated  function.  Steinthal  condemns  tubular 
sutures  as  a  surgical  procedure  as  also  Aufifenberg,  Pomeranow  and  others.  The 
clinical  reports  and  experiments  dealing  with  tubular  suture  by  means  of  epi- 
dermis, magnesium  tubes,  gelatin  tubes,  and  nonvulcanized  rubber  drainage 
tubes,  are  more  of  academic  than  practical  interest  and  their  consideration  need 
not  occupy  space  here. 

The  use  of  hardened  arteries  of  the  calf,  for  purpose  of  tubular  suture  and 
tubulization  has  received  not  a  little  attention.    This  procedure  was  recommended 
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Fig.   8. 


by  Foramitti.  He  advocates  using  the  carotid  arteries  of  calves,  removed  at  the 
time  of  killing,  and  stretching  the  same  over  glass  tubes  of  suitable  size.  They 
are  then  fixed  for  48  hours  in  5  per  cent  formalin ;  washed  24  hours  in  water ; 
boiled  20  minutes  in  water  and  stored  as  is  usual  with  catgut  sutures.  Arteries 
of  the  calf,  treated  in  this  manner,  tried  experimentally  for  tubular  suture  of 
nerves,  proved  to  be  nonirritating,  slow  of  absorption,  and  do  not  undergo 
secondary  contraction.  This  method  has  been  rather  extensively  used  in  more 
recent  surgical  practice.  Hashimoto  and  Tokuoka  report  its  use  in  the  Russo- 
Japanese  War  with  favorable  results.  This  method  was  further  used  in  the  First 
and  Second  Balkan  Wars.  However,  the  reports  given  are  scattered  and  are  not 
favorable  for  critical  interpretation.  Hirschel  and  also  Grosse  report  on  its  use 
in  the  present  war.  However,  these  later  reports  were  made  before  definite  de- 
ductions could  be  drawn  relative  to  its  value.  This  method  has  had  rather  wide 
use  in  connection  with  neurolysis.  Before  closing  the  wound  the  freed  nerve  in 
the  region  of  the  cicatrix  is  surrounded  by  a  hardened  artery  of  a  calf,  slit 
longitudinally  and  sutured  in  place, — this  with  a  view  of  preventing  pressure  on 
the  nerve  as  a  result  of  secondary  contraction  of  the    cicatricial    tissue.      This 
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method  by  reason  of  observations  made  in  experimental  and  clinical  work  seems 
to  me  worthy  of  consideration.  As  is  pointed  out,  the  hardened  vessels  can  be 
prepared  at  leisure  and  can  be  stored  and  kept  ready  for  use  in  sterile  conditions. 
Fascial  sheaths,  more  particularly  for  purpose  of  tubulization  have  in  recent 
years  received  considerable  attention  both  in  experimental  and  clinical  work. 
Kirk  and  Dean  Lewis,  two  American  observers,  have  recently  published  exten- 
sive experiments  on  the  use  of  fascia  lata  for  the  purpose  of  tubular  suture  and 
tubulization,  with  favorable  results.  Pieces  of  fascia  lata  of  suitable  size  are 
placed  about  the  ends  of  the  resected  nerve  and  sutured  in  place  in  such  man- 
ner as  to  form  a  tube  (Fig.  9).  This  fascial  tube  if  properly  applied  does  not 
contract  nor  collapse.  Its  lumen  early  fills  with  coagulated  lymph  into  which 
the  proliferating  sheath  cells  grow,  forming  syncytial  strands.  The  results  of 
carefully  conducted  experiments  show  that  this  method  deserves  consideration, 
both  for  tubular  sutures  and  tubulization  after  neurolysis.  However,  it  must 
be  added  that  this  method  is  not  original  with  the  American  experimenters.  Denk 
reports  concerning  its  use  in  the  Balkan  Wars ;  Dofifner  and  Kredel,  also,  its 
incidental  use  by  others,  in  the  present  war.  Details  of  procedure  vary  a  little 
with  different  operators. 
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Fig.  9. 


Auerbach  has  recommended  the  use  of  Galabith  for  purposes  of  tubuliza- 
tion in  injury  to  peripheral  nerves.  Galabith  is  a  commercially  patented  prepara- 
tion, apparently  a  substance  made  from  casein  treated  with  formalin.  Tubes 
made  from  Galabith  are  readily  sterilized  by  boiling  for  5  minutes  in  water 
(without  alkali)  which  procedure  at  the  same  time  softens  them  so  that  they 
may  readily  be  cut  crosswise  or  lengthwise.  They  are  said  to  be  nonirritant 
and  are  very  slowly  absorbed.  The  brief  report  given  contains  favorable  results. 
This  preparation,  only  recently  recommended,  has  not  been  subjected  tn  critical 
experimental  tests. 

Sherren  some  time  ago  recommended  the  use  of  Cargile,  fixed  peritoneal 
membrane  of  the  ox,  for  purpose  of  tubular  suture.  I  have  not  seen  further 
mention  of  its  use. 

As  is  obvious  from  this  report,  tubular  suture  and  tubulization  of  injured 
nerves  are  methods  often  combined  with  f)lhcr  procedures,  such  as  direct  nerve 
suture,  neurolysis,  plastic  operations,  and  nerve  transplantations.  Of  the  methods 
and  materials  recommended  for  use,  judging  as  an  experimenter,  hardened  artery 
of  the  calf  and  tubes  made  from  fascias  are  to  be  esi)ecially  rcconunended   for 
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clinical  use.  Fresh  arteries  and  veins,  used  as  auto-  homo-  and  hetero-trans- 
plants,  for  purpose  of  tubular  sutures  and  tubulization,  here  and  there  recom- 
mended, offer  no  advantage  over  fixed  vessels,  and  present  certain  disadvantages, 
owing  to  the  fact  that  they  readily  collapse,  therefore,  need  no  further  mention 
here. 

Attention  may  yet  be  called  to"  the  use  of  celloidin  tubes  in  the  experimental 
work  of  Forssman,  with  results,  so  far  as  concerns  tvibular  sutures,  of  academic 
interest  only. 

D.  Nerz'e  Transplantation. — The  use  of  segments  of  nerves  to  bridge  defects 
after  nerve  injury  with  loss  of  substance  in  peripheral  nerves,  is  familiar  to  the 
experimenter  and  the  clinician,  and  has  received  extended  attention  by  both.  The 
method  was  suggested  by  Philippeaux  and  Vulpian  and  tried  experimentally, 
then  used  by  Assaky  in  clinical  cases,  and  by  Huber  in  a  long  series  of  experi- 
ments. Of  26  experiments  made  on  the  foreleg  nerves  of  dogs,  10  were  ob- 
served long  enough  to  admit  of  regeneration  of  the  peripheral  stump,  of  which 
5  presented  complete,  and  4  nearly  complete,  return  of  function.  Of  all  the 
methods  used  in  my  experimental  study  of  bridging  defects  in  peripheral  nerves, 
those  of  nerve  transplantation  gave  the  most  favorable  results.  It  has  not  been 
possible  to  review  in  extenso  the  large  surgical  literature  having  reference  to 
nerve  transplantation,  owing  to  my  lack  of  familiarity  with  this  literature.  This 
was  done  by  R.  Peterson  (1899),  Sherren  (1906),  Kilvington  (1908).  The 
results  of  clinical  cases  seen  in  reports  are  on  the  whole  favorable,  the  more 
favorable  the  longer  after  the  nerve  transplantation  the  report  was  made.  The 
reports,  having  reference  to  recent  wars  and  to  the  'present  war,  contain  few 
references  to  cases  of  nerve  transplantation,  so  far  as  the  literature  is  accessible 
to  me. 

Recent  experimenters  have  drawn  attention  to  the  necessity  of  distinguish- 
ing in  results  obtained  in  nerve  transplantation  between  such  as  constitute  auro- 
and  homo-transplants  and  heterotransplants.  Sherren  reports  50  per  cent  suc- 
cessful out  of  8  cases  of  auto-  and  homo-transplants  and  37  per  cent  successful 
out  of  22  cases  of  heterotransplants.  Kilvington  speaks  o'f  more  favorable  re- 
sults in  homotransplants.  Forssman  and  again  Merzbacher  were  the  first  to 
suggest  the  important  dififerences  between  homo-  and  hetero-transplants.  Verga, 
as  also  Maccabruni,  believes  the  results  to  be  the  same  whether  homo-  or  hetero- 
transplants, are  used.  Ingerbigsten,  who  reports  recently  on  experiments  with 
reference  to  this  question,  speaks  in  favor  of  using  homotransplants.  The 
question  of  using  auto-  or  homo-transplants  of  nerve  segments  in  preference  to 
heterotransplants,  in  clinical  cases,  on  the  basis  of  experimental  and  clinical 
observations  can  be  decided  in  favor  of  auto-  or  homo-transplants  in  case  suit- 
able fresh  nerves  from  man  are  available  at  the  time  of  the  projected  operation, 
and  it  should  be  borne  in  mind,  that  especially  in  secondary  operations  for  loss 
of  nerve  substance,  both  the  time  of  the  operation  and  the  method  used  are  often 
a  matter  of  choice.  It  should  be  stated,  however,  that  heterotransplants,  trans- 
plantation of  nerve  segments  taken  from  an  animal  of  another  species  than  the 
one  to  which  the  transplant  is  made,  is  an  operation  not  to  be  wholly  condemned, 
since  clinical  observations  and  experimental  work  both  justify  this  operation. 
In  conclusion  it  may  be  stated  that  both  clinical  and  experimental  observations 
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warrant  the  deduction  that  the  operation  of  choice  in  cases  of  repair  of  an  in- 
jured peripheral  nerve,  where  direct  suture  can  not  be  obtained,  is  the  operation 
of  nerve  transplantation,  especially  if  auto-  or  homo-transplants  are  available. 
This  may  be  combined  with  tubulization  by  means  of  fascial  sheaths  or  hardened 
arteries.  Of  the  methods  of  tubular  suture  and  tubulization,  hardened  arteries 
and  tubes  of  fascia  are  to  be  given  preference.  Experimental  observations  with 
other  methods  do  not  warrant  their  recommendation.  Concerning  the  use  of 
Galabith  I  know  of  no  experimental  observations.  The  same  may  be  stated  con- 
cerning the  method  of  double  or  multiple  grafting  suggested  by  Hofmeister. 

The  literature  cited,  only  the  more  pertinent  of  that  reviewed,  contains  cita- 
tions, especially  with  reference  to  nerve  suture  as  observed  in  the  present  war, 
many  of  which  deserve  study  by  clinicians,  more  particularly  neurologists,  with 
reference  to  diagnosis  and  after-treatment,  for  which  my  own  work  has  not  given 
the  necessary  training,  to  present  a  critical  review. 
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WAR  DEAFNESS  AND  ITS  PREVENTION-A  CRITICAL  REVIEW^ 


By  Stacy  R.  Guild,  Ann  Arbor,  Mich-. 


WAR  deafness  is  of  importance  from  at  least  four  standpoints:  (1)  trained 
men  are  incapacitated  for  service  for  shorter  or  longer  periods  and  must 
frequently  be  discharged;  (2)  the  handling  of  them  takes  the  time  of  doctors, 
nurses,  and  equipment  which  would  otherwise  be  available  for  other  work; 
(3)  the  victims  are  handicapped  in  later  social  and  industrial  life;  and  (4)  they 
become  eligible  for  pensions  of  larger  size.  These  are  all  economic  reasons,  and 
do  not  take  into  account  at  all  the  policy  of  the  State  to  do  all  in  its  power  to 
protect  its  soldiers  from  unnecessary  hardships.  The  consideration  of  war  deaf- 
ness and  its  prevention  is  therefore  of  interest  to  the  nation  and  to  the  world 
at  this  time. 

In  previous  wars  the  cases  of  deafness  have  for  the  most  part  been  con- 
fined to  the  artillery  and  the  navy,  where  the  proximity  of  large  caliber  guns 
when  fired  gives  rise  to  great  air  disturbances.  Until  the  present  conflict,  the 
ammunition,  other  than  small-arm  projectiles,  most  used  against  troops  has 
been  shrapnel,  and  this  normally  explodes  at  a  distance  too  great  to  inflict  dam- 
age to  the  ear  by  air  pressure  changes.  Also  the  bursting  charge  of  shrapnel  is 
small.  But  in  the  present  war  the  increased  use  of  high  explosive  shells  and 
hand  grenades,  which  explode  on  or  in  the  ground,  has  put  infantry  in  a  posi- 
tion where  the  excessive  noises  and  air  pressure  changes  are  greater  than  with 
the  men  serving  large  guns,  except  when  they  are  also  under  hostile  fire,  or 
when  they  are  too  near  the  muzzle  of  a  gun.  According  to  Friedlander,  in  the 
Franco-Prussian  War  there  were  only  12  cases  of  indirect  injury  to  the  hearing 
in  the  Prussian  army;  in  the  Russo-Japanese  War  only  101  cases  were  reported 
on  the  Japanese  side.  Friedlander's  figures  must  be  for  the  Jai)anese  army  only, 
since  Suzukif  reported  116  cases  in  the  navy  alone.  In  the  present  war  no 
statistics  are  yet  available,  but  a  review  of  the  literature  in  wliich  cases  are 
reported  by  English,  French,  Italian  and  German  physicians,  indicates  that  the 
cases  are  to  be  finally  counted  in  tens  and  even  hundreds  of  thousands,  since 
many  of  these  men  have  seen  hundreds  and  even  thousands  during  the  first  year 
of  the  war  or  during  some  shorter  period  which  their  report  covers.  These  re- 
ports deal  fully  with  differential  diagnosis  of  the  various  types  of  disturbance, 
the  treatment  of  each,  and  the  prognosis;  hut  in  most  cases  nothing  at  all  is 
said  about  preventive  measures,  and  when  it  is  mentioned  it  is  usually  (Mily  a 
paragrai)h  or  less  of  a  very  general  nature.  It  would  add  to  the  value  ot  those 
clinical  reports  if  they  included  a  statement  as  to  the  use  or  nonuse  of  propliy- 
lactic  measures  in  injured  cases  and  as  to  the  measure  used.  It  is  the  inu-poso 
of  this  paper  to  deal  primarily  with  prevention,  so  these  clinical  papers  will 
not  be  referred  to  in  detail.  It  >unices  to  say  that  they  are  numerous  already  and 
new  ones  appear  every  month.     This,  together  with  the  fact  that  so  many  devices 
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have  been  suggested  and  are  at  present  in  use,  and  the  further  fact  that  most 
men  seem  to  use  nothing,  simply  means  that  no  satisfactory  preventive  measure 
is  recognized  and  made  available.  x\n  editorial  writer  in  the  British  Medical 
Journal  of  March  24,  L917,  states  that  "at  a  recent  meeting  in  Germany,  at 
which  concussion  wounds  of  the  tympanum  were  discussed,  it  was  authoritatively 
stated  that  no  satisfactory  device  had  yet  been  found  to  prevent  this  and  allied 
injuries."  The  authority  for  the  statement  is  not  given;  if  correct,  the  Germans 
are  also  still  searching  for  a  prophylactic  measure. 

Indirect  injuries  to  the  ear  in  war  are  divided  into  two  groups:  (1)  those 
that  are  due  to  the  continual  noise  and  are  gradual  in  development;  and  (2) 
those  that  are  caused  by  a  single  detonation.  "Noise  deafness"  or  "gun  deaf- 
ness" of  gradual  development  is  undoubtedly  the  same  condition  as  "professional 
deafness"  of  boiler-makers  and  others  working  in  noisy  trades,  and  the  pre- 
\enting  of  these  cumulative  injuries  by  the  use  of  any  device  that  permits  con- 
versational sounds  to  pass  seems  improbable,  though  probably  the  degenerative 
changes  of  the  cochlear  parts  would  be  rendered  more  gradual.  Complete  cut- 
ting out  of  the  sound  waves  is  out  of  the  question  with  troops,  for  it  is  necessary 
to  have  the  hearing  of  orders  as  little  interfered  with  as  possible.  But  the  sudden 
injuries  due  to  high  air  pressure,  rather  than  to  sound  waves,  are  theoretically 
preventable;  and  it  is  this  group  of  injuries  and  means  for  preventing  their 
occurrence  that  will  be  es[)ecially  considered. 

Detonation  effects  on  the  ear  may  be  divided  into  three  groups:  (1)  rup- 
ture of  the  tympanic  membrane,  (2)  organic  disturbances  of  the  labyrinth,  and 
(3)  functional  disorders,  probably  of  the  central  nervous  system.  The  numerous 
clinical  reports  agree  that  each  of  these  may  occur  alone  or  in  combination  with 
one  or  both  of  the  others. 

The  rupture  of  the  tympanic  membrane  is  due  directly  to  the  difference  in 
air  pressure  on  the  two  surfaces  of  the  membrane;  since  the  eustachian  tube 
is  not  normally  open  except  during  the  swallowing  act,  the  air  in  the  middle  ear 
remains  at  normal  pressure  while  that  in  the  external  meatus  may  be  increased 
to  twice  normal  or  more  by  an  explosion.  Wilson  makes  the  statement,  on  what 
authority  he  does  not  say,  that  the  air  pressure  in  the  vicinity  of  exploding 
.shells  is  frequently  raised  10,000  kilos  per  square  meter.  This,  when  reduced 
to  units  we  are  accustomed  to  use  in  considering  gas  pressures,  is  equal  to  73.5 
cm.  of  mercury;  and  is,  in  round  figures,  equivalent  to  doubling  the  pressure  on 
one  surface  of  the  membrane.  That  this  much  pressure  is  sufficient  to  cause  the 
rupture  of  even  normal  membranes  is  evident  from  the  experiments  of  Zalewski, 
who  has  shown  that  there  is  a  considerable  range  of  variation  in  apparently  nor- 
mal membranes.  He  secured  232  temporal  bones  at  autopsy;  of  these,  112 
showed  apparently  normal  membranes.  \\'ith  air  pressure  gradually  raised  he 
found  the  average  bursting  pressure  to  be  120.9  cm.  of  mercury,  but  some  (10.8 
per  cent)  burst  at  less  than  one  atmosphere  (76  cm.  Hg.).  Twelve  membranes 
with  thin  spots  ruptured  at  an  average  pressure  of  42.83  cm.  Hg.,  and  twelve 
membranes  with  scars,  at  22.08  cm.  Hg.  In  20  cases  of  acute  infection  of  the 
middle  ear  the  average  pressure  required  to  burst  the  tympanic  membrane  was 
78.55  cm.  Hg.  Even  if  no  allowance  is  made  for  the  possible  difference  in 
bursting  pressure  required  when  suddenly  applied  by  detonation  as  compared  to 


WAR    DEAFNESS    AND    ITS    PREVENTION  851 

the  gradual  increase  of  pressure  used  in  the  experiments,  it  is  seen  that  in  an 
average  group  of  men  there  are  many  with  membranes  that  will  burst  at  pres- 
sures produced  in  the  neighborhood  of  a  bursting  shell.  It  is  certainly  not 
feasible  to  eliminate  from  the  army  all  those  with  tympanic  membrane  defects, 
and  even  if  this  were  done,  it  would  not  stop  all  of  the  rupturing  of  tympanic 
membranes.  The  perforations  are  almost  invariably  in  the  pars  tensa  and  usually 
in  the  lower  part.  With  modern  technic  the  treatment  required  to  secure  a  healed 
membrane  with  perfect  restoration  of  function  is  readily  given,  and  the  prognosis 
is  good  if  infection  of  the  middle  ear  can  be  avoided.  Unfortunately  in  the  dirt 
and  filth  of  combat  life,  this  infection  frequently  occurs,  with  the  resultant  in- 
juries; and  in  all  cases,  infected  or  not,  the  individual  is  of  necessity  incapacitated 
for  duty  for  a  considerable  period  of  time,  and  requires  services  of  the  medical 
corps,  usually  already  overworked. 

The  organic  injuries  of  the  labyrinth  by  detonations  are  fairly  well  known 
since  the  work  of  Wittmaack  (1907)  and  those  who  have  modified  his  methods. 
While  in  these  experiments  with  animals  Wittmaack,  Yoshii,  and  Hoessli  all 
used  small  firearms,  the  effects  on  the  ear  are  doubtless  similar  to  those  that 
would  be  produced  by  large  guns  and  by  shells,  for  they  compensated  by  work- 
ing at  short  distances.  Recently  Prenant  and  Castex  (1916)  placed  animals 
in  cages  near  cannons  at  Fountainebleau.  That  these  animals  were  subjected  to 
conditions  of  the  type  which  cause  gradual  changes  rather  than  the  type  causing 
detonation  effects  is  evident  from  the  fact  that  in  no  case  was  the  tympanic 
membrane  ruptured  or  the  mucous  membrane  of  the  middle  ear  inflamed.  They 
found  extensive  cochlear  lesions  of  the  type  to  be  expected  from  previous  work 
in  this  line,  though  they  make  no  reference  to  other  work  and  apparently  con- 
sider the  experimental  causation  of  such  injuries  a  new  thing.  Yoshii  (1909)  has 
made  the  most  extensive  study  of  the  effects  of  detonations  on  the  inner  ear, 
using  a  revolver  fired  near  the  animals.  He  used  two  series  of  guinea  pigs.  With 
one  series  only  one  detonation  was  given,  after  which  animals  were  killed  at 
once  and  after  2,  3,  8,  25,  45,  and  60  days.  The  other  series  were  exposed  to 
detonations  daily  and  animals  were  killed  after  3,  5,  15,  20,  25,  and  30  days. 
It  is  the  once  exposed  animals  that  are  of  most  interest  here ;  and  for  presenting 
the  nature  of  the  injuries  to  the  inner  ear  caused  by  detonations  rather  extensive 
quotations  from  Yoshii's*  reports  will  be  used.  The  injuries  are  doubtless  similar 
in  man. 

"Pathologic  changes  occur  simultaneously  in  all  parts  of  the  organ  of  Corti. 
The  outer  and  inner  hair  cells  are  greatly  swollen,  they  have  lost  their  character- 
istic form  and  structure  and  are  in  part  loosened  from  their  support.  The  nuclei 
are  pushed  upwards  and  frequently  are  broken  into  small  fragments.  Also  the 
Deiters'  cells  lose  their  structure  and  become  changed  into  a  homogeneous  mass. 
Their  supporting  fibrils  perish.  The  pillars  remain  but  become  bent  and  appear 
only  indistinctly.  The  narrowed  tunnel  space  is  filled  with  a  homogeneous  mass, 
which  stains  faintly  with  eosin,  hence  appears  like  cxtravasatod  cell  contents. 
Nuel's  space  and  the  outer  tunnel  space  arc  no  longer  present  ;  llie  cells  of  Hen- 
sen  arc  deformed,  fattened  out.  Krequenlly  a  great  si)ace  is  found  between  the 
loosened  hair  cells  and  the  curve  of  the  cells  of  Hcnsen. 

•Translation,    page    228  ff. 
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"These  changes  are  all  found  immediately  after  the  first  shot  and  reach 
their  height  after  two  to  three  days.  Then  a  regeneration  process  sets  in  slowly. 
Thus  we  find  the  organ  of  Corti  already  somewhat  improved  in  the  animals  killed 
8  days  after  the  shooting.  First  the  bent  pillars  straighten  out  and  are  recog- 
nized clearly.  The  hyaline  mass  in  the  tunnel  is  resorbed,  and  the  space  itself 
restored.  The  hair  cells,  Deiters'  cells  and  their  supporting  fibers  are  not  clearly 
diflferentiated  yet  in  this  stage  of  repair.  The  healing  process  does  not  proceed 
in  all  turns  evenly,  while  the  basal  turn  already  shows  a  bettered  condition,  in 
the  other  turns  are  found  yet  evident  disturbances. 

"In  after  days  the  regeneration  process  proceeds  further,  the  cells  of  the 
sulcus  spiralis  externus  and  internus  and  the  cells  of  Hensen  take  their  previous 
form.  The  restoration  of  the  hair  cells  and  the  Deiters'  cells  seems  to  be  accom- 
plished only  ver}'  slowly  and  incompletely ;  for  the  animals  killed  60  days  after 
the  shooting  showed  only  in  the  basal  turn  the  hair  cells  and  Deiters'  cells  in  an 
improved,  but  nevertheless  not  fully  normal  condition,  while  in  the  remaining 
turns  clearly  differentiated  hair  cells  and  Deiters'  cells  can  not  yet  be  demon- 
strated." 

Yoshii  further  states  that  with  repeated  shooting  day  after  day  the  de- 
generation proceeded  until  Corti's  organ  was  replaced  by  a  flat  epithelium,  as 
in  any  noise  deafness  and  in  animals  exposed  for  a  long  time  to  a  single  note. 
This  severe  change  was  limited  to  the  region  of  the  transition  of  the  basal  to  the 
second  turn.  The  tectorial  membrane  also  was '  changed  in  position  and  struc- 
ture. The  stria  vascularis  showed  minor  changes.  In  cases  killed  at  once  after 
the  single  shot,  blood  corpuscles  and  free  hemoglobin  were  found  in  the  peri- 
lymphatic spaces.  This  was  resorbed  in  time.  The  epithelium  of  the  maculae 
and  cristae  acusticae  showed  a  slight  swelling.  The  ganglion  cells  of  the  spiral 
ganglion  and  the  nerve  fibers  of  the  same  undergo  very  severe  alterations,  but 
in  the  single  detonation  cases  the  ganglion  cells  had  at  the  end  of  60  days  returned 
to  a  nearly  normal  condition.  In  the  repeated  shooting  cases,  as  in  noise  deaf- 
ness, they  completely  disintegrate. 

From  the  above  description  of  the  changes  that  occur  it  is  very  easy  to 
understand  the  typical  clinical  picture,  with  gradual  improvement  to  certain 
sounds  and  even  to  all  but  with  permanent  hearing  defects  in  many  cases.  From 
the  nature  of  the  lesion  produced,  it  is  evident  that  the  only  remedy  is  prevention, 
for  we  can  not  cure  it. 

As  to  the  nature  of  the  changes  in  the  "functional  deafness"  cases,  very 
little  is  known.  The  hypothesis  advanced  by  Wilson  (1|917)  is  interesting,  but 
he  claims  no  proof  for  it.     So  here  again  prevention  is  the  best  remedy. 

As  stated  before,  all  three  of  these  types  of  injuries  may  occur  together, 
or  any  two  together,  or  only  one.  The  organic  lesions  of  the  cochlea  are  the 
most  common,  and  the  general  impression  of  the  clinicians  is  that  the  labyrinth 
injury  is  less  in  those  cases  in  which  the  tympanic  membrane  ruptures  than  in 
those  in  which  it  remains  intact  and  so  transmits  the  full  force  of  the  concussion 
to  the  labyrinth. 

The  factor  causing  the  tympanic  membrane  rupture  is  certainly  the  increased 
air  pressure;  and  the  most  probable  cause  of  the  other  two  types  of  injurv  is 
the  same,  but  a   few  workers  have  maintained  that  bone  conduction  of  vibra- 
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tions  from  the  ground  or  other  support  of  the  body  to  the  internal  ear  is  necessary 
to  cause  labyrinth  injury.     For  this  reason  it  is  necessary  to  sift  this  evidence, 
for  preventive  measures  to  be  effective  must  be  suited  to  the  etiologic  factor. 
The  experiments  of  Wittmaack    (1907)    on  guinea  pigs   furnish  the   chief 
-  support  for  the  bone  conduction  theory.     This  worker  at  first  employed  a  con- 
tmuously  sounding  electric  bell  placed  in  the  cage  near  the  animals,  and  killed 
them  at  intervals  of  from  5  to  60  days.     The  results  were  negative.     He  then 
connected  the  bell  in  such  a  way  that  the  clapper  caused  the  sheet  iron  base 
of  the  cage  to  vibrate,  as  well  as  producing  air  vibrations,  and  thus  submitted 
the  animals  to  a  combined  air  and  bone  conduction.    The  cochleae  of  the  animals 
of  this  series  showed  very  marked  injuries  to  the  nervous  elements  and  to  the 
organ  of  Corti.     The  animals  were  so  affected  by  the  continuous  vibration  of 
the  cage  that  the  experiment  was  forced  to  end  after  16  days.     Accordingly  ex- 
periments were  made  in  which  the  sound  was  maintained  from  10  to  14  hours 
daily,  and  in  these  series  the  general  health  of  the  animals  remained  good  and 
they  even  gained  in  weight.     Characteristic  degenerative  changes  were  found  in 
the  spiral  ganglion  cells,  the  nerve  fibers  and  the  organ  of  Corti.     AX'ittmaack 
concludes  from  these  experiments  that  bone  conduction  is  essential  to  the  injury 
of  the  labyrinth  by  sound  waves.     In  1909  von  Eicken  reported  experiments  on 
guinea  pigs  with  the  incus  removed  on  one  side  by  operation,  so  that  one  side 
retained   normal   conduction   and   the   other  mainly   bone   conduction.      Part   of 
these  animals  were  submitted  to  the  action  of  a  c  organ  pipe,  others  to  a  ^r  pipe. 
The  cochleae  of  the  c  animals  were  negative  on  both  sides ;  those  of  the  g  animals 
showed  degenerative  changes  on  the  normal  side  in  a  circumscribed  area,  while 
the  operated  side  remained  normal.  In  1911  von  Eicken  presented  further  evi- 
dence of  the  same  nature.    Hoessli  (1912)  combined  the  use  of  guinea  pigs  with 
the  incus  removed  on  one  side  with  the  use  of  a  specially  constructed  apj)aratus 
designed  to   duplicate  as   nearly   as  possible  the  working  conditions   of  boiler- 
makers.     The  animals  stood  on  the  inside  of  a  section  of  large  iron  pipe  which 
was  struck  by  hammers  operated  by  machinery.     Thus  both  air  and  bone  conduc- 
tion factors  were  present.     Hoessli  found  that  injuries  to  the  cochlea  are  con- 
stant where  normal  middle  ear  parts  are  present  and  just  as  constantly  the  side 
with  the  broken  middle  ear  chain  remains  normal.     As  controls,  animals  with 
both  ears  normal  and  ones  with  the  incus  removed  on  both  sides  were  emploved. 
In  1913  Hoessli  reported  further  work  with   similar!}-   operated   animals  which 
had  been  placed  on  a  felt  pad  in  the  tube  as  a  test  of  the  prophylactic  measures 
recommended  by  the  Wittmaack  group  of  workers.     He  found  that  the  results 
were  the  same  as  when  the  animals  stood  directly  on  the  vibrating  pipe ;  ears 
with  normal  middle  ear  apparatus  received  injuries  to  the  cochlear  parts,  those 
with  the  incus  removed  were  not  injured.     He  thus  advanced  strong  arguments 
against   bone   conduction   being   essential    to   injury.      Previous   to   the    work    of 
Hoessli,   Friedrich    (1907)    reported   on    the   testing  of   the   hearing   of    1<)   naval 
officers;  he  found  an  average  injury  greater  than  Miiller   (  1.S99)   did  with   foot 
artillery  officers,  and  on  the  basis  of  W'ittmaack's  newly   reported  experiments 
he  concludes  that   the   xibration   of  the   frame  of  the  ship  is  responsible   for  llie 
greater  injury   in  the  case  of   the   naval    men.   and    rernmnu'n<l<   some   form   of 
padding  to  deaden  the  conduction  of  the  vibratioiK  of  the  ship  to  the  bodies  dl' 
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the  men.  Jaehne  (1911)  investigated  clinically  the  hearing  ability  of  61  artillery 
officers  of  several  years'  service,  and  found  injuries  to  about  70  per  cent  of 
them.  On  the  basis  of  Wittmaack's  experiments  and  of  the  positions  of  the  men 
with  various  duties  and  the  average  injury  to  each  group  he  concludes  that  bone 
conduction,  rather  than  air  conduction,  is  the  injurious  factor.  Friedlander 
(1915),  on  the  basis  of  Hoessli's  experiments  and  his  own  clinical  experience, 
concludes  that  air  conduction  is  the  injurious  route.  Bogdanofif-Berezovski* 
(1914)  criticizes  Hoessli  for  transferring  the  results  of  his  continuous  sound 
experiments  on  animals  with  the  incus  removed  to  detonations  on  the  normal 
ear,  and  argues  that  bone  conduction  may  be  very  different  than  with  less  m- 
tense  sounds,  but  he  brings  forth  no  proof  for  his  opinion.  However,  consider- 
ing the  whole  question  of  prevention  open,  he  says  he  asked  a  physician  in  the 
navy,  A.  A.  Miasoedov,  to  undertake  experiments  with  troops  on  ships,  and  he 
says  the  work  is  under  the  immediate  supervision  of  N.  P.  Simonovski  and  that 
the  greater  part  is  finished  and  there  is  left  only  to  wait  for  the  conclusions  on 
working  out  regular  preventive  means. f  Siebenmann  (1915),  in  whose  labora- 
tory at  Basel  Yoshii  and  Hoessli  worked,  in  a  review  of  the  experimental  work 
on  sound  injuries  of  the  ear,  concludes  that  the  use  of  felt  pads,  padded  shoes 
and  rubber  gloves  for  protection  on  the  basis  of  bone  conduction,  is  of  no  avail. 

Hoessli's  work  at  least  proves  that  bone  conduction  alone  is  not  injurious 
as  soon  as  the  normal  arrangement  is.  He  also  tried  plugging  the  external 
meatus  of  guinea  pigs  to  exclude  air  conduction  that  way ;  but  all  of  his  cases 
developed  an  infection  of  the  middle  ear.  which  renders  the  results  of  little  value, 
though  they  were  negative  in  all  cases  that  were  plugged.  The  plugs  were  worn 
continuously  and  fastened  in  with  glue  to  keep  the  animals  from  scratching  them 
out;  this  continual  use  was  probably  a  factor  in  the  infections.  Other  plugging 
experiments  of  Hoessli  will  be  referred  to  later.  Attention  should  be  called  to 
the  fact  that  the  experimental  work  mentioned  has  really  been  on  injurious 
sounds  which  cause  gradual,  not  sudden,  changes.  In  all  of. the  experimental 
work  in  which  detonations  have  been  used,  normal  middle  ear  parts  have  been 
present,  and  no  evidence  has  been  found  that  indicates  that  bone  conduction 
plays  an  important  part  in  producing  detonation  deafness,  though  the  general 
body  shaking  it  in  itself  unpleasant.  The  conclusion  must  be  that  the  evidence 
at  hand  clearly  indicates  that  the  search  for  a  prophylactic  measure  to  prevent 
detonation  deafness  must  be  directed  toward  the  prevention  of  injurious  air 
conduction. 

The  more  severe  systemic  reactions  known  as  "shell  shock"  are  also  due  to 
the  high  air  pressure  in  the  vicinity  of  an  exploding  shell  and  in  the  most  severe 
form  the  result  is  instantaneous  death,  with  no  external  lesion  at  all.  Examina- 
tion of  the  tissues  from  these  cases  has  shown  the  existence  of  microscopic 
hemorrhages,  especially  in  the  central  nervous  system  and  the  kidneys ;  and  in 
the  nonfatal  cases  bloody  urine  is  a  frequently  recorded  observation,  together 
with  a  high  albumin  content  of  the  cerebrospinal  fluid.  Recent  work  also  indi- 
cates a  secondary  suppression  of  the  adrenal  secretion  as  responsible  for  some 

*I  desire  to  thank  here  Prof.  C.  L.  Meader  of  this  University  for  his  kindness  in  translating  this 
Russian   article. 

tl  have  looked  in  vain  for  any  mention  of  this  work  mentioned  as  being  nearly  ready  for  pub- 
lication   in    March,    1914. 
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of  the  later  symptoms.  These  more  severe  effects  of  detonations  are  mentioned 
here  in  this  general  way  in  order  to  indicate  how  they  differ  .from  the  deaf- 
ness effects,  and  to  point  out  that  from  the  very  nature  of  the  lesions  the 
prophylactic  measures  for  the  ear  parts  can  not  be  expected  to  have-  any  bene- 
ficial action  in  preventing  these  other  injuries. 

Opening  the  mouth  during  the  dischai'ge  has  been  a  common  practice  for 
a  long  time  with  men  handling  large  guns.  It  is  based  on  the  idea  of  permittmg 
the  pressure  on  both  sides  of  the  tympanic  membrane  to  remain  equal,  but  at 
best  it  is  only  partially  successful,  because  of  the  relative  size  of  the  external 
meatus  and  the  eustachian  tube  and  the  fact  that  the  pressure  changes  are 
sudden,  not  gradual  as  in  caisson  work.  In  many  cases  the  eustachian  tube  is 
not  patent  even  during  swallowing,  owing  to  chronic  or  acute  inflammation  of 
the  nasopharynx  and  tube.  Many  men  chew  something  in  order  to  aid  in  open- 
ing the  tube  when  wanted,  but  both  in  practice  and  in  theory  this  method  is 
lacking;  and  for  troops  under  fire  it  is  entirely  useless,  since  the  time  of  a  dan- 
gerously near  shell  explosion  can  not  be  anticipated  and  prepared  for  as  the 
gunner  can  prepare  for  the  discharge  of  a  gun. 

Placing  the  finger  tips  in  the  ears  is  also  a  common  practice;  but  for  tlie 
above  reason  of  unexpectedness  of  danger  is  of  little  avail ;  also,  soldiers  in 
combat  have  other  uses  for  their  fingers.  It  has  further  the  danger  of  infec- 
tion of  the  ears  from  dirty  fingers,  but  it  is  a  practice  which  will  be  frequentl\- 
used  as  long  as  no  other  protection  is  provided.  Many  writers  have  discvissed 
both  of  the  above  mentioned  measures;  they  are  not  referred  to  separatel\- ;  all 
agree  in  the  futility  of  the  procedures. 

The  use  of  cotton  to  plug  the  meatus  is  the  most  common  procedure  of  all. 
It  has  the  advantage  of  being  cheap,  usually  available,  is  easily  placed  and  the 
degree  of  occlusion  may  be  varied  by  the  firmness  of  the  packing.  The  con- 
sensus of  opinion  among  medical  men  for  some  years  has  been  that  dry,  air- 
containing  cotton  is  of  little  use ;  when  wet  so  as  to  fill  the  air  spaces  it  is  of 
value  if  placed  firmly,  and  it  is  used  with  various  oils  as  a  means  of  filling  the 
spaces.  No  statements  have  been  found  on  observations  from  any  source  as  li> 
the  relative  effectiveness  of  the  various  ways  of  soaking  the  cotton  used;  this, 
doubtless,  has  a  large  personal  element  in  it,  depending  on  the  firmness  of  the 
packing  and  the  thoroughness  of  the  removal  of  the  air  by  careful  soaking  and 
placing  of  the  plug.  Hoessli  (1912),  in  the  course  of  other  experiments,  stopped 
the  ears  of  two  guinea  pigs  with  wet  cotton  and  fired  a  heavy  re\()lver  five  tinle^ 
in  rapid  succession  about  30  cm.  above  the  animals.  In  one  animal  no  chango 
occurred  in  the  inner  or  middle  ear  of  either  side,  in  the  other  animal  the  lett 
ear  showed  traumatic  effects  which  Hoessli  thinks  were  ])rol)abl\-  due  to  the 
animal  having  succeeded  in  ])artially  scratching  out  the  cotton,  so  that  the  oc- 
clusion was  not  perfect.  In  control  animals  without  protection  lliere  was  a 
crushing  of  the  organ  of  Corti  in  the  lower  part  of  the  second  turn  of  the 
cochlea,  with  the  outer  hair  cells  and  I)eiler^'  ceils  entiri'ly  destroyed.  Tlu' 
animals  were  killed  24  hours  after  the  exi»osure.  Iloessli  then  used  four  cats  in 
a  similar  ex])criment,  stopping  the  left  ear  i)\  each  with  wet  cotton,  and  to  pre 
vent  the  scratching  at  the  plugs  he  narcotized  the  animals,  lln-n  shot  the  re\<>l\er 
five  times  at  a  distance  of  25  cm.  from  the  heads  of  the  animals,  lie  kiiied  tiieni 
after  24  hours  and  found  the  left  cars  normal  in  ail  cases,  while  the  rigiit  ear> 
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in  three  cases  showed  positive,  though  sHght,  changes ;  the  fourth  case  had  a 
normal  right  ear.  Hoessli  considers  that  for  cotton  to  be  effective  it  must 
have  the  air  spaces  filled  and  must  be  tightly  packed,  and  he  considers  the  lack 
of  protection  afforded  in  the  army  use  of  it,  based  on  the  reports  of  Miiller, 
Friedrich,  and  Jaehne,  especially,  to  be  due  to  the  use  of  lightly  packed  air- 
containing  cotton.  Friedrich's  report  has  already  been  given.  Miiller  (1899) 
examined  the  ears  of  51  men  before  and  after  shooting  practice  with  9,  12,  and 
15  cm.  guns,  from  50  to  90  shots  being  fired.  Miiller  says  that  he  wanted  to  have 
a  comparison  of  the  effects  with  and  without  cotton,  but  could  not  because  of 
the  strict  enforcement  of  the  German  army  regulations  requiring  artillery  men 
to  use  cotton  plugs  during  the  firing  of  guns.  His  examinations  were  made 
immediately  after  the  shooting,  so,  doubtless,  many  of  the  effects  observed  were 
only  temporary;  but  he  states  that  while  all  the  men  used  cotton  and  stayed  back 
from  the  guns  a  distance  of  3  to  5  meters  during  the  discharges,  44  of  the  96 
ears  examined  showed  injuries  of  greater  or  less  degree,  though  none  severe 
enough  to  incapacitate  for  work.  He  says  that  the  post  physician,  Grassner, 
credits  the  rarity  of  tympanic  membrane  ruptures  among  the  artillerymen  in 
recent  years  (preceding  1899)  to  the  enforced  use  of  cotton;  he  had  only  one 
case  the  year  before.  Jaehne's  (1911)  report  on  the  injuries  to  the  hearing  in 
a  group  of  61  artillery  officers,  these  being  all  the  officers  of  a  regiment,  irrespec- 
tive of  whether  they  thought  they  had  been  affected  or  not,  includes  a  comparison 
of  the  use  and  nonuse  of  cotton  plugs,  and  is  alone  in  that  respect  among  clini- 
cal papers.  He  states  that  he  does  not  find  the  regulation  obeyed ;  of  the  61 
officers,  only  24  claimed  to  have  used  cotton  regularly,  32  had  used  it  irregularly, 
and  5  said  that  they  never  used  it.  Of  the  24  who  used  cotton  regularly,  20  had 
injured  hearing  and  4  were  normal.  Of  the  37  who  used  cotton  irregularly  or 
not  at  all,  22  showed  injuries  and  15  had  normal  hearing.  Jaehne  thinks  that 
cotton  does  afford  a  degree  of  protection  to  detonations,  but  does  not  influence 
the  course  of  labyrinth  injuries  of  the  gradual  type.  He  thinks  that  this  is 
probably  due  to  bone  conduction,  for  the  reasons  already  given.  As  previously 
pointed  out,  he  really  was  dealing  with  the  effects  of  repeated  sounds,  not  heavy 
detonations;  and  in  his  summary,  while  stressing  the  use  of  some  nonconducting 
material  between  the  body  and  the  source  of  sound,  he  recommends  retaining 
the  use  of  cotton  because  of  the  danger  of  being  near  the  muzzle  accidentally. 
Friedlander,  (1915),  in  a  long  clinical  report  and  discussion,  favors  the  use 
of  cotton  with  oil,  glycerin,  or  vaseline ;  but  says  it  renders  one  very  hard  of 
hearing.  Lannois  and  Chavanne  (1915),  in  a  single  sentence  in  a  clinical  article, 
say  that  they  consider  cotton  to  be  the  only  practical  measure  in  campaign,  but 
admit  that  it  is  not  perfect.  Bogdanoff-Berezovski  (1914)  in  his  conclusions 
says  that  while  awaiting  the  report  of  Miasoedov  the  use  of  both  vaselined  cotton 
in  the  ears  and  of  pads  of  nonconducting  material  on  the  shoes  is  to  be  recom- 
mended. Siebenmann  (1915)  thinks  that  the  real  protection  is  afforded  by  the 
plugging  of  the  ear  with  an  air-free  mass,  such  as  oil-saturated  cotton  or  some 
form  of  antiphon.  He  specifies  no  particular  kind  of  antiphon,  and,  as  this 
word  is  generally  used  loosely  to  refer  to  any  device  for  deadening  sound,  his 
meaning  is  not  clear  except  as  to  the  cotton.  Wicart  (1916)  recommends  stop- 
ping the  ear  with  cotton  soaked  with  glycerin  and  then  covering  the  whole  mas- 
toid region  and  the  external  ear  with  cotton.     He  states  that  all  his  cases  of 
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more  than  temporary  injury  had  previous  ear  trouble,  but  the  majority  of  clinical 
reports  do  not  support  this  view.  Based  on  this  idea  he  further  recommends 
that  until  the  military  examination  weeds  out  at  the  recruiting  office  all  with 
any  ear  trouble  history,  glycerin  be  put  in  the  external  meatus  daily  and  cotton 
only  at  the  time  of  combat,  the  glycerin  serving  to  keep  the  cerumen  soft  and 
to  minimize  the  inflammations  that  develop.  Ke  also  recommends  daily  throat 
disinfection.  There  are  many  more  references  to  the  use  of  cotton,  but  they 
bring  out  no  points  not  already  made,  so  will  not  be  mentioned  separately.  Cot- 
ton mixed  with  plasticine  as  used  in  the  British  Navy  comes  under  the  head  of 
plastic  obturators  and  will  be  considered  there. 

Solid  obturators  of  many  shapes  and  materials  have  been  made.  Some  are 
placed  in  the  external  meatus,  others  are  held  against  the  orifice  by  special  devices 
fitting  in  the  folds  of  the  pinna.  Luzzati  (1916)  raised  two  objections  to  all  solid 
obturators :  ( 1 )  the  hardness  of  the  material  irritates  the  skin  and  causes  in- 
flammations and  even  eczema,  and  (2)  they  project  and  so  may  become  the 
source  of  severe  injury  to  the  wearer  when  he  is  thrown  or  falls  against  a  wall 
or  on  the  ground,  and  the  playfulness  of  companions  who  poke  them  also  is  a 
source  of  inju^y^  To  these  objections  of  Luzzati  I  would  add  a  third;  in  combat 
bullets  passing  through  the  outer  end  of  the  meatus  or  grazing  it  and  wounding 
only  the  pinna,  causing  only  slight  wounds  in  themselves,  would  cause  much 
more  severe  wounds  if  a  solid  obturator  were  present  to  fracture  and  form  sec- 
ondary projectiles.  This  is  not  an  unexistent  danger,  for  direct  wounds  of  the 
external  ear  are  frequent  in  this  trench  warfare.  Solid  obturators  will  not  be 
taken  up  further  because  the  objections  to  them  are  too  great  in  comparison 
with  other  measures. 

Of  the  various  mechanical  devices  which  have  been  patented,  only  a  few 
are  suitable  for  military  purposes.  The  Elliott  "Ear  Drum  Protector,"  in  both 
the  original  form  patented  in  1904  and  in  the  modified  form  patented  in  1912, 
has  been  purchased  and  used  by  many  naval  and  artilleiy  officers  and  men,  both 
in  this  country  and  in  foreign  countries.  In  the  type  now  manufactured  the 
essential  principle  is  that  of  a  double  diaphragm  with  a  tube  in  the  center  pass- 
ing through  and  supporting  both  diaphragms,  with  a  narrow  air  passage  in  the 
tube  that  has  openings  between  the  spaced  diaphragms  and  at  the  inner  end, 
designed  to  permit  slow  changes  of  the  air  pressure,  but  not  large  enough  to  per- 
mit of  raising  the  air  pressure  rai)idly  enough  tO  be  dangerous  during  the  brief 
time  a  detonation  lasts.  While,  of  course,  it  interferes  with  hearing,  it  transmits 
orders  and  conversational  sounds  sufficiently  well.  Considering  the  length  of 
time  it  has  been  used,  it  is  odd  that  so  little  is  to  be  found  concerning  its  efficiency. 
The  only  report  of  it  in  u.se  that  was  found  is  that  of  Dunbar  (1913),  who.  in 
an  article  on  naval  sanitation  in  general,  devotes  a  paragraph  to  gun  deafness 
and  says  in  part :  "Several  appliances  designed  to  break  the  force  of  the  con- 
cussion on  the  tympanic  membrane  have  been  tried,  and  while  the  Elli«Mt  ear 
protector  is  not  entirely  satisfactory,  it  has  proxcd  the  best  so  tar  tried."  The 
Mallock-Armstrong  "Ear  Defender"  is  a  mechanical  device  invented  by  Mallock 
for  his  personal  use  about  1895.  The  U.  S.  Patent  Office  Gazette  records  that 
it  was  patented  in  this  country  Aug.  3,  1915  (api)licatioii  filed  Fci».  12.  1915) 
so  it  appears  that  until  this  war  it  was  not  exploited  or  used  much.  .\  descrip- 
tion was  i)ublished  in  tlic   I.aucci  of    Dec.  2(\    V)\\,  and   in   the   British   }fc<{ical 
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Journal  of  Jan.  2,  1915.  It  consists  of  an  ebonite  cylinder  made  in  four  sizes 
with  a  larger  outer  end  in  which  is  fitted  a  diaphragm  of  thin  metal  and  on  either 
side  of  this  is  heavy  metal  gauze,  these  gauzes  being  spaced  from  the  diaphragm 
a  short  distance.  The  diaphragm  movements  for  ordinary  sounds  are  small 
and  so  it  hinders  them  only  slightly,  but  large  excursions  of  the  diaphragm  due 
to  great  air  pressure  changes  are  prevented  by  the  gauze  backings.  The  theory 
is  good,  the  drawbacks  are  those  already  mentioned  as  common  to  all  hard  ob- 
turators, given  in  the  preceding  paragraph.  The  first  objection  can  be  overcome, 
I  believe,  by  using  smaller  tubes  and  covering  them  with  a  wax  layer  that  is 
moldable  at  ordinary  temperatures,  so  that  the  meatus  can  be  closed  efifectually 
without  having  the  plug  fit  so  tightly  as  to  be  irritating.  Another  objection  com- 
mon to  both  of  the  mechanical  devices  mentioned  is  the  price;  the  Elliott  pro- 
tectors retail  for  one  dollar  a  pair,  the  Mallock  instrument  for  three  shillings,  in 
London.  Friedlander's  only  reference  to  the  Elliott  device  is  that  its  cost  pro- 
hibits its  use  in  the  ranks.  Doubtless  both  types  would  sell  for  much  less  if  pro- 
duced in  quantities  sufficient  for  a  whole  army.  From  the  structure  of  the  Mal- 
lock defender  I  think  they  would  not  last  very  long  in  field  service ;  dirt  would 
clog  up  the  gauze  and  this  would  get  bent  and  come  in  contact  with  the  diaphragm 
and  would  soon  fail  to  transmit  ordinary  sounds  clearly,  and  so  would  not  be 
used  by  the  soldier.  A  continual  supply  of  new  ones  would  be  required  to  re- 
place old  ones;  this  would  be  an  important  cost  item.  From  their  structure 
the  Elliott  instruments  would  seem  less  liable  to  get  out  of  order,  and  if  the 
small  canal  did  get  stopped  with  dirt  it  would  be  cleaned  and  used  again.  Only 
one  reference  to  the  Mallock  instrument  in  use  has  been  found ;  that  is  in  the 
form  of  a  letter  to  the  British  Medical  Journal  by  Abercrombie,  who  quotes 
from  a  letter  received  from  a  relative  who  was  an  artillery  officer.  The  quota- 
tion is  a  very  enthusiastic  endorsement  after  personal  use ;  apparently  several 
officers  in  his  command  had  them.  The  Frank  "Ear  Stopple"  is  mentioned  by 
Dunbar  as  having  been  recommended  for  use  in  diving  and  swimming,  which  is 
its  intended  use,  and  also  for  reducing  concussion  due  to  gun  fire.  The  devices 
were  patented  in  1908  and  consist  of  a  soft  rubber  tube  with  an  outer  flange  and 
closed  at  the  inner  end  by  a  thin  diaphragm  of  rubber.  The  diaphragm  is  not 
heavy  enough  to  resist  the  air  pressure  changes  of  concussion  sufficiently  to  pro- 
tect the  ear,  and  as  at  present  made  it  would  seem  impossible  to  modify  them  so 
as  to  suit  the  need.  Eysell*  has  described  a  small  plug  containing  "a  cavity 
guarded  by  a  metal  valve,  which  transmits  ordinary  sounds  but  closes  automati- 
cally when  the  atmospheric  pressure  is  raised  by  explosions."  No  report  is  made 
of  its  effectiveness  in  actual  use.  There  have  been  several  complicated  plug 
arrangements  described  and  patented,  but  the  ones  mentioned  are  the  only  ones 
at  all  suited  to  military  purposes,  though  the  others  may  be  useful  in  completf^ 
exclusion  of  sounds. 

Plastic  obturators  have  been  made  of  various  wax  mixtures,  and  these  are, 
in  my  opinion,  the  most  satisfactory  of  all  the  devices.  A  plug  made  of  a  ma- 
terial that  is  soft  enough  at  ordinary  temperatures  to  conform  exactly  to  the 
shape  of  the  meatus  closes  the  passage  perfectly  without  fitting  so  tight  as  to 

*This  article  appeared  in  the  Miinchener  medicinische  Wochenschrift.  which  has  not  been  received 
at  the  library  here  for  over  a  year.  The  statement  made  is  based  on  an  editorial  in  the  British  Medical 
Journal  of  March  24,    1917. 
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irritate,- and  if  the  consistency  of  the  mixture  be  right  it  is  yet  rigid  enough  to 
transmit  the  sound  vibrations  and  at  the  same  time  firm  enough  to  resist  suc- 
cessfully the  great  pressure  changes  of  the  air  during  detonations.  And  it  has 
the  further  advantage  of  being  possible  to  render  it  antiseptic  by  the  addition  of 
suitable  elements  to  the  mixture.  Furthermore,  a  bullet  passing  through  the 
region  of  the  plug  will  not  shatter  it  and  form  more  projectiles  of  the  protective 
instrument  itself,  as  with  solid  obturators,  but  will  penetrate  evenly  as  in  soft 
tissues  of  the  body,  and  if  the  plug  has  been  impregnated  with  an  antiseptic  the 
pieces  carried  into  the  wound  are  not  in  themselves  a  source  of  infection.  The 
British  navy  has  for  several  years  recommended  a  mixture  of  plasticine  with 
cotton,  and  the  Lancet  of  May  6,  1911,  reports  the  First  Lord  of  the  Admiralty, 
Mr.  McKenna,  as  saying,  "Tests  have  been  carried  out  on  various  preventives, 
but  opinions  dififer  very  widely  as  to  their  relative  efficiency.  An  ear  paste  is 
already  prepared  and  is  issued  when  demanded."  No  reports  on  its  efficiency 
have  been  found,  but  it  can  not  have  been  entirely  satisfactory,  or  the  British 
would  not  still  be  trying  other  things.  In  the  Lancet  of  Aug.  15,  1914,  two 
weeks  after  the  war  began.  Home  stated  the  requirements  of  an  efficient  ear 
plug,  and  said  that  what  had  been  used  for  some  time  was  of  the  consistency 
of  jeweler's  wax  and  not  antiseptic.  He  probably  refers  to  the  paste  above  men- 
tioned. In  a  letter  in  the  Lancet  of  the  following  week,  Aug.  22,  1914,  Home 
states  that  a  Mr.  F.  Rogers,  of  327  Oxford  Street,  London,  W.,  has  produced  a 
plug  meeting  the  requirements  that  he  set  up  in  his  article,  but  he  does  not  de- 
scribe it.  An  article  in  the  British  Medical  Journal  of  Jan.  23,  1915,  states  that 
samples  received  from  Rogers  were  "composed  of  plastic  materials  held  to- 
gether by  some  fiber,  and  the  mass  impregnated  with  antiseptics."  The  state- 
ment is  also  made  that  "conversation  is  not  much  interfered  with" ;  and  that  they 
do  not  prevent  conversation  on  the  telephone,  an  essential  point  for  the  military 
officer.  In  an  editorial  in  the  British  Medical  Journal  of  Jan.  2,  1915,  it  was 
stated  that  "so  far  as  we  have  been  able  to  test  them,  and  the  tests  have  been 
conducted  not  only  on  civilians,  but  also  upon  soldiers  from  the  trenches,  the 
plastic  ear  plugs  afford  more  protection  than  the  Mallock-Armstrong  Ear  De- 
fender against  veiy  loud  and  sudden  sounds."  The  price  is  given  as  one  shilling 
per  pair,  postage  extra;  this  is  also  an  advantage  in  their  favor.  The  Italian 
Navy,  according  to  Luzzati  (1916),  has  adopted  a  plastic  obturator,  after  test- 
ing out  with  men  on  a  sliip  during  tarj^et  i)racticc  in  1915.  Following  the  sug- 
gestion of  Rho  (July,  1915)  that  a  wax  mixture  would  be  best,  Gianturco  (Au- 
gust, 1915),  a  pharmacist,  made  mixtures  of  wax,  paraffin,  almond  oil,  turpen- 
tine, and  other  things,  in  varied  ])roporti()ns.  He  ol)taiiiC(l  mixtures  of  wax, 
paraffin  and  almond  oil  that  soften  at  suitable  temperatures  for  both  winter  and 
summer  work.*  The  mixture,  finally  made  use  of.  because  of  the  scarcity  and 
cost  of  the  low  melting  ])oint  paraffin  needed  for  ("iianturco's  best  mixtures,  is 
given  in  a  note  by  Rho  as  being  yellow  wax  with  3(>.4  per  cent  of  li(iuid  vaseline. 
This  mixture  is  ])lace(l  in  conc-shai»ed  gauze  bags,  and  Rho  said  that  the  work 
was  to  be  (lone  at  the  FMiarmacy  of  the  Naval  Hosi)ital  in  Spczia  by  women  of 
thf   civil    mobilization.      There    i>    no    iin'iilioii    made   ot    antiseptics    iicing   adiled. 

*A  comment  of  (lianturco  on  mixtures  contniiiiiiK  tiiriicntinc  is  worth  rcpc.ititiK  for  the  benefit  of 
any  who  may  try  these  things;  he  found  it  too  volatili-;  il  evaporates  anil  lets  the  wax  harden  in  lumps; 
and    he  also    was   not   successful    in    overcoming    the    irritation    il    pniilticid    on    the    skin    of    the    meatus. 
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Luzzati  says  that  the  officers  and  men  who  used  them  during  the  target  practice 
found  that  they  gave  adequate  protection  against  the  painful  effects  of  firing,  and 
did  not  interfere  greatly  with  hearing  orders.  Gianturco  gave  the  cost  of  the 
mixture  he  recommended  at  4  lire  per  kilo,  and  as  Rho  substituted  a  cheaper 
mixture,  the  biggest  item  here  is  the  handling  in  filling  the  gauze  sacks.  The 
number  that  can  be  made  from  a  kilo  of  material  is  not  given,  but  these  are 
certainly  the  cheapest  of  all  the  specially  prepared  plugs.  Friedmann  (1909) 
describes  a  plug  made  by  Kiippers,  consisting  of  a  sphere  of  wax  modeled  around 
a  twisted  silver  wire  with  a  projecting  loop  large  enough  to  prevent  it  from  get- 
ting in  too  deep,  and  useful  also  in  grasping  to  remove  the  plug.  Halle  (1913) 
described  an  "antiphon"  made  by  dipping  a  piece  of  cotton  in  melted  paraffin  and 
letting  it  cool,  the  string  to  be  used  in  removing  the  plug.  The  conical  plugs  of 
Rogers  and  of  Rho  have  the  large  end  out  enough  to  be  grasped  by  the  finger 
tips  for  withdrawal.  The  gauze  container  of  the  Italian  type  is  a  valuable  idea, 
as  it  overcomes  one  of  the  objections  raised  to  the  others;  namely,  the  danger 
from  broken-off  pieces  remaining  in  the  canal  and  acting  as  an  irritant. 

In  the  preparation  of  this  review  access  has  not  been  had  to  the  militarv 
records  of  this  or  other  countries,  and  it  is  very  possible  that  these  records  con- 
tain reports  of  tests  which  indicate  definitely  some  prophylactic  as  being  the 
best.  If  so,  it  is  to  be  hoped  that  the  proper  officials  will  utilize  such  knowledge 
while  it  can  be  of  the  most  service. 

I  realize  fully  how  unsatisfactory  the  conclusions  to  be  drawn  from  this 
review  are ;  the  need  of  more  work  is  evident.  Especially  needed  are  reports  by 
those  handling  wounded  at  the  front  as  to  the  kind  of  preventive  used  by  those 
injured  and  the  injury  received  while  using;  and  these  reports  will  be  more 
valuable  if  the  percentage  of  injured  of  all  those  using  each  different  type  can 
be  determined.  But  while  gathering  and  digesting  the  papers  here  presented  and 
the  clinical  papers  not  given,  a  few  convictions  have  been  formed  which  I  wish 
to  add  to  this  review.  In  the  first  place,  the  issuance  and  compulsor)^  use  of 
some  preventive,  even  if  it  be  nothing  more  than  cotton  with  vaseline,  is  in  the 
interests  of  efficiency  in  the  army;  and,  as  stated  in  the  first  part  of  this  com- 
munication, of  economic  importance.  In  this  war  of  attrition,  even  such  small 
things  as  ear  plugs  are  of  importance  if  they  can  serve  to  keep  trained  men  in 
active  service.  Shall  we  refuse  to  use  what  is  at  hand  because  it  is  not  the  per- 
fect preventive  yet  to  be  found?  Certainly  we  should  not  continue  to  leave  to 
the  individual  soldier,  uninformed  in  this  matter,  the  providing  of  preventives 
for  himself.  It  is  fair  neither  to  the  soldier  nor  to  the  nation.  Nor  should 
such  preventives  as  we  have  be  issued  only  "when  demanded"  and  to  those  few 
who  realize  the  danger  and  know  of  the  preventive,  but  they  should  be  issued  like 
clothing,  rations,  ammunition  and  other  equipment ;  to  all  the  troops,  officers  and 
men  alike,  and  their  use  not  left  optional  but  made  compulsory  when  going  into 
action.  Like  any  other  preventive,  the  object  of  their  use  is  to  keep  the  active 
service  list  up  and  the  hospital  list  down,  and  the  use  of  most  preventive  meas- 
ures is  not  left  optional  in  military  life.  All  are  efficiency  measures;  and  I  be- 
lieve that  the  increased  efficiency  of  an  army  using  plugs  would  be  many  times 
greater  than  the  cost  of  the  plugs ;  they  would  be  one  of  the  smallest  expense 
items  of  all  the  equipment  of  a  soldier,  and  the  bulk  of  even  large  numbers  would 
not  be  a  xery  noticeable  factor  in  the  problem  of  transporting  supplies. 
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THE  FOURTH  VENEREAL  DISEASE-EROSIVE  AND  GANGRENOUS 

BALANITIS* 


By  Robert  Goldsborough   Owen,  A.M.,  M.D.,  and  Feoyd  A.   Martin, 
AM.,  M.D.,  Detroit,  Mich. 

TN  the  course  of  routine  examinations  of  genital  lesions  for  the  Treponema 
^  pallidum,  we  have  recently  encountered  six  cases  showing  a  bacteriologic  pic- 
ture of  the  condition  described  in  this  country  by  B.  C.  Corbus,^'  -  of  Chicago, 
under  the  name  of  erosive  and  gangrenous  balanitis. 

An  examination  of  American  medical  literature  and  textbooks  fails  to  show 
any  description  of  this-  disease,  a  condition  difficult  to  understand,  as  Corbus 
called  attention  to  this  very  typical  type  of  infection  as  early  as  1909,  and  since 
the  infection  had  been  recognized  as  a  separate  clinical  entity  by  foreign  observ- 
ers for  some  years  preceding  the  publication  of  Corbus's  first  article. 

Corbus  considers  the  condition  to  be  relatively  uncommon  among  private 
patients,  but  to  show  an  incidence  of  about  .5  per  cent  among  dispensary  patients 
affected  with  venereal  sores.  He  has  informed  me^  that  he  finds  the  infection 
to  be  a  very  common  affair  among  patients  in  the  Central  Free  Dispensar>'  of 
Rush  Medical  College,  and  that  a  number  of  his  colleagues  have  reached  the 
same  conclusion.  In  general,  however,  the  disease  as  a  distinct  clinical  entity, 
is  but  little  appreciated  among  the  members  of  the  medical  profession. 

We  have  found  six  cases  among  about  five  hundred  patients  with  venereal 
sores,  and  as  the  gangrenous  type  may  lead  to  marked  destruction  of  tissue,  and 
since  there  is  practically  a  specific  treatment  for  this  type  of  sore,  we  feel  that 
attention  should  again  be  called  to  this  condition. 

Bataille  and  Berdal*  as  early  as  1889  recognized  a  contagious  form  of 
balanitis  under  the  title,  "balano-posthite  erosive  circinee,"  but  Scherber  and 
Muller'  in  1904  were  the  first  to  isolate  and  identify  the  causative  organisms, 
and  they  further  demonstrated  that  the  erosive  and  gangrenous  types  were  due 
to  the  same  germs,  differing  merely  in  the  severity  of  the  pathologic  process. 

We  are  likewise  indebted  to  them  for  the  term  "fourth  venereal  disease." 
As  early  as  1904  they  reported  fifty  such  cases,  and  in  a  subsequent  most  com- 
plete article  published  in  1910  Scherber''  reported  eighty-one  cases  found  dur- 
ing a  period  of  four  years  in  Finger's  Clinic  at  Vienna. 

Corbus,  in  his  communication  published  in  1913,"  calls  attention  to  articles 
concerning  this  disease  published  in  England,  Austria,  Switzerland,  Italy,  and 
Greece.  We  have  been  unable  to  find  any  references  to  this  condition  published 
subsequently,  except  one  in  a  South  American  journal  which  -was  not  available 
for  study. 

definition. 

Corbus  defines  the  disease  as,  "a  specific  infectious  venereal  disease  due  to 
symbiosis  of  a  vibrio  and  a  spirochete,  with  local  and  constitutional  symptoms 
varying  with  the  severity  of  the  infection." 

*From   the   Research  Department   of  the   Detroit    Clinical    Laboratory. 
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BACTERIOLOGY. 

The  bacteriologic  picture  found  in  these  cases  is  identical,  on  morphologic 
grounds,  with  that  of  Vincent's  angina,  ulceromembranous  stomatitis,  noma,  and 
other  ulcerative  and  gangrenous  processes  which  afifect  the  mucous  membranes, 
or  at  least  have  their  point  of  origin  in  these  tissues. 

Smears  made  from  the  discharge  show  fusiform  bacilli  or  vibrios  and 
spirochete  forms. 

The  fusiform  bacillus,  or  vibrio,  is  a  weakly  Gram-positive  organism  about 
0.8  microns  wide  by  2  microns  long,  of  a  spindle  shape,  and  shows  one  or  more 
granules  in  the  central  portion.  It  shows  no  motility  under  the  darkifield. 
This  form  can  be  grown  on  ascitic  or  serum  agar  under  strict  anaerobic  con- 
ditions, where  is  appears  in  the  form  of  short  rods,  at  times  filamentous  in 
character. 

The  spirochete  is  rather  thick  as  compared  to  the  pallida  and  possesses  a 
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Smear  from  case  of  erosive  and  gangrenous  balanitis,  showing  fusiform  bacilli  and  spirochetes.      Magnifica- 
tion:   1200  diameters.      Stained   with   dilute   carliol-fuclisin. 

very  active  motility,  there  being  both  a  wave-like  and  a  rotary  movement.  It 
is  about  0.2  microns  wide  and  varies  in  length  from  5  to  15  microns.  The 
spirals,  of  which  there  are  usually  from  six  to  ten,  are  about  ^  microns  in 
width  and  are  not  as  numerous  nor  as  fine  and  regular  as  those  observed  in  the 
treponema  pallidum.  Once  seen  under  the  dark-field  illuminator,  there  should 
be  no  great  difificulty  in  distinguishing  between  the  two  forms.  This  organism 
can  also  be  cultivated  anaerobically,  but  is  much  harder  to  isolate  than  is  the 
accompanying  fusiform  bacillus. 

Both  the  fusiform  bacillus  and  the  spirochete  stain  readily  with  dilute 
carbol-fuchsin,  another  point  distinguisliing  the  latter  from  the  pallida.  The 
spirochete  does  not  retain  the  stain  by  the  (iram  method. 

Hoffman  and  Prowazek^  who  gave  the  name  of  v^.  balanitidis  to  the  organ- 
ism described  by  Scherber,  consider  it  a  si)ecific  type  distinct  from  those  found 
in  the  mouth  and  also  consider  it  as  not  being  identical  with   S.   refringeii"^  with 
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which  it  was  classed  by  Levaditi^  who  grew  S.  refringens  in  collodion  sacs  in- 
traperitoneally  and  endeavored  unsviccessfully  to  produce  balanitis  with  such 
cultures.  He,  therefore,  concluded  that  this  organism  could  not  be  considered 
as  the  cause  of  the  disease;  while  Scherber,  who  was  unable  to  inoculate  animals 
with  cultures  of  the  vibrio,  held  that  it  was.  On  the  other  hand,  Corbus  thinks 
the  vibrio  form  is  the  active  agent  since  spirochetes  similar  morphologically,  at 
least,  to  those  observed  in  balanitis,  may  be  found  in  the  preputial  sac  under 
normal  conditions. 

Weaver  and  Tunnicliff^  isolated  in  pure  culture  fusiform  bacilli  from  Vin- 
cent's angina  and  noma  and  later  Tunniclifif^°  found  such  organisms  in  normal 
mouths.  She  considers  that  the  vibrio  and  the  spirochete  represent  merely  dif- 
ferent forms  of  the  same  organism ;  but  Ellermann^^  and  Krumwiede  and  Pratt^^ 
believe  them  to  be  separate  and  distinct  species.  The  latter  observers  cultivated 
vibrios  from  a  number  of  different  sources  and  found  that  regardless  of  origin, 
they  could  be  divided  into  groups  according  to  whether  they  fermented  sac- 
charose or  not.  Noguchi^^  considers  that  S.  balanitidis  "probably  has  a  more 
intimate  relation  to  the  lesion  than  that  of  a  mere  secondary  invader,"  a  point 
strongly  emphasized  by  Scherber's  discovery  of  the  organism  not  only  in  the 
initial  lesion  but  also  in  the  lumina  of  the  adjacent  blood  vessels  and  in  the 
inguinal  lymph  nodes. 

The  evidence  at  hand  seems  to  prove  that  these  symbiotic  organisms,  often 
present  in  the  mouth  without  any  manifestations  of  pathogenicity,  may,  under 
conditions  of  lowered  vitality,  disease,  etc.,  develop  malignant  properties,  and 
when  transferred  to  other  fields  of  endeavor  produce  ulceration  and  sloughing 
of  a  marked  degree. 

Corbus  was  able  in  all  his  cases  to  get  a  history  of  coitus  in  os  or  of  wetting 
the  genitals  with  saliva.  We  elicited  such  a  history  from  two  of  our  patients, 
while  three  others  denied  such  exposure.  The  sixth  patient  vehemently  denied 
exposure  of  any  kind. 

McDonagh^*  considers  the  condition  as  usually  resulting  from  coitus  in  os 
and  thinks  that  the  woman  need  not  necessarily  have  an  acute  vulvitis  or  vagi- 
nitis, as  the  mere  presence  of  a  few  of  these  organisms  may  lead  to  their  im- 
plantation on  a  glans  penis,  which,  if  covered  with  a  long  foreskin,  furnishes 
ideal  anaerobic  conditions  for  the  propagation  of  the  species.  Indeed,  he  even 
goes  so  far  as  to  state  that  the  infection  need  not  necessarily  come  from  the 
woman,  mere  mechanical  irritation  and  inflammation  at  times  instituting  such  a 
process.  While  these  divergent  views  leave  the  exact  relation  of  these  organ- 
isms and  their  source  of  origin  in  doubt,  nevertheless  the  fact  remains  that  in 
certain  cases  of  balanitis  where  a  retracted  foreskin  furnishes  anaerobic  condi- 
tions, a  symbiosis  of  certain  anaerobic  organisms  is  present.  Moreover,  these 
cases  respond  promptly  to  the  removal  of  such  anaerobic  conditions  and  the  ad- 
ministration of  oxygen  in  the  form  of  hydrogen  peroxide.  Such  treatment  is 
not  effective  with  the  true  chancroidal   sore. 

S YM  PTOM  ATOLOGY. 

The  disease  usually  begins  on  the  sulcus  coronarius,  prepuce,  or  glans; 
usually  as  one,  sometimes  as  several  small  superficial  erosions  which  may  heal 
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in  the  course  of  a  few  days  without  treatment.  At  times  the  surface  of  these 
ulcers  may  show  a  bright  red  color,  while  at  other  times  they  are  covered  with  a 
grayish  film  of  coagulated  exudate  and  necrotic  tissue.  Where  several  small 
lesions  are  present,  they  usually  coalesce  in  the  course  of  a  few  days. 

The  most,  in  fact  the  only,  characteristic  symptom  of  this  type  of  venereal 
sore  is  the  early  and  abundant  production  of  a  white  or  yellowish  pus  of  a  most 
foul  odor.  This  pus,  however,  may  be  lacking  in  the  early  stages  of  the  disease 
or  may  have  been  kept  in  abeyance  by  mechanical  cleansing. 

The  lymphatic  glands  are  enlarged  and  usually  painless,  with  the  dorsal 
lymph  cord  sharing  in  the  lymphatic  involvement.  Aside  from  the  inguinal 
region  there  is  no  adenitis.  Suppuration  of  the  affected  lymph  glands  does 
not  occur. 

The  majority  of  patients  show  no  constitutional  symptoms,  but  in  the 
gangrenous  type  where  the  destruction  of  tissue  may  be  rapid  and  extensive, 
profound  sepsis  may  supervene. 

Phimosis  and  swelling  appear  early  and  are  often  marked,  making  treat- 
The  Fourth  Venereal  Disease — Erosive  and  Gangreneous  Balanitis*  Continued 
ment  difficult  without  surgical  intervention. 

DIFFERENTIAL   DIAGNOSIS. 

This  type  of  sore  is  most  apt  to  be  confused  with  chancroid,  as  both  have 
the  same  incubation  period,  the  sore  usually  appearing  within  two  to  seven 
days  after  exposure. 

In  chancroid,  however,  the  ulcers  are  more  likely  to  be  multiple,  and  show 
contact  infection  on  apposing  surfaces  which  we  have  not  observed  in  balanitis: 
and  there  is  much  greater  tendency  manifest  to  undermining  of  the  edges  of 
the  ulcer,  with  the  production  of  a  ragged  and  irregular  border.  Painful  in- 
guinal adenitis  with  resulting  bubo  is  common  in  chancroid,  but  has  not  been 
observed  in  balanitis  of  this  type. 

Balanitis  cases  show  more  abundant  pus  of  a  foul  odor,  and  produce  earlier 
and  more  marked  edema  and  swelling.  Phimosis  is  very  common  and  appears 
quite  early. 

The  process  is  differentiated  from  the  Hunterian  chancre  by  the  much 
shorter  incubation  period,  by  the  rapidity  of  development  of  the  pathologic 
process  and  the  production  of  the  pus  described  above. 

However,  we  have  long  ceased  to  depend  on  visual  observations  alone  in 
differentiating  between  chancre  and  chancroid ;  for  while  there  is  a  typical  hard 
chancre,  it  is  so  often  masked  by  an  accompanying  chancroidal  infection,  that 
diagnosis  is  difficult  if  not  impossible. 

Indeed,  we  have  found  that  at  lea.st  30  per  cent  of  our  cases  of  true  .syphilis 
are  complicated  by  a  chancroidal  infection  and  such  cases  can  be  diagnosed  with 
certainty  only  by  means  of  microscopic  and  serologic  methods. 

TREATMENT. 

The  organisms  are  strictly  anaerobic,  and  C()nse(|uently  can  not  exist  except 
where  a  long  foreskin  ])r()vides  such  conditions. 

In  earlv  cases  before  jjliimosis  has  become  marked,  retraction  ot    the  fore- 
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skin  with  mechanical  cleansing  and  the  application  of  hydrogen  peroxide  furnish 
an  oxygen  supply  incompatible  with  the  growth  of  these  organisms.  We  have 
had  our  cases  apply  gauze  soaked  in  ordinary  commercial  hydrogen  peroxide, 
covered  with  oiled  silk,  after  careful  mechanical  cleansing  of  the  ulcer  and  the 
removal  of  all  sloughing  tissue. 

Where  this  strength  of  peroxide  tends  to  be  irritant  it  can  be  used  in  a 
diluted  form. 

If  the  phimosis  be  marked  or  if  the  foreskin  can  not  be  kept  retracted, 
dorsal  incision  should  be  made  at  once  owing  to  the  rapid  advance  and  marked 
destructive  action  of  the  process  if  unchecked. 

It  is  neither  necessary  nor  advisable  to  burn  these  sores,  because  burning 
alone,  unless  aerobic  conditions  are  maintained,  will  have  but  little  efifect 
on  the  process.  Neither  should  carbolic  acid  or  other  strong  disinfectants  be 
employed,  as  any  chemical  causing  tissue  destruction  simply  furnishes  more 
ideal  conditions  for  the  growth  of  these  organisms. 

As  with  Vincent's  angina,  salvarsan  or  neosalvarsan  produces  a  prompt 
cure,  while  these  drugs  have  no  beneficial  action  in  chancroidal  infections.  How- 
ever, in  general,  the  local  treatment  advocated  is  all  that  is  necessary.  Should 
the  process  be  unchecked  by  hydrogen  peroxide,  or  if  gangrene  be  already  mani- 
fest, resort  should  be  had  to  these  remedies,  in  conjunction  with  the  local  treat- 
ment with  peroxide. 

CASE  REPORTS. 

Our  six  cases  were  examined  within  one  to  three  days  after  the  sore  ap- 
peared, all  being  in  the  erosive  stage,  with  an  abimdant  discharge  of  foul  pus, 
moderate  edema  with  slight  phimosis,  and  exquisitely  tender  ulcers,  the  larg- 
est sore  being  about  the  size  of  a  dime.  The  ulcers  were  covered  with  pus  and 
considerable  coagulated  serum  and  exudate,  beneath  which  lay  a  very  superficial 
reddish-colored  erosion.  All  show^ed  moderate  inguinal  adenitis,  painless  in 
character.  There  were  no  constitutional  symptoms.  Two  patients  gave  a  his- 
tory of  unnatural  intercourse,  the  other  four  denied  it.  In  all  of  these  cases 
the  sore  had  appeared  within  four  days  after  exposure. 

One  patient  with  a  history  of  repeated  exposures,  but  denying  coitus  in  os 
showed  treponema  pallida,  as  well  as  the  organisms  characteristic  of  this  con- 
dition. This  case  cleared  up  promptly  under  salvarsan  and  local  treatment  with 
hydrogen  peroxide. 

Three  other  cases  treated  with  wet  dressings  of  hydrogen  peroxide  cleared 
up  within  a  few  days. 

The  remaining  two  patients  were  advised  to  use  the  same  treatment  and 
presumably  cleared,  as  they  failed  to  return  to  their  attending  physician. 

None  of  these  cases  showed  the  presence  of  the  Ducrey  bacillus. 

CONCLUSION. 

1.  There  is  a  type  of  venereal  sore  due  to  symbiotic  action  of  a  vibrio 
(fusiform  bacillus)   and  a  spirochete. 
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2.  The  lesion  may  be  simply  erosive  in  character,  or  show  marked  sloughing 
and  gangrene. 

3.  These  organisms  are  probably  of  oral  origin,  and  are  closely  allied,  if 
not  identical,  with  the  organisms  of  Vincent's  angina. 

4.  Hydrogen  peroxide  acts  as  a  specific  in  this  type  of  venereal  infection. 

5.  Cauterizing  and  strong  antiseptics   should  not  be  used  as  they  tend  to 
produce  necrosis  of  tissue,  thus  favoring  the  further  growth  of  these  organisms. 

6.  The  gangrenous  type  demand  salvarsan  or  neosalvarsan,  as  well  as  local 
treatment. 
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_   A  POSSIBLE  EXPLANATION  FOR  THE  CYANOSIS  AND  HYPERPNEA 
I  SEEN  IN  PNEUMONIA  AND  CARDIAC  DECOMPENSATION* 

By  R.  G.  Pearce,  B.A.,  M.D.,  Cleveland,  Ohio. 


IX  normal  individuals  the  minute  volume  of  the  respired  air  is  primarily  de- 
termined by  the  amount  of  carbon  dioxide,  and  secondarily  by  the  amount  of 
oxygen  present  in  the  blood  coursing  through  the  respiratory  center.  Lack  of 
oxygen  is  a  much  less  effective  stimulus  to  the  center  than  is  a  corresponding 
increase  in  the  carbon  dioxide  of  the  blood.  An  impairment  in  the  gas  exchange 
in  the  lung  so  that  the  blood  leaves  the  heart  with  too  little  oxygen  and  too  much 
carbon  dioxide  will  cause  the  blood  to  be  dark  or  cyanotic,  and  the  resjiiratory 
center  to  increase  the  minute  volume  of  the  respired  air.  This  results  in  a 
lowering  of  the  percentage  of  the  carbon  dioxide  in  the  alveolar  air  or  its  con- 
centration in  the  arterial  blood.  Whether  the  oxygen  content  is  affected  will  de- 
pend upon  the  nature  of  the  respiratory  lesion,  as  will  be  pointed  out  later.  This 
type  of  cyanosis  is  primarily  arterial,  and  the  hyperpnea  is  caused  by  too  much 
carbon  dioxide  in  the  arterial  blood.  We  believe  that  this  type  is  present  in  cases 
of  pneumonia  that  are  cyanotic  without  evidence  of  air  lumger  or  cardiac  im- 
pairment, and  that  it  is  essentially  like  that  found  in  congenital  heart  disease. 

In    cardiac    decompensation    without    respiratory    inii)airment,    tiic    minute 
volume  of  the  blood  circulating  through  the  lungs  and  the  respiratory  center  is 

•From    the    Car.iiorcspiratory    La1).)iat..i,v.    Mc.lical    Service.    Tlu-    I..al<isi.l<-    II..s|mi..1.    (.-Irvelaii.!.    Ohio. 
Read  before  the    A.>^sotiati(m    of    .Aiiu-i  iiaii    IMiysiciaiis,    Afay    .1.    191/". 
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diminished  and,  if  metabolism  is  normal,  the  blood  per  unit  volume  must  carry 
more  oxygen  to  the  tissues  and  more  carbon  dioxide  from  the  tissues  than  under 
normal  conditions.  If  the  oxygen  supply  is  greatly  diminished,  the  excitability 
of  the  respiratory  center  is  increased  and,  in  case  the  blood  supply  is  not  suf- 
ficient to  promptly  carry  away  the  carbon  dioxide  produced,  the  center  is  abnor- 
mally stimulated.  The  compensating  mechanism,  brought  about  by  increasing 
the  minute  volume  of  air  respired,  is  the  lowering  of  the  carbon  dioxide  in  the 
arterial  blood  entering  the  center  to  such  a  degree  that  the  blood  as  it  passes 
through  the  center  is  able,  in  spite  of  its  small  volume,  to  carry  away  the  car- 
bon dioxide  formed  without  increasing  the  carbon  dioxide  tension  in  the  center. 
The  oxygen  content  of  the  venous  blood,  however,  is  much  less  than  under  nor- 
mal conditions,  inasmuch  as  the  hemoglobin  has  been  compelled  to  give  up  a 
greater  percentage  of  its  oxygen.  The  venous  blood  is  therefore  dark  or  cyanotic. 
Peabody^  has  shown  that  the  respiratory  center  of  patients  suffering  with  cardiac 
decompensation  is  much  more  sensitive  than  normally  to  changes  in  the  carbon 
dioxide  tension  of  the  alveolar  air. 

Ordinarily  the  alveolar  air  has  the  same  pressure  of  carbon  dioxide  as  does 
arterial  blood,  and  the  determination  of  this  factor  in  either  will  give  its  value 
in  the  other.  The  direct  relationship  between  the  combined  and  the  free  car- 
bonates of  the  blood  and  the  tension  of  carbon  dioxide  in  the  alveolar  air  in  nor- 
mal individuals  is  well  established.  For  this  reason  the  method  devised  by  Van 
Slyke^  for  the  determination  of  the  total  blood  carbonates  is  capable  of  giving 
fairly  accurately  the  tension  of  carbon  dioxide  in  the  alveolar  air  as  determined  by 
various  methods. 

Walker  and  Frothingham^  have  published  a  rather  extensive  series  of  cases 
in  which  they  compared  the  carbon  dioxide  in  the  alveolar  air  as  determined  by 
the  Plesch  method,  with  the  carbon  dioxide  in  the  venous  blood  as  determined  by 
the  method  of  Van  Slyke.  They  conclude  that  the  two  methods  give  approxi- 
mately the  same  results,  and  found  the  most  marked  variations  in  their  cases  of 
pneumonia  and  Graves'  disease.  In  these  diseases,  because  of  the  increased  rate 
of  metabolism  Plesch's  method  undoubtedly  gives  too  high  results. 

The  methods  for  determining  the  percentage  of  carbon  dioxide  in  the  alveo- 
lar air  are  not  very  satisfactory  for  accurate  clinical  use.  Haldane  and  Priest- 
ley's method,*  while  it  has  yielded  most  valuable  data  in  the  physiology  of  the 
regulation  of  the  respiration,  is  not  a  satisfactory  clinical  method,  and  does  not 
give  very  accurate  figures  in  all  conditions.  By  making  use  of  the  mathematical 
laws  of  vanishing  small  quantities,  I  have  devised  a  method  for  the  determination 
of  the  dead  space  and  the  percentage  gaseous  composition  of  the  alveolar  air.^ 
I  have  used  this  principle  for  a  year,  and  have  only  recently  discovered  that  Pro- 
fessor Almeida,  of  the  University  of  Rio  Janeiro,  has  published  a  preliminary 
announcement  of  a  method  for  the  determination  of  the  carbon  dioxide  in  the 
alveolar  air  which  is  based  on  the  principle  I  have  used.  Priority  of  discovery, 
therefore,  belongs  to  him.  Briefly  the  principle  of  the  method  depends  on  the 
influence  which  the  atmospheric  air  of  the  dead  space  has  in  diluting  the  gases 
of  the  alveolar  air  in  the  total  expired  air.  The  principle  can  be  shown  graphi- 
cally by  the  use  of  a  curve,  the  abscissas  of  which  represent  the  amount  of  the 
expiration  in  cubic  centimeters,  and  the  ordinates  the  percentage  of  carbon  di- 
oxide or  oxygen  in  the  expired  sample.     The  larger  the  expiration,  the  greater 
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percentage  of  carbon  dioxide  does  the  air  contain  and  the  less  percentage  of 
oxygen,  because  the  diluting  factor  which  the  dead  space  adds  becomes  less  and 
less  important  as  the  expiration  increases  in  amount.  By  making  several  ob- 
servations in  which  the  expirations  are  progressively  increased,  it  will  be  seen 
that  the  percentage  of  either  the  carbon  dioxide  or  the  oxygen,  when  plotted  on 
cross-section  paper,  gives  a  perfect  hyperbolic  curve  in  which  two  constants  are 
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present.  One  is  the  percentage  of  carbon  dioxide  in  the  alveolar  air  and  is  rep- 
resented by  the  horizontal  asymptote,  and  the  other  the  capacity  of  the  dead 
space,  which  is  represented  by  the  vertical  asymptote. 

The  percentage  of  carbon  dioxide  in  the  alveolar  air  as  determined  by  this 
method  is  a  trifle  lower  than  that  obtained  by  other  methods  in  use  at  the  pres- 
ent time.  However,  it  is  more  accurate  because  it  has  not  the  theoretical  errors 
present  in  other  methods  and,  although  involving  a  greater  time  and  more  com- 
plicated apparatus  to  carry  out,  it  requires  less  cooperation  on  the  part  of  the 
patient  than  do  the  other  methods. 

In  the  Lakeside  Medical  Service  we  have  been  using  this  method  to  de- 
termine the  percentage  of  carbon  dioxide  in  the  alveolar  air,  in  company  with 
Van  Slyke's  method  for  the  determination  of  the  blood  carbonates,  in  a  number 
of  cases  of  pneumonia  and  cardiorenal  disease.  Our  series  is  not  large  enough 
to  warrant  a  complete  report,  but  the  results  so  far  obtained  throw  some  new 
light  on  the  pathologic  physiology  of  these  diseases. 

In  several  cases  of  pneumonia  in  which  cyanosis  was  present  without  signs 
of  cardiac  impairment  or  air  hunger,  we  have  noted  that  the  carbon  dioxide  ten- 
sion of  the  alveolar  air  as  determined  by  our  method  is  decidedly  lower  than  that 
obtained  by  Van  Slyke's  method.  In  the  greater  number  of  pneumonias  seen 
late  in  the  disease  and  without  cardiac  impairment,  we  found  that  the  blood  car- 
bonates and  the  alveolar  air  carbon  dioxide  determinations  by  the  two  methods 
corresponded  fairly  well.     Cyanosis  in  these  cases  was  never  marked. 

Especially  interesting  is  one  case  whom  I  saw  twenty-four  hours  after  the 
onset  of  the  attack.  His  right  base  was  dull,  with  high-pitched  bronchial  breath- 
ing. His  respirations  were  28  to  the  minute,  pulse  115,  and  temperature  104°. 
The  man  appeared  very  ill,  but  was  able  to  cooperate  with  me  and  was  fairly 
comfortable.  He  had  no  signs  of  cardiac  impairment,  and  the  blood  pressure 
was  135  systolic  and  85  diastolic.  The  most  noticeable  thing  about  him  was  the 
intense  cyanosis,  which  was  present  without  symptoms  of  respiratory  distress. 

Examination  of  his  blood  by  the  Van  Slyke  method  showed  practically  a 
normal  blood  carbonate  reserve,  and  the  alveolar  air  as  estimated  by  this  method 
gave  37.5  mm.  Hg.  carbon  dioxide  pressure.  His  alveolar  carbon  dioxide  de- 
termined by  my  method  was  26  mm.  The  following  day  his  general  condition 
was  much  worse.  The  right  upper  was  consolidated,  his  temperature  105 '^,  pulse 
140,  and  his  blood  pressure  a  little  lower.  His  cyanosis  had  disappeared.  He 
was  irrational,  and  I  could  not  obtain  a  sample  of  air  for  carbon  dioxide  de- 
termination of  the  alvecjlar  air.  His  blood  carbonates  were,  however,  the  same 
as  the  day  before.  W^e  believe  that  an  explanation  of  the  cyanosis  and  the  dis- 
appearance of  it  as  the  patient  grew  worse  may  be  found  in  a  consideration  of 
the  respiratory  physiology  of  congenital  heart  disease. 

Last  year  Dr.  Julius  Hess  and  P  reported  three  cases  of  congenital  heart 
disease  occurring  in  boj's  of  the  same  family.  In  all  we  found  a  low  percentage 
of  carbon  dioxide  in  the  alveolar  air,  an  observation  which  has  been  found  by 
others  in  congenital  heart  disease.  The  blood  carbonates  by  Van  Slyke's  method 
and  the  venous  carbon  dioxide  tension  by  the  method  of  Christiansen,  Douglas 
and  Haldane^  were  normal.  We  are,  therefore,  forced  to  conclude  that  the  blood 
which  enters  the  lungs  of  these  boys  is  more  completely  freed  of  carbon  dioxide 
than  in  the  normal  individual,  and  that  less  than  the  normal  amount  of  blood  is 
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passing  through  the  lungs.  The  blood  leaving  the  lungs,  therefore,  carries  a  full 
load  of  oxygen  and  less  than  the  normal  amount  of  carbon  dioxide.  On  reach- 
ing the  left  heart  it  mixes  with  blood  coming  directly  from  the  right  heart  through 
the  abnormal  connection.  This  blood  is  venous  blood  having  a  high  carbon 
dioxide  and  a  low  oxygen  content.  The  result  of  the  mixture  gives  a  blood  prob- 
ably almost  normal  with  reference  to  the  carbon  dioxide  content,  but  less  than 
normal  with  reference  to  its  oxygen  content.  The  boys  all  have  an  increased 
minute  volume  of  respired  air,  but  do  not  show  any  evidence  of  air  hunger,  nor 
is  their  capacity  for  work  much  less  than  that  of  the  normal  controls. 

We  interpreted  these  findings  as  indicating  that  these  boyc  have  potentially 
a  condition  of  carbon  dioxide  acidosis,  which  they  compensate  for  by  over- 
ventilating  the  blood  which  passes  through  the  lungs  so  that  the  blood  which 
leaves  the  left  heart  may  have  a  normal  carbon  dioxide  tension.  In  the  case  of 
oxygen,  however,  since  the  blood  leaving  the  lungs  carries  all  the  oxygen  it  can 
carry,  no  compensation  can  take  place,  and  the  mixture  of  blood  in  the  arterial 
system  is  unsaturated  with  oxygen  and  hence  blue  in  color. 

A  ver}'  similar  explanation  can  be  given  for  the  cyanosis  which  we  have 
observed  in  pneumonia.  Let  us  assume  that  the  pathologic  process  which  de- 
stroys the  respiratory  membrane  and  makes  the  exchange  of  gases  impossible  in 
the  pneumonic  lung  precedes  the  closing  of  the  pulmonary  vessels.  Such  a  con- 
dition will  give  physiologically  the  same  conditions  as  are  present  in  con- 
genital heart  disease.  The  blood  reaching  the  left  ventricle  would  in  this  case 
be  a  mixture  of  venous  blood  from  the  diseased  area,  and  arterial  blood  from 
the  sound  area  of  the  lungs.  The  respiratoiy  center,  responding  to  the  increase 
of  the  carbon  dioxide  content  of  the  blood,  increases  the  minute  volume  of  air 
respired  and  lowers  the  carbon  dioxide  tension  in  the  arterial  blood.  This  would 
tend  to  make  the  carbon  dioxide  concentration  of  the  blood  normal,  but  the 
oxygen  content  would  be  determined  by  the  relative  amounts  of  venous  and 
arterial  blood  being  delivered  to  the  left  ventricle.  It  would  always  be  less  than 
normal,  since  there  is  no  possible  mechanism  to  increase  materially  the  amount 
of  oxygen  which  the  blood  will  take  up.  Such  a  condition  can  exist  without 
evidence  of  air  hunger  or  respiratory  distress  so  long  as  the  oxygen  supply  is 
sufficient.  However,  cyanosis  would  be  present,  since  the  capillary  blood  is  not 
saturated  with  oxygen.  As  the  disease  progresses,  the  circulation  through  the 
involved  lungs  becomes  less  and  less,  and  the  cyanosis  disappears. 

We  find  confirming  evidence  of  this  view  in  the  studies  which  Porter  and 
Newburgh^  have  made  on  the  condition  of  the  respiratory  center  in  pneumonia. 
These  investigators  find  the  respiratory  center  is  de])ressed  through  a  peripheral 
afferent  vagus  mechanism.  The  pneumonic  respiratory  center,  being  less  sensi- 
tive to  an  increase  in  the  carbon  dioxide  content  of  the  blood  than  is  the  normal 
one,  requires  a  larger  amount  of  carbon  dioxide  in  the  arterial  blood  for  the 
efifective  stimulation  of  the  center.  We  have  found  confirmatory  proof  of  this 
view  in  the  case  of  one  cyanotic  patient,  in  whom  we  fcnmd  the  alveolar  carbon 
dioxide  and  the  blood  carbonates  to  be  practically  normal,  but  whose  venous 
blood,  as  determined  by  the  method  of  Christiansen,  Douglas  and  Haldane',  was 
higher  than  normal.  This  condition  indicates  that  the  amount  of  blood  pas.sing 
over  the  respiratory  membrane  was  reduced,  and  that  the  blood  entering  and 
leaving  the  respiratory  center  had  a  higher  content  of  r;irl)()ii  dioxide  ihan  under 
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ordinary  conditions.  This  offers  an  explanation  for  the  fact  that  many  cases  of 
pneumonia,  which  are  cyanotic  because  they  are  receiving  unrespired  blood  in 
their  left  heart,  fail  to  show  much  if  any  decrease  in  the  percentage  of  carbon 
dioxide  in  the  alveolar  air.  That  it  is  found  in  some  cases,  however,  is  significant 
of  its  potential  existence  in  all.  In  other  words,  were  it  not  for  the  hypesthesia 
of  the  respiratory  center  which  Porter  and  Newburgh  find  present  in  pneumonia, 
we  should  probably  more  often  find  the  alveolar  carbon  dioxide  lower  than  the 
blood  carbonates  indicate.  Butterfield  and  Peabody^  have  furnished  some  ex- 
perimental evidence  that  cyanosis  of  pneumonia  may  be  caused  by  the  formation 
of  methemoglobin.  I  do  not  wish  to  deny  that  this  occurs,  but  I  believe  tiiat 
the  degree  of  cyanosis  which  we  see  developing  early  in  the  disease  is  out  of  all 
proportion  to  the  infection.  Moreover,  the  blood  of  these  cyanotic  patients 
when  shaken  in  the  air,  assumes  a  very  arterial  color,  which  is  in  striking  con- 
trast to  the  deep  dark  color  which  persists  in  the  blood  of  patients  who  have  been 
poisoned  with  coal  tar  products.  One  can  not  explain  the  sudden  disappearance 
of  the  cyanosis  in  the  cases  mentioned  on  the  theory  of  methemoglobin  forma- 
tion. It  appears  probable  to  us  that  the  cyanosis  disappeared  when  the  amount 
of  unrespired  blood  which  was  reaching  the  left  auricle  became  negligible. 

We  believe  that  in  these  cases  of  pneumonia  which  we  have  described,  one 
portion  of  the  blood  circulating  through  the  pulmonary  vessels  consists  of  blood 
which  has  been  superventilated,  while  another  portion  which  passes  through  the 
diseased  area  is  unventilated.  Therefore,  the  confluence  of  the  total  blood  in  the 
left  auricle  gives  a  mixture  of  superventilated  blood  with  unrespired  blood.  This 
will  give  a  total  result  of  an  aortic  blood  which  will  have  a  fairly  normal  amount 
of  carbon  dioxide  but  a  low  amount  of  oxygen.  The  lack  of  oxygen  is  responsible 
for  the  cyanosis. 

In  several  cases  of  cardiac  disease  we  have  found  the  percentage  of  carbon 
dioxide  in  the  alveolar  air  low  during  the  stage  of  cardiac  decompensation.  In 
these  cases  there  was  no  lowering  of  the  total  blood  carbonates,  and  as  the  heart 
compensated  by  rest  in  bed  and  treatment,  the  alveolar  air  carbon  dioxide  and 
the  blood  carbonates  came  b'lck  into  agreement.  Recently,  with  Dr.  Christie, 
I  have  had  one  case  of  especial  interest.  The  patient  was  admitted  to  the  ward 
wdth  a  badly  decompcn>aicd  heart,  air  hunger,  orthopnea,  high  systolic  and 
diastolic  blood  pressure,  and  a  dilated  heart.  His  blood  carbonates  gave  a  nor- 
mal figure,  indicating  no  reduction  in  his  blood  alkalinity.  His  minute  volume 
of  respired  air  was  10  liters,  and  his  alveolar  air  determined  directly  gave  a 
carbon  dioxide  pressure  of  30.7  mm.  Hg.  His  blood  failed  to  show  evidence  of 
acidosis,  while  his  alveolar  air  indicated  that  it  was  present.  His  venous  car- 
bon dioxide  pressure,  as  determined  by  the  method  of  Christiansen,  Douglas  and 
Haldane,  was  about  46  mm.  Hg.  The  wide  difference  between  the  pressure  of 
carbon  dioxide  in  his  arterial  and  his  venous  blood  indicates  that  the  blood 
which  was  passing  through  his  lungs  was  being  superventilated.  In  this  patient 
the  blood  entered  the  lungs  bearing  approximately  the  normal  load  of  carbon 
dioxide,  but  left  the  lung  with  a  less  than  normal  amount  of  carbon  dioxide.  It 
entered  with  a  carbon  dioxide  pressure  of  46  mm.  and  left  with  a  carbon  dioxide 
pressm'e  of  30.  Since  his  blood  was  approximately  normal  in  its  capacity  to 
carry  carbon  dioxide,  w^e  may  compute  from  the  above  data,  together  with  a  de- 
termination of  his  total  respiratory  exchange,  the  minute  blood  flow  through  his 
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lungs  from  the  data  furnished  by  Christiansen,  Douglas  and  Haldane  on  the  re- 
lationship between  the  oxygen  and  carbon  dioxide  content  of  the  blood.  I  have 
done  this  and  find  that  each  100  c.c.  of  blood  which  passed  through  this  man's 
lung  lost  at  least  10  c.c.  of  carbon  dioxide.  The  normal  figure  given  by  most 
authorities  is  about  6  c.c.  This  figure,  taken  together  with  the  total  carbon 
dioxide  eliminated  by  the  patient  per  minute,  which  in  this  case  was  a  normal 
figure,  gives  him  a  minute  cardiac  output  of  about  3  liters  per  minute,  which  is 
about  one-half  the  calculated  normal  figure.  Because  of  the  small  amount  of 
blood  which  passes  through  the  respiratory  center,  the  metabolism  of  the  respira- 
tory center  itself  would  cause  the  tension  of  carbon  dioxide  to  be  raised  above 
a  normal  level,  unless  the  blood  entering  it  is  capable  of  carrying  away  more 
carbon  dioxide  than  it  does  under  normal  conditions. 

Lewis^°  observed  similar  cases,  and  Peabody^  has  reported  a  series  of  cases 
which  undoubtedly  fall  into  this  group.  Tev^ds  believes  that  the  cyanosis  and 
dyspnea  without  acidosis  are  due  to  poor  oxygenation  of  the  tissues.  Peabody, 
basing  his  conclusions  on  the  low  alveolar  carbon  dioxide  pressure  in  these  cases, 
believes  they  have  a  real  acidosis.  He,  however,  recognizes  the  part  which  the 
accumulation  of  carbon  dioxide  in  the  respiratory  center  may  play  in  the  dysp- 
nea. Recently  Peters  reported  similar  cases,  but  attributes  them  to  a  failure 
in  the  gas  exchange  in  the  lung.  He  did  not,  however,  determine  the  tension  of 
the  carbon  dioxide  in  the  venous  blood.  Such  an  explanation  can  hardly  apply 
in  our  case  for  the  following  reasons;  the  respiratory  exchange  and  the  tension 
of  the  carbon  dioxide  in  the  venous  blood  was  nearly  the  same  during  and  follow- 
ing the  stage  of  decompensation.  Under  these  conditions,  if  the  blood  leaving 
the  lungs  contained  a  normal,  or  even  slightly  greater  than  normal,  tension  of 
carbon  dioxide  the  mass  movement  of  the  blood  would  have  to  be  normal  un- 
less the  tension  of  the  carbon  dioxide  in  the  venous  blood  was  raised.  There  can 
be  no  doubt  that  the  mass  movement  of  blood  in  our  case  was  seriously  impaired. 
From  both  a  physical  and  a  physiologic  standpoint  we  believe  our  explanation 
is  more  in  accord  with  the  facts  than  that  given  by  Peters,  but  he  is  quite  right 
in  believing  that  these  cases  are  examples  of  carbon  dioxide  acidosis. 

From  the  above  results  we  see  that  the  percentage  of  carbon  dioxide  in  the 
alveolar  air  is  not  a  good  guide  as  to  blood  acidosis,  at  least  in  cardiac  disease, 
pneumonia  and  congenital  heart  disease.  In  the  cardiac  case  a  low  carbon  dioxide 
alveolar  air  pressure  is  a  result  of  the  attempt  of  the  respiratory  center  to 
prevent  its  venous  carbon  dioxide  pressure  from  being  unduly  raised  because  of 
the  slow  circulation.  In  pneumonia  and  congenital  heart  disease,  the  respiratory 
center  reacts  to  keep  the  arterial  Itlood  at  a  normal  carbon  dioxide  tension. 
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EXPERIMENTAL  ASTHMA  IN  THE  GUINEA  PIG 


By  Henry  Sewall,  M.D.,  Denver,  Colo. 


THE  material  used  by  the  body  in  its  metabolism  enters  from  without  through 
definite  channels,  the  alimentary  canal  and  the  respirator^'  cul-de-sac. 

The  great  advances  in  our  knowledge  of  nutrition  have  been  made  possible 
through  a  better  understanding  of  digestive  proteolysis.  Hitherto  the  respira- 
tory epithelium  in  its  relation  to  nutrition  has  engaged  physiologists  chiefly  as 
the  seat  of  alveolar  gas  exchanges.  But  in  stepping  across  the  "no  man's  land" 
from  physiology  to  pathology  the  epithelium  of  the  upper  air  passages  acquires 
unrivaled  importance  in  its  relation  to  foreign  proteins  inhaled  with  the  air  and 
which,  when  absorbed,  cause  profound  metabolic  reactions  and  a  large  propor- 
tion of  the  disease  of  mankind..  The  current  statements^  that  in  healthy  man 
the  mucous  membrane  of  the  air  passages,  except  at  the  anterior  end  of  the 
nasal  canal,  is  sterile  are  extremely  significant  of  active  digestive  processes  car- 
ried out  under  its  control.  On  the  contrary,  the  wealth  of  bacteria  found  in 
the  secretions  of  respiratory  disease  suggests  that  the  epithelium  has  lost  destruc- 
tive power  over  germs  and  that  this  failure  is  a  concomitant  of,  if  not  a  necessary 
factor  in,  the  development  of  disease. 

We  seem,  unfortunately,  to  be  absolutely  ignorant  of  the  local  reactions  be- 
tween protein  substances  and  the  respiratory  epithelium  upon  which  they  are  im- 
planted and,  in  view  of  certain  literature,  it  is  worth  while  to  repeat  the  truism 
that  advance  of  knowledge  in  this  field  can  be  expected  through  experiment  only, 
however  important  may  be  the  aid  of  imagination. 

Without  understanding  in  the  least  the  reactive  attributes  of  the  mucous 
membrane  of  the  nose,  it  is  easy  to  apply  a  foreign  protein  to  this  surface  and 
afterwards  elicit,  through  the  reactions  of  immunity,  signs  of  its  absorption. 

It  seems  reasonable  to  assume  that  an  understanding  of  at  least  those  dis- 
eases which  are  due  to  invasion  through  the  respiratory  tract  should  be  most 
readily  attained  by  introducing  into  the  body  the  experimental  reagents  through 
the  same  avenue  as  that  traversed  by  the  disease-producing  material. 

It  was  considerations  such  as  these  which,  led  me  several  years  ago  to 
submit  to  study  the  immunologic  reactions  set  up  in  guinea  pigs  by  the  applica- 
tion of  foreign  proteins,  normal  horse  serum,  to  the  mucous  membrane  of  the 
nose. 

Generalized  reactions  such  as  those  to  be  described  evidently  are  similar  in 
patholog}'  to  such  as  have  recently  been  made  familiar  by  numerous  investiga- 
tions into  the  so-called  "hay  fever." 

The  epoch-making  work  of  Dunbar-  clearly  demonstrated  the  anaphylactic 
character  of  the  hay  fever  phenomena.  He  probably  makes  a  fundamental  error 
in  ascribing  the  susceptibility  of  hay  fever  patients  to  attacks  of  pollinosis  to  an 
abnormal  permeability  of  mucous  membranes  and  skin  in  such  subjects,  while 
immunity  from  the  disorder  is  supposed  to  depend  upon  the  successful  resist- 
ance of  the  epithelium  to  absorption  of  the  pollen  proteins.  My  work  with 
PowelF  on  guinea  pigs  indicates  that  proteins  of  horse  serum  are  absorbed  by 
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the  mucous  membrane  of  the  nose  with  every  appUcation  of  the  serum  and 
definitely  proves  that  as  few  as  six  instillations  of  serum  in  alternate  nostrils  to 
the  amount  of  0.19  c.c.  produces  a  systemic  effect  in  every  case.  These  effects 
were  pronounced  in  high  degree  when  six  instillations  were  given  at  intervals 
of  twenty-four  days,  each  nostril  receiving  its  three  doses  at  intervals  of  forty- 
eight  days. 

In  our  experiments  the  systemic  action  of  the  nasal  instillation  was  meas- 
ured by  the  reactions  induced  by  the  intravenous  injection  of  horse  serum.  The 
somatic  change  caused  by  the  instillation  of  serum  was  of  two  varieties.  The 
animal  was  rendered  hypersensitive  to  the  serum,  so  that  an  intravenous  injec- 
tion of  0.25  c.c.  would  cause  death  within  3  to  5  minutes,  or  produce  positive 
reactions  of  every  possible  grade  of  intensity.  Or  there  would  be  little  or  no 
perceptible  anaphylactic  disturbance,  and  later  a  succession  of  intravenous  in- 
jections at  wide  intervals  would  be  withstood,  showing  that  active  immunity 
had  been  established.  We  were  able  to  satisfy  ourselves  by  further  work*  that 
the  prominence  of  the  anaphylactic  symptoms  in  the  process  of  immunization 
depended  upon  the  amount  and  period  of  contact  of  the  serum  instilled  with  the 
mucous  membrane  of  the  nose,  that  is,  probably,  upon  the  amount  of  serum  ab- 
sorbed. Using  minimal  quantities  of  serum  (0.04  c.c.)  for  the  instillations,  a 
high  degree  of  immunity  towards  horse  serum  could  he  imparted,  with  nearly 
complete  elimination  of  the  symptoms  of  hypersensitiveness  when  the  guinea 
pig  was  given  a  considerable  intravenous  injection  of  the  antigen. 

Transferring  these  general  results  to  the  special  case  of  hay  fever,  the  con- 
clusion is  plausible  that  some  degree  of  absorption  of  pollen  protein  is  universal 
among  people  exposed  to  pollen ;  that  most  people  become  immune  to  pollinosis 
because  of  the  minimal  initial  absorption,  but  that  in  subjects  of  hay  fever  a 
large  initial  dosage  has  set  up  a  hypersensitiveness  towards  pollen  which  the 
tissues  of  the  body  always  tend  to  retain.  An  exact  analogy  is  to  be  found  in 
the  experiments  to  be  presently  detailed. 

Practical  work  on  this  subject  impresses  one  with  the  distinction  between 
general  and  local  hypersensitiveness.  Whenever  a  normal  guinea  pig  instilled 
with  serum  into  the  nose  develops  a  respiratory  reaction,  such  as  the  produc- 
tion of  rales,  that  animal  always  succumbs  to  the  intravenous  injection  of  serum, 
but,  as  will  be  shown  later,  animals  which  react  to  intranasal  serum  by  the  most 
violent  asthma  can.  by  appropriate  treatment,  be  made  temporarily  immune  to 
res])irator}-  disturbance,  though  they  quickly  succumb  to  intravenous  injection 
of  serum. 

Our  observations  indicate  that  normal  guinea  pigs,  no  less  tlian  those  tliat 
have  been  sensitized  by  subcutaneous  injection  of  serum,  can  be  made  to  develop 
attacks  of  asthma  by  instillation  of  horse  serum  into  the  nose;  but  in  the  latter, 
previously  sensitized,  animals  the  reactions  are  apt  to  be  more  violent  and  the 
latent  i)eri()d  of  local  sensitization  is  decidedly  shorter. 

In  a  former  article''  I  have  described  in  detail  the  reactions  to  be  exi)ectcd 
when  a  normal  guinea  pig  is  treated  with  horse  scrum  by  the  nose.  W  ith  the 
animal  held  gently  on  its  l)ack  upon  a  table,  the  head  well  extended,  small  drop- 
lets of  scrum  were  allowed  to  fall  slowly  from  a  hypodermic  syringe  upon  one 
or  the  other  of  its  nostrils.    A  variable  amount  of  resistance  in  the  way  of  strug- 
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gles  and  expulsive  movements  was  encountered ;  a  common  reaction,  more  prom- 
inent with  the  progress  of  sensitization,  w^as  an  excessive  secretion  of  saUva. 
One  of  the  most  characteristic  reactions  to  the  instillation  of  serum  in  sensitized 
animals  is  an  increase  in  intestinal  peristalsis.  In  pregnant  females  uterine,  and 
apparently  independent  fetal,  movements  are  pronounced  and  may  be  extremely 
violent  while  the  mother  lies  quite  placid.  Such  reactions  come  on  within  one 
to  three  minutes  after  beginning  of  instillation.  My  usual  method  was  to  instill 
0.1  to  0.2  c.c.  horse  serum  at  intervals  of  one  to  four  or  more  days,  alternate 
nostrils  being  instilled  at  successive  treatments.  In  a  small  proportion,  possibly 
one-fifth  of  the  normal  animals  receiving  this  spaced  treatment,  there  would 
develop,  with  the  instillation  given  about  the  sixteenth  day,  moist  rales,  ap- 
parently beginning  in  the  nose  and  extending  through  the  trachea  to  the  bronchi. 
At  the  same  time  a  more  or  less  pronounced  dyspnea  supervened,  the  respira- 
tion usually  being  slowed,  but  sometimes  quickened.  The  phenomena  are  so 
suggestive  of  those  of  bronchial  asthma  in  man  that  there  can  be  little  chance 
of  error  in  considering  these  attacks  true  bronchial  asthma.  These  asthmatic 
paroxysms  may  develop  under  conditions  most  unfavorable  for  the  development 
of  anaphylactic  demonstrations,  namely,  in  the  course  of  a  series  of  instillations 
separated  by  intervals  far  shorter  than  the  period  of  incubation.  This  fact 
alone  indicates  a  qualitative  difference  between  the  immunologic  reactions  which 
attend  nasal  as  contrasted  with  subcutaneous  inoculations.  When,  on  the  other 
hand,  a  normal  guinea  pig  is  caused  to  absorb  serum  through  the  nose  by  giv- 
ing it  three  or  four  instillations  on  successive  days  and  then  is  allowed  to  rest, 
a  final  instillation  after  twelve  to  sixteen  days  as  a  rule  provokes  at  least  the 
initial  signs  of  asthma. 

Even  a  single  instillation  of  horse  serum  produces  a  systemic  efifect,  for  if 
it  is  repeated  after  a  sufficient  interval  unmistakable  signs  of  sensitization  may 
be  disclosed.  A  group  of  eight  normal  guinea  pigs  was  instilled  each  with  three 
minims  of  horse  serum  into  the  right  nostril.  They  were  divided  into  four 
groups  of  two  pigs  each  and  the  instillation  was  repeated,  but  now  into  the  left 
nostril,  at  the  end  of  six,  nine,  twelve  and  seventeen  days.  There  was  no  cer- 
tain anaphylactic  reaction  at  the  second  instillation  in  the  first  two  groups.  But 
in  the  pigs  treated  after  twelve  days  a  few  tracheal  rales  developed,  and  the  same 
result  to  a  more  marked  degree  attended  the  instillation  after  seventeen  days' 
rest. 

In  another  experiment,  two  pigs  received  by  the  nose  0.25  c.c.  horse  serum. 
Sixteen  days  later  the  treatment  was  repeated  with  the  production  of  slight  ana- 
phylactic symptoms  such  as  excessive  secretion  of  saliva  and  rubbing  of  the  nose. 
Two  days  later  one  of  these  animals  received  an  intravenous  injection  of  serum. 
There  was  no  reaction,  though  the  animal  succumbed  to  a  subsequent  injection. 
The  important  conclusion  is  suggested  that  sensitization  of  the  peripheral  mech- 
anism may  reach  a  fairly  high  degree  through  a  single  instillation  of  serum  while 
there  is  as  yet  no  general  hypersensitiveness  demonstrable  by  Intravenous  injec- 
tion of  the  antigen. 

In  a  group  of  three  pigs  which  had  received  a  course  of  nasal  instillations  fol- 
lowed by  several  widely-spaced  intravenous  injections  of  serum  and  which,  ac- 
cordingly, had  developed  a  high  degree  of  immunity  towards  serum,  a  nasal  in- 
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stiUation  of  0.25  c.c.  in  each,  given  after  a  resting  period  of  several  months,  pro- 
voked no  response.  The  most  probable  explanation  of  the  result  is  that  the 
general  immunity  had  enveloped  the  respiratory  apparatus. 

It  may  be  well  to  repeat  here  an  observation  made  in'  another  place,^  that  the 
evidence  shows  that  states  of  sensitization  or  immunization  set  up  by  a  few  intra- 
nasal instillations  of  serum  are  of  short  duration,  lasting  fifty  to  seventy-five  days, 
while  corresponding  conditions  induced  or  strengthened  by  relatively  large  doses 
administered  parenterally  are  apparently  permanent. 

A\'e  have  seen  above,  evidence,  supported  by  a  great  number  of  additional 
experiments,  that  ever}^  intranasal  instillation  of  serum  in  normal  guinea  pigs  is 
attended  with  some  absorption  and  that  after  a  single  such  absorption  a  repeti- 
tion of  the  treatment  in  twelve  to  seventeen  days  leads  usually  to  reactions  in- 
dicating hypersensitiveness  of  the  respiratory  apparatus. 

When  the  intranasal  treatment  is  carried  out  on  guinea  pigs  which  have, 
weeks  previously,  been  made  hypersensitive  to  horse  serum  by  subcutaneous 
injection  there  is  more  or  less  quantitative  modification  of  the  respirator}-  reac- 
tions. General  sensitization  does  not,  as  a  rule,  induce  hypersensitiveness  of  the 
respiratory  apparatus  to  horse  serum  applied  to  the  mucous  membrane  of  the 
nose. 

The  nasal  mucous  membrane  must  apparently  be  independently  sensitized, 
but  the  latent  period  of  its  sensitization  may  be  materially  shortened.  Only  in 
one  out  of  scores  of  animals  tested  (pig  2  of  the  table)  was  asthma  induced  by 
the  very  first  instillation  of  serum  into  the  nose.  It  is  not  uncommon,  however, 
for  the  latent  period  to  be  shortened  to  from  one  to  five  days. 

A  subcutaneously'  sensitized  pig,  when  given  intranasal  treatment,  usually 
responds  clearly  to  a  second  instillation  given  about  eight  days  after  the  first 
The  anaphylactic  reactions  to  nasal  instillation  are  usually  more  severe  in  animals 
previously  generally  sensitized  than  in  those  termed  normal. 

The  fact  that  a  pig  previously  sensitized  by  subcutaneous  injection  rarely 
responds  to  nasal  instillation  of  serum  until  several  treatments  have  been  given, 
indicates  a  progressive  change  in  the  nasal  epithelium  which  may  be  of  the  nature 
of  "sensitization"  or  merely  the  sign  of  an  increased  permeability.  Such  an 
animal  responds  with  asthma  to  instillations  repeated  daily  more  readily  than 
when  a  wider  interval  of  rest  is  chosen.  It  is  as  if  the  closer  succession  of  in- 
stillations found  the  epithelium  in  Wright's  "negative  phase." 

If  one  may  venture  to  draw  a  parallel  between  serum  anaphylaxis  and  that 
of  hay  fever,  I  can  not  subscribe  completely  to  the  views  recently  expressed  bv 
Cooke,  Flood  and  Coca,  that  "hay  fever  is  the  clinical  symptomatic  expression 
of  local  hypersensitiveness.""  I  have  found  no  extreme  local  hypersensitiveness 
without  a  background  of  general  hypersensitiveness. 

There  would  seem  to  be  a  marked  difference  between  the  conditions  of  local 
anaphylaxis  in  the  mucous  membrane  of  the  nose  and  of  the  skin  in  their  rela- 
tions to  general  sensitization. 

Observers  experienced  in  the  skin  tests  for  general  hypersensitiveness 
seem  to  regard  the  first  scratch  to  lie  as  diagnostic  of  the  general  condition  as 
subsequent  ones. 

Reactions  of  the  hypersensitive  respiratory  apparatus  to  the  introduction 
of  horse  serum  into  the  air  passages  are  complex  events.     The  most  measurable 
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anaphylactic  symptom  is  that  of  excessive  secretion  leading  to  the  production 
of  rales  which  apparently  begin  in  the  nose  and  soon  extend  through  the  trachea 
to  the  bronchi.  With  this  disturbance  there  is  associated  more  or  less  dyspnea. 
The  dyspnea  is  evidently  occasioned  by  an  event  other  than  the  mechanical  ob- 
struction offered  by  the  bronchial  secretion;  it  is  often  most  intense  when  the 
rales  diminish,  and  auscultation  under  these  conditions  indicates  an  obstruction 
to  the  passage  of  air  into  the  alveoli.  In  a  paper  cited,^  attention  was  called  to 
the  fact  that  when  the  anaphylactic  reaction  was  brought  on  by  making  the 
guinea  pig  inhale  the  serum  in  a  finely  vaporized  cloud  through  a  funnel,  the 
respiratory  rales  did  not  develop  but  the  dyspnea  was  often  intense;  the  two 
methods  of  administering  the  serum  produced  in  the  one  case  a  dry  and  in  the 
other  a  moist  asthma.  It  is  obvious  that  the  bronchial  obstruction  occurring  in- 
dependently of  secretory  accumulation  is  due  to  the  phenomenon  discovered  by 
Auer  and  Lewis,'  stenosis  of  the  small  bronchi  which,  according  to  these  authors, 
is  caused  by  spasm  of  the  muscle  fibers,  encircling  the  tubes. 

The  writer  suspects  that  edema  of  the  cells  lining  the  bronchioles  forms  a 
prominent  if  not  a  determining  factor  in  the  stenosis,  but  it  is  not  yet  prepared  to 
assert  this  position. 

The  important  outcome  of  the  observations  is  the  demonstration  of  an  ex- 
perimental condition,  which  has  all  the  features  of  bronchial  asthma,  whose 
origin  is  undoubtedly  anaphylactic. 

It  would  seem  obvious  that  there  is  parallelism  if  not  identity  between  the 
pathology'  of  experimental  bronchial  stenosis  and  that  causing  the  paroxysms 
of  certain  forms  of  asthma,  but  the  probably  anaphylactic  nature  of  the  seizures 
was  not  apprehended  until  pointed  oot  by  Meltze.^ 

A  considerable  series  of  researches  on  the  etiology  of  hay  fever,  among 
which  should  be  mentioned  specifically  those  of  Goodale,''  Koessler,^"  and,  as  re- 
gards asthma,  ^^"alker"  were  indispensable  and  admirable,  but  sufifered  from  the 
limitations  of  observations  confined  to  human  beings.  Those  observers  who  have 
used  the  nasal  route  in  administering  the  antigen  to  patients  have  found  no  advan- 
tage in  it.  This,  I  conceive,  is  due  to  the  misapprehension  that  antigen  so  applied 
must  necessarily  provoke  symptoms  if  absorbed.  Only  by  animal  experimentation 
can  we  expect  to  unravel  the  fluctuating  relations  between  the  exciting  antigen  and 
the  sensitized  organism,  or  deduce  the  laws  according  to  which  hypersensitiveness 
can  be  produced  at  will.  The  experiments  to  be  described  were  conducted  through 
a  period  of  about  thirteen  months  and  were  performed  upon  a  group  of  guinea 
pigs  sensitized  to  horse  serum  by  subcutaneous  or  intraperitoneal  injection,  and 
were  designed  to  throw  light  upon  the  following  questions:  1.  Can  such  ani- 
mals be  caused,  in  eveiy  case,  to  develop  paroxysms  of  asthma  by  instillation  of 
horse  serum  into  the  nose?  2.  How  may  these  paroxysms  be  modified  by  vary- 
ing the  intervals  between  the  instillations  and  the  amount  of  serum  exhibited? 
3.  Is  it  possible  to  prevent  anaphylactic  seizures  by  doses  of  serum  too  small 
to  cause  them?  4.  Can  an  "immunity"  be  developed  against  experimental  asthma? 
5.  If  local  immunity  is  obtained,  does  it  involve  a  loss  of  general  sensitization? 

METHODS    AND    RESULTS. 

Only  six  guinea  pigs  were  employed  in  these  observations,  which  can  only 
be  regarded  as  a  basis  for  further  work.     The  time  and  amount  of  each  dose  of 
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serum  instilled,  and  the  reactions  thereto  are  recorded  in  the  table.     The  history 
of  each  animal  preliminary  to  beginning  the  instillations  was  briefly  as  follows: 

O.P.  I. — Born  October  26,  1915,  of  a  mother  which  after  a  course  of  nasal  instillations 
of  serum  had  withstood  three  intravenous  injections  in  the  course  of  three  months,  the  last 
injection  of  0.75  c.c.  being  given,  with  very  slight  reaction,  two  days  before  birth  of  G.P.  I. 
This  pig  when  15  days  old,  received  a  subcutaneous  injection  of  0.1  c.c.  horse  serum.  The 
first  instillation  of  the  present  series  of  experiments  was  given  when  the  pig  was  162  days  old. 

G.P.  II. — Likewise  offspring  of  an  immunized  mother  which  had  received  five  intrave- 
nous injections  in  five  months,  the  last  two  of  0.75  c.c.  each,  the  last  27  days  before  the  birtli 
of  G.P.  II.  G.P.  II  received  0.1  c.c.  serum  subcutaneously  when  15  days  old.  First  treat- 
ment of  the  series  when  pig  was  121  days  old. 

G.P.  III. — From  the  same  mother  as  G.P.  I,  born  about  82  days  later.  Received  0.1  c.c. 
serum  subcutaneously  when  25  days  old.  Born  84  days  after  mother  had  received  last  in- 
travenous injection  of  0.75  c.c.    Was  80  days  old  at  first  instillation  of  this  series. 

G.P.  IV. — Same  mother  as  G.P.  II  but  born  later,  94  days  after  mother's  fifth  intrave- 
nous injection.  Received  subcutaneously  0.1  c.c.  horse  serum  when  13  days  old.  Began  in- 
stillation treatment  when  80  days  old. 

G.P.  V. — Born  of  normal  mother.  When  about  60  days  old  received  on  four  successive 
days  intraperitoneal  and  one  subcutaneous  injection  of  horse  serum  totaling  12  c.c.  Nasal 
treatments  begun  when  about  115  days  old. 

G.P.  VI. — From  one  of  the  serum  immunized  mothers  described  above  but  undetermined 
which.  Gave  subcutaneously  0.1  c.c.  horse  serum  when  about  69  days  old  and  began  the 
course  of  nasal  instillations  on  the  same  day. 

DESCRIPTION   OF   TABLE. 

The  whole  course  and  outcome  of  the  experiments  is  represented  in  the 
accompanying  table. 

The  instillations  (with  Cutter's  normal  horse  serum)  were  exhibited  in  two 
dosages.  The  smaller  dose,  two  droplets  from  the  hypodermic  needle,  repre- 
sented about  0.04  c.c.  of  serum.  The  larger  dose  was  a  measured  quantity  of 
0.2  c.c. 

In  the  graphic  record  each  cross  on  the  abscissa  line  represents  one  day, 
and  the  numerals  between  the  crosses  indicate  a  corresponding  number  of  resting 
days  between  successive  treatments.  The  black  crosses  represent  the  instillations 
of  smaller  quantity,  0.4  c.c;  the  red  crosses,  those  of  larger  quantity. 

A  single  cross  signifies  that  no  biologic  reaction  attended  the  administration 
of  serum.  An  interrogation  mark  above  it  indicates  that  while  no  asthmatic 
attack  developed,  there  were  slight  and  obscure  signs  of  anaphylaxis.  The  axis 
of  ordinates  contains  the  evidences  of  biologic  reaction.  Two  crosses,  one 
above  the  other,  indicate  a  slight  but  obvious  degree  of  asthma,  three  crosses 
much  more  pronounced  or  moderate  asthma,  and  four  crosses  signify  a  very 
severe  seizAire  such  as,  at  times,  seeme<l  to  threaten  life.  To  illuslrato  by  a 
definite  example,  in  the  case  of  G.P.  V,  three  instillations  of  0.2  c.c.  serum  were 
given  on  .successive  days.  With  the  second  instillation  there  was  developed  a 
slight  asthma.  On  the  fourth  day  there  was  given  a  small  instillation  of  0.04 
c.c.  followed  by  one  day  of  rest  when  the  instillation  was  repeated,  provoking 
slight  evidence  of  sensitization.  After  four  .small  instillations  on  alternate  days, 
a  fourth  large  instillation  was  given  resulting  in  a  severe  attack  of  asthma.  The 
times  taken  to  administer  ihc  dosages  were,  one  and  a  half  minutes  for  the 
small  and  three  minutes  for  the  larger  instillations.     Asthmatic  symptoms  fre- 
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quently  developed  during  the  act  of  instillation  but  usually  within  a  minute  or 
two  after  its  completion.  Their  onset  was  seldom  deferred  more  than  fifteen 
minutes  after  administering  serum. 

REVIEW  OF  THE  TABLE  OF  EXPERIMENTS. 

Guinea  pigs  I  and  III  should  be  considered  together,  since  each  seemed  to 
possess  unusual  constitutional  resistance  against  the  sensitizing  effect  of  serum 
and,  after  sensitization  was  secured,  each  developed  a  strong  resistance  against 
the  exciting  influence  of  nasal  instillations  and  apparently  a  complete  immunity 
to  the  induction  of  asthma.  Both  pigs  were  born  of  the  same  mother,  but  in 
different  litters. 

Each  animal  was  observed  through  a  period  of  277  days  during  which  guinea 
pig  I  received  21  large  instillations.  This  animal  was  not  affected  by  the  three 
initial  instillations  and  but  very  slightly  by  a  fourth  given  9  days  later,  but  a 
fifth  large  instillation  after  another  resting  period  of  10  days  produced  a  well- 
marked  attack  of  asthma.  Guinea  pig  I  responded,  altogether,  with  six  well- 
defined  paroxysms  of  asthma,  but  during  the  last  168  days  of  treatment  11  large 
instillations  were  given,  none  of  which  caused  asthma.  Guinea  pig  III  received 
21  large  and  43  small  instillations;  the  object  of  the  latter  was,  by  a  nonprovoca- 
tive  dose,  to  avert  the  symptoms  induced  by  the  large  instillations. 

The  sensitization  in  guinea  pig  III  proceeded  steadily,  was  not  averted  by 
four  small  instillations  on  alternate  days  and  on  the  ninth  day  after  the  pre- 
liminary dosage  led  to  pronounced  asthma  under  the  stimulus  of  a  large  in- 
stillation. Guinea  pig  III  developed  but  three  attacks  of  asthma  at  widely  sepa-. 
rate  intervals.  During  the  last  159  days  of  treatment  the  animal  received  16 
small  and  10  large  instillations  without  asthma.  It  appeared,  therefore,  that 
in  both  guinea  pigs  I  and  III  the  asthma-mechanisms  were  immune  to  the  stim- 
ulus of  horse  serum.  It  was  obviously  of  interest  to  determine  whether  this 
local  resistance  predicated  a  loss  of  general  sensibility  towards  the  antigen. 

Accordingly  17  days  after  the  last  instillation,  guinea  pigs  I  and  III  received 
an  intravenous  injection  of  0.25  c.c.  horse  serum  and  each  promptly  died  m 
typical  shock.  At  the  autopsies  no  macroscopic  abnormality  could  be  discerned 
except  deep  congestion  of  liver  and  kidneys  in  each  and  excess  of  mediastinal 
fat  in  III.  There  was  no  evidence  of  fatty  degeneration.  These  results  are 
rather  surprising  in  view  of  the  visceral  degenerations  obtained  by  Longcope^^ 
following  repeated  injections  of  foreign  proteins.  It  may  be  surmised  that  the 
pathologic  tissue  change  depends  upon  the  amount  of  foreign  protein  introduced 
rather  than  on  the  reaction  of  anaphylaxis. 

Guinea  pigs  II  and  IV  were  from  the  same  immunized  mother  but  of  dif- 
ferent litters. 

Guinea  pig  II  was  extraordinarily  sensitive  to  intranasal  dosage. 

Among  many  guinea  pigs  similarly  tested,  this  was  the  only  one  that  ever 
responded  with  asthma  at  the  very  first  instillation  of  horse  serum  into  the  nose. 
It  will  be  noticed  that  early  in  the  series  of  observations  even  a  small  instilla-. 
tion  was  once  able  to  provoke  an  attack  of  asthma. 

The  animal  was  observed  through  397  days,  receiving  in  that  time  35  large 
and  74  small  instillations  of  serum.  It  will  be  observed  that  the  small  instilla- 
tion of  serum  given  on  alternate  days  has  a  restraining  influence  on  the  response 
to  the  larger  instillations  and  that  this  property  is  not  so  marked  when  the  small 
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Abscissas  rcpresciU  time,  ordinalcs  reaclioiis.     Each  cross  indicates  one  day,  and  numerals  between  crosses  signify  resting  days  between  successive  treatments. 

1  he  black  crosses  represent  small  instillations  (0.04  c.c.) ;  the  red  crosses,  large  instillaUons  (02  cc). 

A  single  cross  indicates  no  reaction;  two  crosses  in  the  same  ordinate  indicate  slight;  three,  moderate;  and  four,  severe  asthma. 

Read  from  left  to  right. 


to  the  larger  instillations  and  that  this  property  is  not  so  marked  Avhen  the  small 
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instillations  are  given  daily,  as  was  done  towards  the  end  of  the  experiment.  It 
is  obvious,  also,  that  although  the  hypersensitiveness  of  the  respiratory  apparatus 
became  for  a  time  allayed,  it  returned  later  in  full  force. 

The  important  conclusion  may  be  drawn  from  the  record  of  this  animal, 
strengthened  by  the  results  in  other  cases,  that  the  small  instillations  of  serunl 
have  a  positively  inhibiting  effect  over  the  development  of  anaphylaxis,  but  that 
hypersensitiveness  is  maintained  by  repeated  applications  of  the  larger  dosage. 

The  inhibiting  eft'ect  of  the  small  instillations  of  serum  is  well  illustrated 
Irt  the  history  of  guinea  pig  IV.  This  animal  was  observed  through  397  days, 
receiving  in  that  time  38  large  and  20  small  instillations  of  serum.  For  the 
lirst  240  days  of  treatment,  the  pigs  received  only  large  instillations  of  serum, 
to  the  number  of  twenty-four,  every  one  of  which  was  attended  by  a  well- 
marked  attack  of  asthma,  some  of  the  paroxysms  being  very  severe.  It  will  be 
observed  that  when  four  small  instillations  of  serum,  indicated  by  black  crosses, 
were  given  on  alternate  days,  the  succeeding  two  large  instillations  for  the  first 
time  provoked  no  asthmatic  response,  and  that  finally  a  strong  degree  of  resist- 
ance against  the  large  dosage  was  developed. 

It  may  be  objected  that  the  inhibiting  effect  of  the  small  instillations  of 
serum  over  the  development  of  the  asthmatic  attack  is  merely  an  illustration  of 
"antianaphylaxis." 

A  substantial  basis  for  this  interpretation  is  afforded  by  the  fact  that,  as 
a  rule,  only  a  24  to  48  hours  interval  was  allowed  to  elapse  between  the  last 
of  a  series  of  small,  preventive,  instillations  and  the  large  provocative  one.  Skip- 
ping to  a  consideration  of  the  history  of  guinea  pig  VI,  we  find  that  the  known 
conditions  of  antianaphylaxis  do  not  explain  the  sedative  influence  of  the  small 
instillations. 

Guinea  pig  VI  was  observed  through  382  days,  during  which  it  received 
25  large  and  47  small  instillations.  The  initial  treatment  differed  from  that 
given  the  other  animals,  and  a  paroxysm  of  asthma  was  not  produced  until  the 
fifth  instillation  on  the  twenty-ninth  day.  It  should  be  recalled  that  the  intra- 
nasal treatment  of  this  animal  began  immediately  after  it  had  received  its  sub- 
cutaneous injection  of  serum.  During  the  incubation  period  oT  the  latter  there 
was  no  respiratory  reaction.  That  the  animal  was  extremely  hypersensitive  is 
shown  by  the  fact  that  on  four  occasions  asthma  was  caused  by  small  instilla- 
tions. In  this  pig  the  groups  of  small  instillations  were,  as  a  rule,  separated 
from  the  large  provocative  dosages  by  resting  intervals  of  ten  days  or  more.  It 
seems  obvious  from  the  result  that  there  was  an  inhibiting  effect  of  the  small 
instillations  which  reached  over  the  ten  days'  interval,  whereas,  as  in  the  cases 
of  the  other  animals,  the  larger  instillations  apparently  progressively  increased 
the  sensibility ;  though  the  antianaphylactic  effect  of  the  larger  dosage  should 
presumably  have  been  greater. 

Again  we  find  a  somewhat  less  inhibiting  effect  produced  by  small  instilla- 
tions repeated  daily  than  when  given  on  alternate  days. 

These  data  of  time  and  amount  of  dosage  have,  of  course,  great  practical 
importance  for  those  who  would  use  tliem  as  guides  to  therapeutic  application. 

We  have,  finally,  to  consider  guinea  i)ig  V  which  differed  from  the  others^ 
in  being  born  of  a  normal  mother  and  in  having  been  sensitized  b\-  relatively  mas- 
sive injections  of  horse  serum  into  tin-  abdomen  nnd  under  the  skin.  In  397 
days  this  pig  received  34  large  and  7S  small  instillations  of  serum. 
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The  biologic  character  of  the  reactions  closely  resembles  those  found  in  the 
other  cases.  There  is  the  same  tendency  of  the  small  instillations  to  inhibit  and 
of  the  large  ones  to  excite  anaphylaxis.  The  persistence  of  the  state  of  hyper- 
sensitiveness  is  well  illustrated  in  this  animal.  The  very  last  instillation  to  which 
he  was  subjected  produced  the  severest  reaction  of  all;  for  many  minutes  there 
was  evidently  a  bronchial  spasm  so  severe  that  it  seemed  as  though  the  animal 
must  expire  for  want  of  breath.     No  convulsions  marked  this  stage. 

This  tedious  work  has  resulted  in  no  discovery,  but  it  seems  worth  record- 
ing as  a  purely  experimental  essay  in  an  important  field  of  anaphylaxis.  Some 
of  the  essential  principles  illustrated  by  these  experiments  were  expounded  by 
James  Paget  in  a  clinical  lecture^-  more  than  forty-six  years  ago.  He  dwells 
upon  the  immunity  to  dissection  intoxications  induced  by  frequent  exposures  and 
the  reacquirement  of  sensitiveness  by  a  sufficiently  prolonged  period  of  rest. 

SUMMARY. 

It  has  been  shown  that  guinea  pigs,  especially  after  previous  sensitization, 
may  react  to  intranasal  instillation  of  horse  serum  by  the  development  of  respira- 
tor}' seizures  which  have  the  essential  characters  of  bronchial  asthma. 

In  some  cases  an  apparent  immunity  of  the  respiratory  apparatus  may  be 
developed  while  general  hypersensitiveness  still  remains,  as  proved  by  the  fatal 
effect  of  intravenous  injection  of  serum.  In  most  cases  the  hypersensitiveness 
of  the  respiratory  apparatus  once  acquired  tends  eventually  to  return,  at  least 
through  a  period  of  thirteen  months. 

Small  nasal  instillations  of  serum,  0.04  c.c,  not  themselves  usually  capable 
of  inducing  asthmatic  paroxysms,  apparently  have  a  distinctly  inhibiting  effect 
on  the  development  of  asthma  by  large  instillations,  0.2  c.c,  which  themselves 
tend  to  maintain  hypersensitiveness  and  override  resistance. 

It  is  an  opinion  supported  by  many  additional  observations,  that  serum  is 
actually  absorbed  by  the  mucous  membrane  of  the  nose  whenever  placed  in 
contact  with  it  and  that  the  immunologic  reactions  are  internal  to  the  surface. 

The  conclusion,  emphasized  in  other  papers,  is  here  strengthened  that  in 
therapeutic  prophylaxis  better  results  may  probably  be  expected  by  choosing  a 
dosage  of  antigen  which  just  fails  to  produce  an  obvious  reaction  than  by  one 
which  entails  a  marked  disorder. 

It  is  a  pleasure  to  acknowledge  indebtedness  to  Dr.  Cuthbert  Powell  for 
performing  the  operative  work  necessary  in  two  cases. 
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CASES  OF  CHRONIC  INFECTION  APPARENTLY  FOCAL  IN  THE 

GALL  BLADDER* 


By  Paul  G.  Woolley,  M.D.,  Cincinnati,  Ohio. 


CASE    I. 


J.  R.,  Hospital  Xo.  B-1182,  a  white  man  70  years  of  age,  was  admitted  to  the  Cin- 
cinnati General  Hospital  on  Feb.  17,  1917,  in  a  semiconscious  state  and  distinctly  under 
the  influence  of  alcohol.  On  admission  the  pulse  was  88  and  of  fair  volume  and  quality. 
The  reflexes  were  normal.  There  was  no  bleeding  from  the  ears,  nose,  eyes,  or  mouth. 
The  scalp  was  bruised  but  not  broken.  There  were  no  pressure  symptoms.  The  day  after 
admission  the  patient  appeared  to  be  clearer,  mentally,  but  could  not  speak  distinctly. 
Upon  the  lower  lip  was  an  ulcerated  area  which  had  been  the  seat  of  a  previous  opera- 
tion for  cancer.  Both  eyes  were  contused  and  "black."  The  patient  was  not  able  to 
grasp  or  hold  objects.  He  took  food  well.  An  x-ray  plate  showed  nothing  definite.  At 
times  the  patient  was  delirious,  and  he  voided  involuntarily. 

On  Feb.  20,  1917,  the  pulse  began  to  increase  in  rate  and  the  patient  sank  rapidly 
and  died  at  10:30  p.m. 

Clinical  Diagnosis. — Concussion;  probable  fracture  of  the  vault;  arteriosclerosis; 
alcoholism ;   carcinoma  of  the  lip ;    senility. 

AUTOPSY    PROTOCOL. 

The  body  was  that  of  a  well-built,  fairly  well-nourished  old  man  of  apparently  60 
to  65  years  of  age.  Over  the  anterior  surface  of  the  body,  particularly  over  the  left 
anterior  superior  spine,  in  a  region  just  beneath  the  left  nipple  and  at  various  points  over 
the  thorax,  particularly  to  the  left,  were  numerous  greenish  bruises.  There  was  a  bruise 
just  above  the  right  wrist.  Over  the  vertex  of  the  skull  was  a  linear  lacerated  wound 
which  was  closed  with  sutures  and  which  did  not  extend  to  the  periosteum.  The  pupils 
were  equal  and  slightly  dilated.  The  mouth  was  in  an  exceedingly  bad  condition.  There 
were  many  carious  snags  remaining  in  the  gums  and  one  or  two  long  irregular  teeth. 
There  was  a  hemorrhagic  suffusion  about  both  eyes.  Practically  the  whole  of  the  lower 
lip  near  the  margin  was  the  seat  of  a  hyperplastic  epithelial  process  the  surface  of  which 
was  ulcerated  and  irregular.  Just  at  the  right  angle  of  the  mouth  was  a  scar  remaining 
from  an  old  operation.  The  skin  covering  the  lower  half  of  each  leg  was  browiiish, 
atrophic  and  squamous  and  had  a  board-like  feel  but  there  was  no  edema.  Just  above 
the  left  internal  malleolus  was  an  area  of  ulceration  covered  with  dried  crusts.  Thirteen 
centimeters  above  the  right  internal  malleolus  were  two  crusted  lesions  that  superficially 
resembled  psoriasis  except  that  the  crusts  were  more  hyperplastic.  Beneath  these  crusts 
the  epithelium  appeared  to  have  formed  long  hyperplastic  papillae.  Both  legs  above  these 
areas  of  pigmentation  showed  numerous  dilated  veins. 

When  the  calvarium  was  removed,  it  was  found  that  the  dura  was  very  unusually 
adherent.  The  pia  was  everywhere  edematous  hut  there  was  no  evidence  of  hemorrhage. 
There  was  an  increased  amount  of  spinal  fluid  and  the  blood  vessels  of  the  base  showed 
patchy  arteriosclerosis  which  was  particularly  prominent  in  the  middle  cerebrals.  There 
was  an  increased  artiount  of  fluid  in  the  ventricles  which  were  quite  dilated.  There  was 
no  evidence  of  hemorrhage  in  the  brain.  There  was  no  evidence  of  fracture  of  the  sk-ull. 
Rigor  mortis  was  present ;  posterior  lividity  was  brilliant.  The  subcutaneous  fat  was  ex- 
ceedingly well  developed.  The  omentum  formed  an  apron  over  the  anterior  surface  of 
the  intestines  and  was  well  supplied  with  fat.  The  appendix  was  iit  situ  and  itui  up 
closely  adherent  to  tlic  jio^tcrior  surface  of  the  cecum.  There  was  no  otiicr  abdominal 
lesion. 

When  the  sternum  was  removed,  the  lungs  did  not  collapse.  Tlure  was  no  fluid 
in  either  pleural  cavity.     The  5th,  6th,  7th,  8th   and  9th   ribs  were   fractured   in  a  line  cor- 

*I*rnm  tlie  Mary  M.  Emery  De|iartini-nt  of  Pathology  of  llic  I'nivcrsity  of  Citicinati,  ami  the 
Patliologic     Institute    of    tin-    Cincinnati    ("■t-iii-ral     Hoviiital. 
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Fig.   1. — Gall   stones  from  Case  I. 


Fig.  2.— Gall  bladder  of   Case   L      Note   the  two  areas  of  ulceration  and  also  the  odd-shaped  gall   stones. 


responding  to  the  anterior  axillary  line,  but  the  pleura  wasi  not  broken  at  any  place. 
There  were  no  adhesions  in  the  left  pleural  cavity  but  there  were  numerous  old  apical 
and  diaphragmatic  adhesions  in  the  right.  There  was  no  increase  of  pericardial  fluid. 
There  seemed  to  be  no  appreciable  enlargement  of  the  cervical  lymph  glands.  The  large 
intestine  was  tremendously  distended  with  gas.  There  was  a  very  large  increase  of  pen- 
renal  fat. 

The    right    kidney   was    of    fair    size,    the    capsule    removed    with    ease.      The    whole 
organ   was   pale   and   evidently   edematous.     The   cortex   was   narrowed.      The   line   of   de- 
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marcation  between  cortex  and  medulla  was  distinct.  The  glomeruli  were  occasionally 
visible  as  congested  points.  There  was  evident  sclerosis  of  the  pyramids.  The  friability 
of  the  whole  organ  was  decreased.  There  were  very  numerous  petechial  hemorrhages  in 
the  pelvis.  The  left  kidney  resembled  in  every  respect  the  right.  There  were  a  fev/ 
small  retention  cysts  in  each  kidney.  The  spleen  was  small  and  flabby,  the  capsule  smooth, 
and  the  pulp  rather  pale,  but  otherwise  there  was  nothing  unusual. 

The  liver  was  small,  the  surface  was  everj^where  pale  and  smooth.  On  section  the 
parenchyma  had  a  diffuse  cloudy  appearance  and  nothing  more.  The  friability  of  the 
organ  was  decreased.  The  gall  bladder  was  small  and  contracted  and  contained  a  num- 
ber of  calculi ;  pressure  upon  the  gall  bladder  caused  the  appearance  of  a  thinnish  muco- 
purulent material.  The  bile  ducts  themselves  were  patent.  The  calculi  in  the  gall  badder 
were  typical  jack-stones  in  appearance  and  were  quite  firm.  The  gall  bladder  itself 
showed  a  thickened  fibroid  wall  and  the  distal  half  was  the  seat  of  a  complete  circular 
ulceration.  The  base  of  the  ulceration  was  yellowish,  soft  and  mucoid.  The  urinary 
bladder  contained  a  large  amount  of  somewhat  cloudy  amber  fluid.  The  mucous  mem- 
brane, however,  was  healthy.     The  prostate  was  moderately  enlarged. 

The  heart  was  rather  large  and  was  dilated  on  the  right.  The  tricuspid  and  pul- 
monary orifices  seemed  to  be  health}^  There  was  no  essential  lesion  of  the  mitral  or 
aortic  leaflets.  In  the  aorta  just  to  the  right  of  the  innominate  was  a  large  atheromatous 
ulcer  which  extended  into  the  innominate.  Throughout  the  rest  of  the  aorta  there  were 
scattered  areas  of  subintimal  fatty  degeneration  with  quite  numerous  atheromatous  ab- 
scesses and  ulcers.  These  were  particularly  well  marked  in  the  eight  centimeters  above 
the  bifurcation   and   in  this   area  the   ulcers   were   all   pigmented. 

The  right  lung  was  diffusely  edematous  and  the  posterior  half  of  the  upper  lobe 
seemed  to  be  partially  consolidated.  Over  the  pleura  vras  a  very  fine  fibrinous  exudate. 
There  was  some  slight  exudate  also  over  the  lower  lobe  which  was  less  obviously  con- 
solidated. Otherwise  the  pleura  was  smooth.  On  section  it  appeared  that  the  posterior 
half  of  the  upper  lobe  was  almost  completely  consolidated  and  in  a  state  of  red  hepatiza- 
tion with  some  small  areas  of  gray.  The  lower  lobe  showed  a  more  diffuse  red  hepatiza- 
tion with  more  edema.  The  bronchi  were  all  intensely  congested  and  contained  a  cloudy 
blood-stained  serous  fluid.  The  apex  was  scarred.  The  left  apex  was  also  scarred  and 
hyperplastic.  The  upper  left  lobe  was  completely  crepitant  and  the  lower  lobe  was  not 
completely  crepitant  though  it  contained  air  throughout.  This  lobe  ^vas  distinctly  edema- 
tous and  evidently  in  a  stage  of  inflammatory  edema.  The  pleura  show'ed  some  fine 
fibrinous  exudate. 

The  stomach  and  intestines  showed  nothing  unusual.  The  pancreas  was  apparently 
health}'. 

Anatomic  Di.\gnosis. — Chronic  suppurative  cholecystitis ;  cholelithiasis  ;  acute  lobar 
pneumonia ;  acute  fibrinous  pleuritis ;  arteriosclerotic  kidney ;  aortic  atherosclerosis ;  myo- 
cardial fibrosis;  acute  nephritis;  edema  of  the  brain  and  meninges;  multiple  superficial  con- 
tusions; fracture  of  the  5th,  6th,  7th,  8th.  and  9th  ribs;  epithelioma  of  the  lip. 

REMARKS. 

In  this  case  no  cause  is  recorded  which  may  be  related  to  the  gall  bladder 
condition.  The  protocol  is  presented  because,  so  it  seems,  the  evidence  contained 
in  it  points  to  the  possibility  that  given  a  focal  infection  and  a  generally  decreased 
resistance — a  lowering  of  vitality, — the  chances  of  a  serious  acute  infection  by  the 
hematogenous  route  are  multiplied,  \\hat  seems  to  have  hapijened  in  this  case 
is  that  an  old  alcoholic  man  was  "beaten  up"  and  so  badly  damaged  that  oppor- 
tunity was  given  for  organisms  whose  home  was  in  the  gall  bladder,  to  attack 
the  lungs  and  set  up  an  acute  lobar  pneumonia,  of  a  somewhat  unusual  type. 

CASE    II. 

11.  H.,  H()spit;il  Xo.  I')  SXl,  a  white  wnman  .r^  \cars  of  :1:4c,  was  admitted  to  the 
Cincinnati  'rcncral  Hospital  (Hi  l-'iliniaiN  (\  V)\7.  Her  lotniilaint  was  tliat  she  had  fainted 
in  a  ^lioji  wlicrc  she  was   makin.i.;  a  iiunha>-c. 
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Family  History.— Her  mother  died  at  the  age  of  58  in  a  sanatorium  to  which  she 
had   been   sent    for   melancholia. 

Personal  History. — She  was  married  in  1882,  and  had  one  child  who  died  of  diph- 
theria at  the  age  of  12.  She  had  had  no  other  pregnancies.  The  husband  died  at  the  age 
of  55,  of  pneumonia.  She  gave  no  history  of  diseases  of  childhood.  At  the  age  of  15 
she  had  typhoid,  and  later  at  different  times  had  rather  mild  attacks  of  rheumatism. 
About  five  years  before  admission  she  had  severe  continued  pain  in  the  little  toe  of  the 
right  foot,  and  the  toe  was  amputated.  Since  that  time  the  sensation  of  pain  and  also 
twitching  has  persisted  at  the  site  of  the  operation  and  this  caused  insomnia  and  nervous- 
ness. On  the  morning  of  the  day  w'hen  she  fainted  she  had  gone  to  the  bank,  and  while 
there  had  been  faint  and  dizzy.  Later  she  went  to  the  shop  and  fainted.  The  attack 
lasted  but  a  few  seconds.  There  was  no  history  of  trauma.  For  four  days  before  ad- 
mission she  had  a  constant  occipital  headache,  and  for  three  days  she  had  shooting  pains 
in  the  right  frontal  region. 

Present  State. — The  patient  is  a  small,  fairly  well-nourished,  white  woman.  Mental 
State. — Attention  is  fair,  but  she  tends  to  ramble  in  her  talk.  Memory  is  fair  for  past 
events ;  dates  are  very  indefinite.  Patient  seems  to  be  slightly  dulled.  Questions  must 
be  repeated,  answers  are  often  irrelevant.  Special  Senses. — Slight  diminution  for  count- 
ing fingers  at  a  distance  of  two  feet;  more  with  right  eye.  Patient  seems  slightly  deafened; 
taste  and  smell  subjectively  normal.  Cranial  Nerves. — Pupils  equal,  small,  fixed  to  light 
and  accommodation.  No  consensual  or  s\-mpathetic  reaction.  Sensation  over  the  face 
seems  normal ;  occular  movements  normal.  Face  appears  symmetrical.  Facial  move- 
ments normal  except  in  showing  her  teeth  the  patient  draws  up  right  side  of  the  mouth 
more.  Articulation,  phonation  and  deglutition  normal.  Shoulders  shrugged  equally;  pulse 
normal.  Tongue  protruded  in  midline,  no  tremor.  Sensory  System. — Scattered  analgesia 
over  legs,  arms,  abdomen  and  chest;  joint  sense  normal.  Patient  complains  of  pain  in 
left  shoulder  joint.  Motor  System. — Patient  says  the  left  arm  is  weak  and  will  not  attempt 
to  grasp  with  it.  No  unusual  wasting ;  strength  in  legs  normal.  No  contractions,  tremors, 
or  spasms.  Reflexes. — No  knee  jerks;  abdominals  diminished  if  not  absent.  Clonus  and 
Babinski  negative. 

February  7. — The  upper  third  of  the  left  arm  is  discolored  a  purplish-red,  is  swollen, 
hot  and  tender.  On  palpating  line  of  tenderness  is  felt  near  the  head  of  the  humerus 
with  definite  crepitation.     Sent  for  x-ray. 

February  18. — Transferred  to  surgical  service.  Taken  to  x-ray  department  and  her 
arm  put  up  in  a  case  encircling  her  chest,  which  held  the  arm  tight  to  the  side.  X-ray 
showed  a  fracture  of  head  of  left  humerus  with  some  displacement  of  fragments. 

February  22. — The  patient  became  very  weak,  her  heart  rapid,  and  pulse  feeble  and 
compressible.     She  died  at  10:25  p.m. 

Clinical  Diagnosis. — Tabes  dorsalis  (paresis?)  ;  fracture  of  the  neck  of  the  left 
humerus. 

AUTOPSY    PROTOCOL. 

The  body  was  that  of  a  fairly  well  built,  moderately  nourished  old  woman  of  ap- 
parently 60  to  65  years  of  age.  There  was  a  slight  edema  of  the  ankles.  Rigor  mortis 
was  present ;  posterior  lividity  was  present  but  not  brilliant.  Over  the  right  buttock  was  a 
small  clean  bedsore.  Over  the  left  buttock  was  an  area  of  excoriation  about  4  or  5  cm. 
in  diameter.  The  upper  left  arm,  from  a  point  just  about  the  neck  of  the  humerus  to 
a  point  half  way  between  the  elbow  and  wrist,  was  almost  diffusely  discolored,  purplish 
and  greenish,  and  was  edematous.  Rotation  of  the  arm  showed  crepitus  at  about  the 
neck  of  the  humerus.  The  left  wrist  showed  a  distinct  silverfork  deformity  and  the  left 
hand  w-as  atrophic.  There  was  a  large  bruised  area  with  edema  over  the  upper  left  part 
of  the  thorax  anteriorly  betw^een  the  clavicle  and  breast.  External  to  this^  there  were 
some  purplish  ecchymoses  and  low  in  the  axilla  was  another  patch  of  subcutaneous  suf- 
fusion. 

When  the  spinal  cord  was  removed  it  was  found  that  there  was  a  large  increase 
of  clear  spinal  fluid  so  that  the  dura  was  much  distended.  There  was  an  increased  amount 
of  fluid  beneath  the  dura  of  the  brain.  Also  the  pla  was  decidedly  edematous,  particularly 
over  the  vertex  and  the  convolutions,  particularly  the  frontal,  were  somewhat  atrophic. 
The    sulci    over    the    right    vertex    were    rather    widened    and    deepened    but    there    was    no 
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evidence  of  inflammatory  cliange.  The  pia  was  slightly  clouded,.  The  blood  vessels  of 
the  base  were  tremendously  arteriosclerotic,  to  such  an  extent  that  in  removing  the  brain 
the  basilar  artery  fractured  across  and  tore  readily.  The  cerebellar  branches,  but  par- 
ticularl}'  the  middle  and  posterior  cerebrals,  were  exceedingly  sclerotic  and  tortuous. 

The  peripheral  lymph  glands  were  not  appreciably  enlarged.  The  pupils  were  equally 
contracted.  The  lower  front  teeth  were  all  that  remained  and  they  were  in  a  fairly  good 
condition.  There  was  no  pyorrhea  but  there  was  a  fairly  large  amount  of  tartar  about 
all  of  the  teeth  and  the  gums  were  pigmented.  The  subcutaneous  fat  was  very  well  de- 
veloped ;  the  muscles  were  pale.  The  mammary  glands  were  evidently  healthy.  The 
lower  margin  of  the  liver  lay  10  cm.  below  the  ensiform  process  and  4^2  cm.  above  the 
costal  margin  in  the  right  mammillary  line.     The  appendix  was  in  sftit  and  evidently  healthy. 

When  the  sternum  was  removed,  the  lungs  did  not  collapse  and  in  'the  mediastinal 
fat  there  was  a  small  amount  of  hemorrhage  that  reached  from  just  beneath  the  manu- 
brium to  10  cm.  below  it.  The  left  pleural  cavity  was  almost  completely  obliterated  with 
old  fibrous  adhesions.  In  the  right  pleural  cavity  there  were  a  few  old  apical  and  lateral 
adhesions.  The  bronchial  lymph  glands  were  almost  completely  calcified.  There  was  no 
increase  of  pericardial   fluid. 

Dissection  of  the  left  shoulder  showed  that  there  was  a  simple  comminuted  fracture 
of  the  neck  of  the  humerus. 

There  were  some  old  adhesions  between  the  gall  bladder,  stomach  and  hepatic  flexure 
of  the  colon.  After  removal  of  the  duodenum,  pancreas  and  stomach,  there  appeared, 
just  below  the  line  of  the  left  renal  vessels,  a  pigmented  area,  quite  firm  in  consistence,  the 
tissue  of  which  was  quite  friable.  When  it  was  torn  the  finger  could  be  introduced  ap- 
parently into  the  left  kidney.  There  was  no  distinct  odor  connected  with  it  and  the  fluid 
which  ran  from  it  had  a  dark,  almost  greenish,  cloudy  urinous  appearance.  It  had  no 
connection  wath  the  renal  vessels.  Through  the  opening  made  into  the  urine-containing 
sac,  the  finger  could  be  extended  easily  downward  along  the  ureter  which  was  quite  evi- 
dently slightly  dilated.  In  the  region  of  the  right  broad  ligament  was  what  appeared  to  be 
a  lipoma  almost  as  large  as  one's  fist.  The  urinary  bladder  contained  a  large  amount 
of  pale,  somewhat  clouded  urine.  It  was  very  markedly  trabeculated ;  there  was  no  evi- 
dence, however,  of  any  inflammatory  process.  The  left  ureter  was  apparently  healthy. 
There  was  nothing  abnormal  to  be  seen  in  the  course,  of  the  right  ureter.  On  section  of 
the  left  kidney  it  was  found  that  the  pelvis  was  very  large,  dilated,  and  marked  with  very 
numerous  petechial  hemorrhages.  The  dilatation  extended  into  the  calices  and  the  sub- 
stance of  the  kidney  had  been  compressed.  In  spite  of  a  rather  well  marked  edema  of  the 
parenchyma,  the  cortex  was  exceedingly  narrow,  averaging  about  3  mm.,  was  pale,  the 
Hne  of  demarcation  between  cortex  and  medulla  was  distinct  but  not  brilliant,  but  in 
neither  cortex  nor  parenchyma  was  there  any  evidence  of  macroscopic  inflammatory  proc- 
ess. The  capsule  removed  with  difficulty  leaving  a  finely  granular  gray  surface.^  The  evi- 
dences were  that  the  pelvic  inflammatory  condition  had  extended  into  the  pelvic  fat  and 
thence  into  the  perirenal  tissues.  The  right  kidney  showed  very  much  the  same  condition 
in  a  less  advanced  stage,  however,  and  with  no  perirenal  invasion.  The  tubes  and  ovaries 
were  apparently  healthy.  There  was  a  slight  erosion  about  the  mouth  of  the  cervix  uteri 
and  the  uterus  as  a  w^hole  was  very  atrophic  and  what  had  seemed  to  be  the  body  of  the 
uterus  was  merely  a  single  mural  fibroma. 

The  liver  was  small  and  brown.  The  capsule  was  for  the  most  part  smooth,  and 
there  was  an  accessory  groove  parallel  to  that  of  the  suspensory  ligament  and  just  at  the 
lower  part  of  this  was  an  area  of  superficial  scarring  somewhat  stellate  in  shape,  but  not 
extending  deeply  into  the  tissue.  The  organ  was  very  friable  on  section  and  quite  brown. 
The  gall  bladder  contained  tw^o  gall  stones  buried  in  a  thick  greenish-yellow  pus.  The 
walls  of  the  gall  bladder  were  thickened,  fil)roid.  and  in  part  ulcerated.  The  right  lung 
crepitated  throughout.  The  apex  was  scarred  and  there  were  no  adhesions  between  the 
lobes.  There  was  a  slight  amount  of  hypostatic  congestion.  On  section  nothing  re- 
markable was  evident  except  a  moderate  edema.  Tlic  left  lung  was  also  crepitant  throu..;h- 
out.  Its  surface  was  tagged  with  old  adhesions  and  the  loI)es  were  bound  firmly  togetiicr. 
The  apex  was  scarred  and  at  one  i)lace  in  the  lower  lobe  was  a  fibroid  patcl\  containing  lime 
salts.  Section  showed  notliing  except  a  moderate  hypostatic  congestion.  Tlie  heart  was  of 
fair  size.  The  coronaries  were  somewhat  sclerotic  and  quite  tortuous.  The  pulmonary  and 
tricuspid  valves  were  evidently  healthy.  The  mitral  valves  were  thickened  at  the  edges 
but    there   was    notliin:?   else   nuticctliU'.      Tlic    aortic    valves    also    were    rea'^onably    liealthy. 
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The  aorta  was  thickly  patched  with  areas  of  fatty  degeneration  and  some  atheroma.  This 
atheromatous  process  was  still  more  marked  in  the  lower  abdominal  segment  where  it 
was  represented  in  the  narrowed  vessel  bj^  pigmented  ulcers,  discrete  and  confluent.  In 
the  neighborhood  of  the  origin  of  the  renals  and  in  a  few  inches  just  above  this  there  were 
a  few  hyperplastic  subintimal  fibrous  patches.  The  spleen  was  small.  The  capsule  was 
smooth.  The  pulp  was  gray,  the  Malpighian  bodies  were  not  visible.  The  stomach 
showed  nothing  unusual.  The  duodenum  contained  bile-stained  fecal  material.  The  pan- 
creas seemed  to  be  somewhat  edematous  and  to  be  the  seat  of  a  moderate  fibrosis  with 
some  fatty  infiltration.  The  rectum  was  the  seat  of  a  catarrhal  condition  so  marked  that 
all  the  layers  of  the  gut  were  exceedingly  edematous.  The  mucous  membrane  was  par- 
ticularly thickened  and  the  tops  of  the  rugae  were  distinctly  hemorrhagic ;  above  the  rectum 
the  gut  was  still  congested,  particularljf  so  in  the  cecum.  The  small  intestines  seemed  to  be 
relativelj'  healthy. 

Anatomic  Diagnosis. — Comminuted  fracture  of  the  neck  of  the  left  humerus;  chronic 
suppurative  cholecystitis  ;  cholelithiasis  ;  acute  pyelitis ;  chronic  diffuse  nephritis  (interstitial 
type)  ;  acute  perinephritis ;  obsolescent  pulmonary  tuberculosis  ;  acute  hemorrhagic  proctitis  ; 
aortic  atherosclerosis;  cerebral  arteriosclerosis;  cerebrospinal  edema;  atropliy  of  the  cerebral 
convolutions;   bilateral  hydronephrosis;   tabes   dorsalis    (?). 

REMARKS. 

In  this  case,  as  in  the  former  one,  a  focus  of  infection  was  present  in  the 
gall  bladder.  In  this,  however,  there  was  a  possible  etiologic  factor  in  an  early 
attack  of  typhoid.  It  is  possible  that  some  other  cause  might  have  been  elicited 
for  the  cholelithiasis  had  the  patient  been  in  a  better  mental  condition.  Be  that 
as  it  may,  the  patient,  arterially  diseased  and  mentally  damaged,  suffered  a  very 
severe  trauma,  and  following  that  died  somewhat  unaccountably.  At  autopsy 
nephritis  and  pyelitis  were  present  which  is  interpreted  as  evidence  of  a  renal 
infection  secondary  to  the  cholecystitis,  and  induced  by  the  trauma  and  its  conse- 
quent effect  upon  the  general  resistance  of  the  patient. 

Sections  through  the  cortex  of  the  brain  showed  marked  disorganization  of 
the  cortical  striations  with  great  morphologic  changes  in  the  individual  cells, 
chromatolysis,  eccentricity  of  the  nucleus  and  satellitosis.  Noguchi  preparations 
were  doubtful  and  definite  demonstration  of  spirochetes  could  not  be  asserted. 
Kulchitscky's  preparations  of  the  spinal  cord,  from  the  cervical,  dorsal  and  lum- 
bar regions  showed  a  moderate  degeneration  of  the  columns  of  Goll  in  the  last 
mentioned  level. —  [W.  E.  K.]. 

SUMMARY.* 

One  of  the  interesting  features  connected  with  these  cases  is  that  they  came 
to  autopsy  almost  at  the  same  time.  Another  feature  is  that  one  might  suspect 
that  the  lobar  pneumonia  in  Case  i  \vas  the  result  of  alcoholism  and  exposure, 
rather  than  of  metastatic  infection.  Perhaps  this  was  really  so,  but  in  the  second 
case  there  was  no  exposure  or  alcoholism  and  the  evidences  point  to  metastasis 
facilitated  by  trauma  as  the  essential  factor.  Taken  together  these  cases  suggest 
the  definite  relation  existing  between  chronic  foci  of  infection  and  a  terminal 
acute  metastatic  infection.  In  neither  case  was  there  any  history  of  gall  bladder 
disease. 


*For    a    general    discussion    of    focal    infection,    see    Billings:      Focal    Infection,    New    York,    1916. 


ACUTE  DEATH  FROM  CHLORINE  POISONING* 

By  Oskar  Klotz,  Pittsburgh,  Pa. 


THE  study  of  the  effect  of  chlorine  gas  poisoning  is  one  that  has  been 
introduced  by  the  present  war.  Prior  to  1915  there  are  but  two  or  three  ref- 
erences in  literature  concerning  the  harmful  action  of  chlorine  upon  health.  To 
have  undertaken  an  extensive  study  of  chlorine  poisoning,  would  have  been 
looked  upon  as  an  academic  occupation  of  one  who  had  difficulty  in  finding  a 
problem  of  active  interest  to  human  welfare.  Suddenly,  however,  the  medical 
officers,  serving  on  the  battlefields,  were  confronted  with  the  direful  effects  oft 
chlorine  and  other  gas  poisonings  for  which  their  studies  in  therapy  had  giveb 
them  no  adequate  remedy.  In  the  absence  of  knowledge  of  the  manner  in  which 
these  irritating  gases  produce  their  effects,  the  resources  of  chemists  and  phys- 
icists were  called  upon,  to  offer  a  means  of  prevention.  Our  hopes  along  this 
line  of  endeavor  have  been  greatly  raised  by  the  introduction  of  adequate  masks. 
Nevertheless,  before  these  became  available,  much  harm  has  been  done  both 
through  the  gruesome  method  of  killing  men,  as  well  as  the  permanent  injury 
inflicted  upon  those  receiving  a  lesser  concentration  of  gas.  Chlorine  appears 
to  have  been  used  most  extensively,  but  bromine,  phosgene  and  other  gases  have 
also  been  used. 

The  horror  of  the  first  gas  poisonings  led  to  a  number  of  investigations  by 
British  authors.  These  studies  have  been  of  an  experimental  kind  and  con- 
siderable information  has  been  gained  as  to  the  manner  in  which  chlorine  attacks 
the  tissues.  Schaefer  has  exposed  animals  to  chlorine  gas  varying  in  concentra- 
tion from  1  to  20  per  cent.  Such  concentrations  are  unusually  high  and  it  is 
improbable  that  any  of  the  soldiers  at  the  front  have  ever  found  themselves  in 
an  atmosphere  containing  this  amount  of  chlorine.  It  is  more  likely  that  the 
human  gassings  are  accomplished  in  a  concentration  of  1 :1000  to  1  rlO.OOO. 
However,  each  gas  raid  by  the  Germans  must  vary  in  the  actual  amount  and  con- 
centration of  gas  which  reaches  the  allied  forces.  The  efficiency  of  gassing  by 
chlorine  rests  to  a  large  extent  upon  the  climatic  conditions,  there  being  neces- 
sary a  favorable  breeze  sufficient  to  waft  the  liberated  chlorine  towards  the  op- 
l)osing  trenches,  but  with  the  air  currents  inefficient  to  stir  up  the  heavy  gas 
from  it?  low  lying  position  over  the  terrain  to  cause  excessive  diffusion. 
Furthermore,  the  concentration  of  the  gas  will  be  materially  altered  if  on  the 
morning  of  its  use.  the  ground  be  damp  and  the  air  contain  nuicli  fog.  The  great 
solubility  of  chlorine  gas  in  water  permits  its  rapid  removal  from  the  air. 

Schaefer's  important  observations  on  chlorine  poisoning  may  bo  summanzed 
as  follows.  The  immediate  effect  of  chlorine  gas  is  to  irritate  tlie  mucous  mem- 
branes with  which  it  comes  in  contact  and  particularly  the  bronchioles.  The 
bronchial  tubes  did  not  appear  to  alter  the  size  of  their  lumina  by  muscular  con- 
traction and  Schaefer  did  not  believe  that  ihe  (lysi)iH'a  was  rofenible  to  the  con- 
traction of  the  air  tubes.  It  was  observed  that  the  main  eft'ect  of  the  inhala- 
tion of  gas  was  upon  the  lung  structure  wherein  the  capillaries  responded  m  an 

"l-rom    the    PatlinloKii.-    I,al)Oiatoiic-s.    I'liivfisity   of    I'iltsliiirKh. 
Suljmitteii    t^i   the    National    Ri.'-cuili    C"i>iimil    liy    tlu-   .intliin-. 
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unusual  dilation  followed  by  edema  of  the  alveolar  walls  and  the  air  sacs.  With 
this  pulmonary  congestion,  there  was  a  marked  drop  in  the  systemic  blood  pres- 
sure, which,  in  the  absence  of  a  primary  cardiac  failure,  indicated  some  resist- 
ance to  the  blood  flow  from  right  to  left  heart.  Schaefer  refers  to  this  occur- 
rence in  the  terms  of  an  "obstruction  in  the  pulmonary  vessels  rendering  it  im- 
possible for  the  blood  to  pass  freely  to  the  left  auricle  and  ventricle."  He  was 
unable  to  indicate  the  exact  manner  in  which  this  pulmonary  obstruction  was 
brought  about. 

Shortly  following  this,  Leonard  Hill  also  studied  the  problem  of  gas  poison- 
ing, paying  particular  attention  to  the  effects  of  chlorine.  His  viewpoint  differs 
somewhat  from  that  of  Schaefer.  Broadly,  his  attitude  is  that  chlorine  is  a 
definite"  irritant,  acting  not  unlike  a  burn.  In  other  words,  the  application  of 
chlorine  to  tissues  will  simulate  in  its  reaction  other  irritants  w^iich  induce  vari- 
ous grades  of  inflammation.  The  exact  quality  of  the  reaction  will  be  deter- 
mined by  the  amount  and  concentration  of  the  irritant  substance.  Thus,  at  times, 
in  high  concentration,  chlorine  will  destroy  the  cells  with  which  it  comes  in 
contact.  The  bronchi  and  bronchioles  may  be  denuded  of  their  epithelium,  and 
the  irritation  of  the  gas  upon  the  deeper  structure  of  the  bronchioles  will  lead  to 
muscular  spasm  unless  the  gas  has  destroyed  these  elements.  Hill  thoroughly 
agrees  with  Schaefer  that,  since  chlorine  is  such  an  active  chemical  agent  which 
can  find  so  many  substances  with  which  it  can  unite  in  the  blood,  it  will  not  be 
carried  in  the  free  state  to  distant  parts.  Thus  it  is  hardly  probable  that  chlorine, 
as  such,  damages  distant  tissues,  but  only  accomplishes  serious  organic  lesions, 
such  as  described  by  Broadbent  in  the  kidney,  through  indirect  means.  Hill, 
furthermore,  observed  that  at  the  beginning  of  the  experiment,  when  chlorine 
was  first  given  the  animal,  the  expansion  of  the  chest  was  diminished,  which  he 
believes  was  due  to  the  contraction  of  the  bronchial  tubes.  Congestion  and 
edema  of  the  lungs  followed,  appearing  first  in  patches  and  then  spreading.  The 
blood  became  venous  and  the  output  through  the  lungs  was  lessened.  If  the 
edema  of  the  lungs  was  forcibly  removed  by  pressure,  the  condition  of  the 
animal  was  greatly  improved. 

The  problem  concerning  the  deleterious  effects  of  chlorine  bears  a  direct 
relation  to  respiration  and  the  pulmonary  circulation.  For  the  present,  we  w^ill 
not  concern  ourselves  about  the  secondary  manifestations  which  may  arise  in  a 
vicious  circle.  It  is  clear  that  systemic  poisoning  does  not  occur,  and  the  dis- 
tant effects,  whatever  they  be.  are  in  large  part  the  result  of  the  intrathoracic 
pathology. 

Hill  describes  a  typical  human  case  of  gassing  as  one  that  is  "cold  with  a 
subnormal  temperature,  conscious  but  restless,  with  pulse  slow  and  full  (except 
in  the  collapsed  cases).  The  face  is  cyanosed,  intensely  so  in  many  cases,  and 
the  expression  strained  and  anxious.  The  posture  varies.  In  some  cases  the 
patient  sits  propped  up,  with  head  thrown  back,  gasping  for  breath ;  in  others, 
he  lies  on  his  side,  with  his  head  over  the  edge  of  the  stretcher  in  an  attempt  to 
aid  expectoration.  The  respirations  are  jerky  and  hurried,  often  numbering  40 
a  minute,  and  are  associated  with  a  choking  cough,  accompanied  by  a  varying 
amount  of  frothy  expectoration.  With  each  inspiration  the  chest  is  expanded 
to  its  fullest,  all  the  auxiliar}^  muscles  being  brought  into  play  just  as  in  an 
asthmatical  paroxysm.     This  is  the  first,  or  asphyxial,   stage,  which,  if  the  pa- 
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tient  survives,  gradually  passes  off  after  some  thirty-six  hours.  After  the  first 
stage  the  patient  falls  into  a  sleep,  and  awakes  feeling  much  better.  But  after  a 
few  hours  of  comparative  quiet,  symptoms  of  bronchitis  begin  to  manifest  them- 
selves. In  the  majority  of  cases  these  are  not  severe,  because,  no  doubt,  nearly 
all  the  severe  cases  die  in  the  first  stage.  In  the  cases  that  are  kept  alive  with  dif- 
ficulty there  is  a  short  quiescent  stage  followed  by  intense  bronchitis.  The  froth- 
ing gives  place  to  greenish  mucopurulent  expectoration,  consciousness  to  de- 
lirium, the  temperature  rises  from  subnormal  up  to  104°  F.,  the  pulse  becomes 
of  small  volume,  with  its  rate  increased  perhaps  to  160,  the  respirations  are  less 
choking  but  more  shallow,  and  number  up  to  70  a  minute  before  death." 

This  description  of  gas  poisoning  in  man  is  very  similar  to  that  noted  in 
animals.  \\'hen  guinea  pigs  are  exposed  to  1  :1000  chlorine  gas,  evidence  of  ir- 
ritation is  seen  in  the  watering  of  the  eyes  and  in  the  attempts  on  the  part  of  the 
animal  to  seek  a  position  away  from  the  fumes.  For  a  time,  the  animal  appears 
to  be  holding  his  breath.  Soon,  however,  he  is  forced  to  inspire,  causing  him 
to  cough  and  sneeze.  A\^ith  this,  there  is  a  watering  of  the  nose,  and  the  animal 
paws  his  face  as  if  to  brush  away  the  irritant.  The  respirations  now  become 
more  rapid  but  jerky;  there  appears  to  be  some  difficulty  in  breathing  and  the 
thorax  is  held  quite  rigid  while  the  costal  borders  tend  to  flare  and  shallow  res- 
pirations are  carried  on  mainly  by  the  diaphragm.  The  animal  is  distinctly  dis- 
tressed, and  gives  intermittent  gasps.  If  at  this  stage  the  animal  is  removed 
from  the  chlorine  mixture,  the  gasping  continues  for  some  time,  even  hours,  as 
he  is  recovering.  If  the  animal  has  been  overexposed  the  gasping  continues 
after  he  is  in  the  free  air,  until  death.  When  allowed  to  remain  in  the  gas  mix- 
ture, the  respirations  shortly  before  death  become  hurried  and  then  suddenly 
cease.  During  this  time  the  heart  beats  regularly  and  continues  for  some  time 
after  the  cessation  of  respiration. 

Acute  chlorine  gas  poisoning  may  be  induced  in  small  animals,  mice,  guinea 
pigs,  and  rabbits  in  concentrations  of  from  1  :  10,000  to  the  stronger  mixtures. 
For  careful  observations  it  is  well  not  to  use  mixtures  of  a  greater  concentration 
than  1  per  cent.  The  main  differences  that  we  have  noted  in  the  various  strong 
concentrations  of  chlorine  gas  have  been  in  the  rapidity  of  the  onset  of  the 
symptoms  and  the  time  of  death.  In  the  very  acute  cases,  death  occurs  in  3 
minutes ;  with  the  less  concentrated  mixture,  rabbits,  guinea  pigs,  and  mice  will 
survive  for  half  an  hour  or  longer. 

Some  observations  were  made  upon  the  blood  of  gassed  animals.  As.  we 
have  stated  above,  chlorine  is  not  absorbed  and  distantly  distributed  in  the  free 
state  by  the  blood.  In  a  previous  study  by  Miller,  it  was  shown  that  a  definite 
lymphocytosis  was  present  in  cases  of  chronic  chlorine  poisoning.  These  chronic 
cases  were  soldiers  who  had  survived  the  gassing  for  several  weeks  or  months. 
In  the  acute  cases,  as  was  observed  in  one  of  his  cases  no  lymphocytosis  was 
present.  He  believes  that  an  increase  in  lymphocytes  was  due  not  to  the  direct 
effect  of  the  chlorine  gas  but  was  the  result  of  chronic  inflammatory  changes  in 
the  lungs.  When  chlorine  gas,  even  in  very  low  dilution,  is  permitted  to  come 
in  contact  with  blood,  its  active  reducing  qualities  are  quickly  noted.  The  lilood 
in  contact  with  the  chlorine  becomes  black  and  gummy  and  on  long  exposure  is 
decolorized.  By  ])assing  small  (luantitics  of  cliloriiu-  through  a  blood  solution, 
the  coloring  matter  is  cntirelv  destrovod  and  tin-  iron   is  liberated   in  the  watery 
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solution.  Hake  demonstrated  this  free  iron  by  Prussian  blue  test.  He  sug- 
gested that  this  marked  effect  of  chlorine  on  the  blood,  might  have  some  rela- 
tion to  its  lethal  effect.  In  none  of  our  animals  have  we  been  able  to  demon- 
strate such  profound  blood  changes  referable  to  the  chemical  effects  of  chlorine. 

On  the  other  hand,  an  interesting  observation  was  made  upon  the  cellular 
content  of  the  blood  of  the  treated  animals.  When  mice  were  exposed  to  the 
lethal  concentration  of  the  chlorine  gas,  it  was  found  that  immediately  after 
death,  the  congested  areas  of  the  lung  contained  but  small  quantities  of  fluid 
blood.  The  congested  areas  stood  out  prominently  and  did  not  shrink  or  col- 
lapse. The  tissues  were  edematous  and  there  was  frothy  fluid  in  the  bronchial 
tubes  but  the  blood  within  the  congested  portions  of  the  lung  substance  appeared 
coagulated.  On  several  occasions  we  were  surprised  to  find  that  this  coagula- 
tion proceeded  into  some  of  the  larger  vessels.  The  right  heart,  both  auricle 
and  ventricle,  was  dilated  and  continued  beating  after  cessation  of  the  respira- 
tions; the  left  heart  was  in  firm  systole.  The  systemic  circulation  had  ceased 
and  respiration  was  no  longer  maintained,  owing  to  cerebral  anemia.  It  ap- 
peared as  Schaefer  intimated,  that  there  was  some  obstruction  in  the  pulmonary 
circulation.  It  was  difficult  at  first  to  account  for  such  an  obstruction  when  in 
truth  the  vascular  channels  in  the  lung  were  in  a  state  of  congestion.  Here, 
however,  there  was  evidence  that  in  these  cases  of  acute  poisoning,  the  stage 
of  congestion  was  only  an  early  manifestation  of  the  irritating  effects  of  the  gas 
and  that  this  congestion  was  succeeded  by  a  stage  of  intravascular  coagulation. 
The  pulmonary  tissue  responded  to  the  irritant,  with  a  type  of  inflammatory 
exudate  in  which  large  quantities  of  serum  escape  from  the  dilated  capillaries 
and  permeate  the  alveolar  walls  and  air  sacs.  The  acute  deaths  in  animals  were 
always  accompanied  by  a  remarkable  pulmonary  edema.  The  lungs  were  water- 
logged and  the  alveoli  filled  with  a  thin  frothy  fluid. 

Even  with  the  intense  congestion  of  the  lung  we  have  never  observed  hemor- 
rhage sufficient  to  tinge  the  edematous  fluid.  The  remarkable  rapidity  and  ex- 
tent with  which  this  edema  develops,  suggested  the  possibility  that  the  abstrac- 
tion of  water  produced  marked  changes  in  the  blood  within  the  pulmonary 
capillaries.  The  possibility  that  this  abstraction  of  water  and  consequent  thick- 
ening of  the  blood  increased  the  viscosity  and  led  to  the  excessive  resistance  of 
the  blood  flow  in  the  lungs  is  in  agreement  with  the  findings  of  Schaefer  and  the 
demonstration  of  the  right  heart  embarrassment.  It,  furthermore,  occurred  to 
us  that  the  abstraction  of  these  relatively  large  quantities  of  fluid  from  an  en- 
gorged system  of  vessels  would  not  only  increase  the  density  of  the  plasma  but 
would  also  bring  about  a  change  in  the  numerical  cellular  content  of  the  blood. 
That  this  was  the  case  was  demonstrated  in  blood  counts  made  from  the  pul- 
monary vein  of  the  gassed  animals  (mice  and  guinea  pigs),  such  counts  showing 
an  increase  of  from  two  to  five  million  red  cells  over  the  normal  count.  It  was 
found,  therefore,  that  the  obstruction  in  the  pulmonary  circulation  referred  to 
by  Schaefer  was  in  part  at  least  due  to  the  increased  viscosity  of  the  blood. 

There  is,  however,  another  factor  of  much  graver  importance  affecting  the 
pulmonary  circulation.  As  we  stated  above,  the  congested  areas  of  the  lungs 
were  found  to  contain  less  fluid  blood  than  would  be  expected  from  their  ap- 
pearance. From  the  character  of  the  dry  congested  tissues  of  the  lung  it  was 
evident  that  the  blood  had  coagulated  within  the  dilated  capillaries.     This  state 
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we  found  only  in  the  severely  and  fatally  gassed  animals.  As  we  will  mention 
later,  microscopic  evidence  of  sttch  coagulation  was  obtained.  This  unusually 
rapid  coagulation  may  be  the  result  of  the  intense  edema  whereby  the  blood  con- 
stituents within  the  vascular  channels  are  greatly  altered  and  concentrated,  per- 
mitting of  rapid  spontaneous  solidification.  On  the  other  hand,  chlorine  gas, 
when  in  contact  with  fluid  blood,  tends  to  coagulate  it  almost  instantly.  We 
have  found  that  human  blood  placed  in  an  atmosphere  of  1 :1000  of  chlorine 
coagulates  in  about  fifteen  seconds ;  stronger  concentrations  reduce  this  time.  It 
is  probable  that  within  the  lung  where,  through  congestion  and  edema  a  slowing 
of  the  capillary  circulation  has  already  taken  place,  and  where  because  of  the 
great  abstraction  of  water  from  the  local  tissues,  the  blood  is  in  the  threshold 
state  for  coagulation,  the  local  and  direct  effect  of  chlorine  upon  the  capillaries 
and  blood  materially  hastens  coagulation. 

In  as  much  as  in  our  experimental  animals  the  respirations  ceased  before 
the  stoppage  of  the  right  heart,  and  as  Schaefer  has  shown  that  there  is  a  distinct 
drop  in  the  arterial  blood  pressure,  it  would  appear  that  the  acute  deaths  of  the 
experimental  animals  were  the  direct  result  of  obstruction  of  the  pulmonary 
circulation  and  that  the  presence  of  the  pulmonary  edema  was  a  factor  in  this 
regard. 

But,  however,  all  of  the  acute  deaths  taking  place  from  a  few  minutes  to 
an  hour  after  exposure  observed  in  human  cases  are  not  as  intense  as  those  de- 
scribed. Under  those  circumstances  where  the  individual  continues  to  live  for 
an  hour  or  two,  the  fatal  result  is  more  particularly  associated  with  the  edema 
and  consequent  asphyxia  than  to  a  direct  embarrassment  of  pulmonar\^  circula- 
tion, although  undoubtedly  the  increased  viscosity  of  the  blood  associated  with 
pulmonary  edema  also  plays  a  part. 

Our  microscopic  analyses  substantiate  the  above  findings  and  indicate  that 
the  important  changes  take  place  in  the  lungs  while  tissues  elsewhere  in  the  body 
are  not  directly  affected  by  the  gas.  We  have  repeatedly  observed  the  absence 
of  congestion  in  the  abdominal  organs,  though  in  animals  surviving  some  hours 
after  gassing,  the  liver  showed  a  mild  grade  of  engorgement.  This  was  in  con- 
sequence of  the  inability  of  the  right  heart  to  carry  on  an  adequate  circulation 
through  the  lungs.. 

The  reaction  (microscopic)  in  the  lung  varied  according  to  the  length  of 
time  of  exposure  to  chlorine  and  with  the  concentration  of  the  gas  used  in  the 
experiments.  The  mildest  reaction  consisted  of  congestion,  effecting  particu- 
larly the  capillaries  of  the  alveolar  walls  and  also  the  larger  blood  vessels,  both 
arteries  and  veins.  When  the  congestion  had  continued  for  longer  periods  of 
time,  an  edema  made  its  appearance  within  the  air  sacs.  This  edematous  fluid 
is  of  a  very  watery  nature  and  of  low  albuminous  content.  The  alveoli  arc 
flooded  with  this  fluid  and  when  it  persists,  a  gradual  shrinking  in  the  size  of 
the  alveoli  takes  place.  Concurrently  with  the  appearance  of  this  edema,  scat- 
tered portions  of  the  lung  become  emphysematous.  These  emphysematous  al- 
veoli become  widely  stretched,  and  are  devoid  of  fluid.  In  this  stage,  conges- 
tion, edema,  and  some  emphysema  arc  the  outstanding  pulmonary  changes.  It 
is  to  be  remarked  that  although  tin-  congestion  is  very  intense  and  has  an 
appearance  as  if  the  small  alveolar  capillaries  would   rupture,  it   is  hut   rare  to 
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observe  the  presence  of  red  blood  cells  within  the  air  sacs.     On  the  other  hand 
an  escape  of  red  blood  cells  may  take  place  into  the  alveolar  wall  itself. 

A  direct  influence  of  the  action  of  the  gas  upon  the  cells  lining  the  bronchi 
and  air  sacs,  was  not  frequently  observed.  In  only  a  few  instances,  was  there 
evidence  of  desquamation  of  a  few  cells  of  the  bronchial  epithelium  or  a  change 
in  the  morphology  or  staining  qualities  of  the  alveolar  lining  cells.  True  coagu- 
lation necrosis  was  not  observed  and  there  was  nothing  to  indicate  that  the  con- 
tact of  the  gas  on  the  mucous  membranes  was  of  particular  importance  in  bring- 
ing about  a  serious  pulmonary  condition. 

An  important  observ'ation  in  the  acute  deaths,  particularly  in  mice,  was  the 
finding  of  patches  of  diffuse  coagulation  of  blood  in  the  pulmonary  capillaries. 
In.  these  areas  we  have  observed  within  the  capillaries  and  larger  vessels  the 
presence  of  a  diffuse  meshwork  like  altered  fibrin.  Wide  stretches  of  channels 
were  found  in  which  an  irregular  meshwork  of  threads  stained  diffusely  blue 
with  hematoxylin.  In  these  thrombi  relatively  few  red  blood  cells  were  found. 
Similar  coagula  with  a  varying  number  of  erj^throcytes  were  seen  in  the  arterioles 
and  venules.  This  process  of  thrombosis  was  not  uniformly  distributed  through 
lung. 

In  those  animals  receiving  smaller  quantities  of  gas  or  in  which  the  gas  con- 
centration was  less,  the  fatal  results  were  variously  delayed,  with  this  delay 
in  time  of  death  a  considerable  difference  was  noted  in  the  pathologic  histology 
of  the  lung.  The  congestion  was  found  persisting  but  of  a  different  grade  of 
intensity  although  sometimes  the  congestion  appeared  equally  marked  as  that 
seen  in  more  acute  experiments.  The  edema  also  persisted  in  different  degrees, 
but  more  commonly  there  was  a  tendency  for  the  disappearance  of  the  Avatery 
fluid  contained  within  the  alveoli.  It  was  not  uncommon,  however,  that  a  new 
type  of  edema  made  its  appearance.  This  occurred  as  a  tissue  edema,  surround- 
ing blood  vessels,  and  to  some  extent  around  the  bronchi.  The  perivascular 
lymph  spaces  were  widely  dilated,  developing  a  loose  structure  around  these 
tubes.  This  late  edema  was  accompanied  by  a  more  or  less  inflammatory  reac- 
tion in  which  lymphocytes  and  occasionally  leucocytes  and  plasma  cells  were 
found  in  the  fluid  of  the  tissue  spaces.  Inflammator}'  reactions  were  not  alone 
present  in  the  perivascular  tissue,  but  were  also  present  in  the  alveolar  walls, 
following  the  congested  capillaries.  Here  again  the  lymphoc}i:e  was  the  most 
common  cell.  Leucocytes  were  not  abundant.  Endothelial  cells  w^ere  occasion- 
ally found  within  the  alveoli.  The  extent  to  which  the  cellular  exudate  made  its 
appearance  in  the  pulmonary  tissues  appeared  to  vary,  not  only  with  the  manner 
of  exposure  to  chlorine,  but  also  with  the  individual  susceptibility  of  the  animal. 
In  some  animals,  the  perivascular  ring  of  edema  became  intensely  packed  with 
lymphocytes,  so  that  a  crown  of  cells  surrounded  the  medium-sized  vessels, 
times  this  was  seen  around  the  bronchi  and  occasionally  the  intervening  air  sacs 
contained  a  similar  exudate. 

To  sum  up,  the  acute  reaction  found  in  the  lungs  of  animals  exposed  to 
chlorine  consisted  mainly  in  an  intense  congestion  with  edema  and  capillary 
thrombosis.  Animals  surviving  a  longer  period  show^ed  a  pulmonary  infiltra- 
tion of  inflammatory  cells  mainly  lymphocytes.  The  acute  capillar}'  thrombosis 
appears  of  importance  in  the  acute  deaths  when  the  concentration  of  the  gas  is 
great.    The  intense  pulmonaiy  edema  obtained  by  abstracting  a  thin  serum  from 
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the  pulmonary  blood  vessels  causes  an  alteration  in  the  quality  of  the  blood  and 
an  increase  in  its  viscosity.  This  dense  blood  tends  to  clot  spontaneously  and 
is  also  influenced  in  this  more  rapid  clotting  by  the  presence  of  chlorine  within 
the  lung.  These  two  factors,  increased  viscosity  and  capillary  thrombosis,  im- 
pede the  ready  flow  of  blood  through  the  lung  and  lead  to  a  fall  in  the  arterial 
blood  pressure.  Thus,  acute  chlorine  gassing  differs  materially  from  other 
forms  of  asphyxia. 

Further  studies  are  in  progress  with  particular  attention  to  the  subacute 
and  chronic  types  of  death.  I  am  indebted  to  L.  E.  Ramsey  for  practical  assist- 
ance in  this  work. 
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BLOOD  PICTURE  FOLLOWING  EXPERIMENTAL  SPLENECTOMY* 

By  T.  G.  Orr,  M.D.,  Rosedale,  Kansas. 


IN  most  instances  the  recent  reports  in  the  literature  on  the  blood  changes  in 
man  and  animals  following  splenectomy  have  shown  a  decrease  in  the  ery- 
throcytes and  hemoglobin  and  an  increase  in  the  leucocytes.  These  changes  have 
shown  considerable  variation  both  as  to  extent  and  the  length  of  time  which 
they  last. 

As  early  as  1878  Picard  and  Malassez^  made  observations  upon  the  blood 
of  splenectomized  dogs.  Their  results  have  shown  a  diminution  in  the  quantity 
of  hemoglobin  but  no  change  in  the  number  of  the  erythrocytes.  Paton-  and 
his  co-workers  concluded  that  removal  of  the  spleens  of  dogs,  cats,  and  rab- 
bits had  no  influence  upon  the  number  of  blood  corpuscles.  The  experiments 
of  Zesas^  showed  an  increase  in  the  white  and  a  decrease  in  the  red  elements, 
the  changes  lasting  until  other  organs  assumed  the  functions  of  the  spleen. 
Winogradow,*  writing  in  1882,  states  that  there  is  no  notable  increase  in  the 
white  corpuscles  in  splenectomized  dogs.  Blumreich  and  Jacoby,"'  of  Berlin, 
found  a  leucocytosis  in  almost  all  instances  following  removal  of  the  s]ileen  in 
guinea  pigs.  The  results  of  Nicolas  and  Dumoulin"  following  cx[)crimental 
splenectomy  have  shown  an  increase  in  the  number  of  the  white  cells  which  re- 
turn to  normal  after  several  months,  an  immediate  diminution  of  lymphocytes 
followed  by  a  passing  increase  with  later  a  marked  fall,  very  little  change  in  the 
polymorphonuclears  and  a  marked  eosinophilia  in  only  one  dog.  .Among  more 
recent  workers  Noguchi"  reports  a  case  of  extirpated  spleen  with  a  large  abdom- 
inal lipoma,  in  which,  after  ten  months,  'there  was  a  diminution  in  i)olymorpIi()- 
nuclears  and  an   increase  in  the  eosinophiles.      Kreutcr's^  case  ol   splenic   ruji- 
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ture  in  a  boy  of  seventeen  showed  a  marked  anemia  and  an  enormous  hyperleu- 
cocytosis  eighteen  days  after  splenectomy.  At  the  end  of  six  weeks  the  blood 
picture  was  again  normal.  Musser  and  Krumbhaar,^  in  their  experiments  upon 
dogs,  conclude  that,  after  splenectomy,  anemia  usually  develops  quickly  and 
reaches  its  height  in  from  three  to  six  wrecks,  approaches  normal  after  three  or 
four  months  and  returns  to  normal  in  five  to  ten  months.  There  is  a  marked 
leucocytosis  which"  is  highest  twenty-four  hours  after  operation  and  remains 
to  a  slight  degree  for  several  months.  They  found  that  some  variation  from  the 
above  sometimes  occurred  but  the  anemia  w^as  inevitable.  Lymphocytosis  was 
not  found  in  their  series. 

In  a  series  of  twelve  rabbits  we  have  made  observations  on  the  blood  both 
before  and  after  splenectomy.  In  the  first  four,  the  erythrocyte  and  platelet 
counts,  hemoglobin  estimation  and  coagulation  time  were  made   (Table  I).     In 
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Table  I. 

A  Typical  Table,  Showing  Red  Cell  Counts,  Hemoglobin  Estimations,  Platelet  Counts, 
AND  Coagulation  Time  before  and  after  Splenectomy. 


Days  before 

Erythrocyte 

Hemoglobin 

Platelet 

Coagulation 

Splenectomy 

Count 

Count 

Time 

14 

5,680,000 

80 

1,032,000 

6     min. 

DAYS   AFTER 

splenectomy 

6 

4,220.000 

75 

1,384,000 

6 

12 

4.500,000 

85 

1,664,000 

5/    " 

18 

4.120,000 

75 

1,488,000 

5/    " 

25 

4,740,000 

75 

1.196,000 

5/    " 

31 

4,330,000 

75 

1,364,000 

7/    " 

60 

5,500,000 

85 

ty2  " 

90 

5.992,000 

85 

■ 

every  instance  an  anemia  was  produced  which  appeared  on  or  before  the  sixth 
day  after  operation.  The  change  in  hemoglobin  corresponded  very  closely  with 
the  change  in  the  erythrocytes.  In  rabbit  No.  1  there  was  still  an  anemia  on 
the  sixtieth  day.  This  rabbit  died  a  few  days  later  of  some  intestinal  disease 
which  may  have  accounted  for  its  prolonged  anemia  past  the  sixtieth  day.  Th-^ 
red  cells  and  hemoglobin  of  rabbits  Nos.  2  and  3  reached  normal  by  the  sixtieth 
day.  The  erythrocytes  and  hemoglobin  of  the  fourth  rabbit  were  normal  on  the 
seventy-eighth  day.  When  technical  errors  are  taken  into  consideration,  no 
definite  or  constant  change  was  found  in  the  number  of  platelets  or  coagulation 
time  before  and  after  the  spleen  was  removed.  In  the  remaining  eight  rabbits 
leucocyte  and  differential  counts  were  made.  In  half  of  the  number  the  average 
leucocyte  count  was  greater  after  splenectomy  and  in  the  other  half  the  count 
was  greater  before  splenectomy  (Tables  II  and  III).  Counts  made  within  the 
first  six  days  after  operation  showed  an  increase  in  four  animals  and  a  decrease 
in  the  other  four  when  compared  to  the  average  counts  before  splenectomy.  In 
the  differential  counts  the  polymorphonuclear  neutrophiles  showed  very  little 
change.  There  was  a  slight  average  increase  in  five,  in  four  of  which  there  was 
a  corresponding  average  increase  in  the  total  white  cell  count.  In  six  of  the 
eight  rabbits  the  average  lymphocyte  count  was  less  after  splenectomy.  In  every 
instance  there  was  an  average  increase  in  the  number  of  the  large  mononuclear 
elements.     The  transitional  forms  showed  an  average  increase  in  four  of  the 
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Table  II. 
A  Typicai,  Table,  Showing  Leucocyte  Counts  before  and  after  Splenectomy. 


Days  before 
Splenectomy 

Leucocyte 
Count 

Poly- 
nuclear 
Neutro- 

philes 

Lympho- 
cytes 

Large 
Mono- 
nuclears 

Transi- 
tionals 

Eosino- 
philes 

Baso- 
philes 

Uniden- 
tified 

17 

4.StO 

35 

56.5 

3.5 

3.5 

1 

5 

1.5 

14 

5,720 

50 

32 

11 

2 

1 

3 

1 

2 

4,880 

43.5 

40 

6.5 

5,5 

0 

4 

0.5 

1 

5,720 

48 

35.5 

9 

5.5 

0.5 

1 

0.5 

Average  before 
Splenectomy 

5.220 

44.1 

41 

7.5 

4.1 

0.6 

3.2 

.8 

Days  after 
Splenectomy 

1 

9.860 

87.5 

7 

1.5 

3.5 

0.5 

0 

0 

2 

8.040 

69 

7 

12 

8 

0 

4 

0 

4 

6.200 

33 

50 

14.5 

1 

0 

1.5 

0 

6 

6.100 

38.5 

38 

14 

6 

0 

3 

0.5 

10 

3.520 

70 

17.5 

5.5 

3 

0 

4 

0 

18 

3.200 

62 

17 

8 

7 

0.5 

5 

0.5 

25 

3.800 

56.5 

22 

13 

7.5 

0.5 

0.5 

0 

32 

7.760 

38.5 

33 

18.5 

6 

0 

4 

0 

60 

6.240 

69 

14 

14 

2.5 

1 

3 

0.5 

82 

6.720 

46 

35 

14.5 

2.5 

1 

1 

0 

Average  after 
Splenectomy 

6.144 

57 

24 

12.7 

4.7 

.3 

2.6 

0 

Table  III. 
Summary  of  Leucocyte  and  Differential  Counts  before  and  after  Splenectomy. 


No.  of 
Rabbit 

Average  counts 
before  and 

after 
Splenectomy 

Leucocyte 
Count 

Poly- 
nuclear 
Neutro- 

philes 

Lymph- 
ocytes 

Large 
Mono- 
nuclears 

Transi- 
tionals 

Eosino- 
philes 

Baso- 

philes 

Uniden- 
tified 

5 

Before 
After 

9,200 
11,571 

55.2 
56.2 

31.5 

25.5 

2.7 
10.9 

3. 
.6 

0.7 
.3 

2.2 

5.5 

0 
.2 

6 

Before 
After 

17,025 
11.873 

47.7 
41 

21.7 
33.5 

10.2 
12.6 

2.2 
2.3 

1.5 

1 

16.7 
9.3 

.2 
0 

7 

Before 
After 

7,866 
6,490 

52.3 
61.6 

25 
19.7 

6,1 
8.6 

2.8 
5.3 

0 
0 

12.1 
3.8 

1.1 
0 

8 

Before 
After 

5,220 
6,144 

44.1 

57 

41 
24 

7.5 
12.7 

4.1 

4.7 

.6 
.3 

3.2 

2.6 

.8 
0 

9 

Before 
After 

7,220 

8,557 

55 
60.4 

27.7 
29.9 

3.7 
6.2 

5.7 
1.9 

3,5 
.6 

2.2 
.8 

0 
0 

10 

Before 
After 

9.900 

10,507 

41.5 
44.5 

36 
29.5 

6. 
14.1 

2,7 
2.7 

.5 
.4 

3.2 
8.4 

0 
.1 

11 

Before 
After 

11,000 
8.871 

44.5 
44.2 

44.2 
37.5 

5.5 
11.3 

4. 
3. 

.2 
.3 

1.5 

5. 

0 
.2 

12 

Before 
After 

10.6.S0 
9,162 

50.5 
46.8 

37.7 
29.6 

4,2 
13.6 

0.5 

1.5 

1. 
.3 

6. 
5.1 

0 
0 

eight  count.s,  a  decrease  in  three,  and  no  change  in  one.  Very  few  eosinophiles 
were  found  in  any  of  the  counts  and  no  definite  change  could  be  noted  in  thc,>^e 
cells.  The  basophile  counts  showed  an  average  increase  after  splenectomy  in 
three  rabbits  and  a  decrease  in  the  remaining  five. 

From  the  above  experiments  the  following  conclusions  may  be  drawn: 
1.  There  is  always   an   anemia  j)roduced   in   rabbits  by   splenectomy   which 
has  a  duration  of  sixty  or  more  days,  after  whicli  time  tin-  red  blood  count  and 
hemoglobin  return  to  normal. 
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2.  There  is  no  definite  change  produced  by  splenectomy  in  the  platelet 
count  and  coagulation  time. 

3.  Changes  in  the  total  white  cell  count  produced  by  removal  of  the  rab- 
bit's spleen  are  not  constant.  The  same  conclusion  applies  to  the  elements  in 
the  differential  counts  with  the  exception  of  the  large  mononuclears  which  were 
increased  in  every  instance  after  splenectomy. 
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LABORATORY  METHODS 


A  REVIEW  OF  MOSENTHAL'S  WORK  ON  THE  MEASUREMENT 
OF  THE  RENAL  FUNCTION* 


By  C.  D.  Christie,  M.D.,  Cleveland,  Ohio 

THE  work  of  MosenthaF  was  suggested  by  the  observations  of  Hedinger  and 
Schlayer-  that  the  response  of  the  kidney  to  a  full  diet  containing  a  reason- 
able amount  of  fluids,  salt,  and  purins  varies  quite  markedly  in  health  and  disease. 
In  these  observations  the  urine  voided  every  two  hours  was  measured,  its  specific 
gravity  taken,  and  the  salt  content  determined.  From  the  results  it  was  apparent 
that  the  normal  kidney  reacts  in  a  wholly  different  manner  from  one  that  is  the 
seat  of  a  disease  process.  It  was  demonstrated  that  the  normal  kidney  could 
excrete  a  urine  of  either  high  or  low  concentration,  depending  upon  which  was 
necessary  at  any  given  time  to  maintain  a  normal  equilibrium  between  salts  and 
fluids  in  the  body.  In  certain  diseased  conditions  of  the  kidney,  on  the  other 
hand,  this  relation  became  disturbed  and  there  was  a  tendenc}-  on  the  part  of 
the  kidneys  to  excrete  a  urine  in  which  the  specific  gravity  and  the  percentage  of 
salt  excretion  remained  more  constant  in  the  two-hour  periods.  This  tendency 
toward  fixation  of  the  specific  gravity  in  certain  kidney  diseases  represents  the 
basis  of  the  test  of  renal  function.  Mosenthal  has  extensively  elaborated  the 
method,  shown  its  numerous  possibilities  and  with  the  renal  test  meal  has  sup- 
])lied  a  most  satisfactory  and  practical  procedure  for  the  study  of  kidney  func- 
tion. Recently  MosenthaF  has  recorded  the  results  which  he  has  obtained  from 
the  study  of  a  great  variety  of  kidney  lesions,  by  the  use  of  a  so-called  "test 
meal"  as  an  index  of  renal  function.  Our  experience  with  it  prompts  us  to  write 
a  review  of  the  work  of  Mosenthal  and  to  impress  the  value  and  practicabilitA-  of 
the  test  meal  in  all  routine  studies  on  suspected  kidney  diseases.  We  believe  the 
information  derived  from  the  careful  use  of  the  test  meal  is  much  more  ex- 
tensive than  it  is  possible  to  acquire  from  rmy  other  niclhod  for  studying  kidney 
function. 

The  method  can  be  carried  out  quite  satisfactoril\-  w  ilh  the  exi)cnditurc  of 
a  very  small  amount  of  time.  When  carefully  performed  and  projierly  inter- 
preted it  undoubtedly  represents  the  most  satisfactory  ])rocedure  for  the  study 
of  renal  function.  One  is  not  justified  in  recommending  this  method  to  the  ex- 
clusion of  all  others,  but  when  the  int'onualion  which  is  deriwd  t  rom  the  tost 
meal  is  considered  along  with  that  gained  by  the  phenolsuli)honphthaIein  test 
and  with  accurate  clinical  observations,  nnich  more  can  be  said  diagnostically 
and  prognostically  than  from  the  use  of  a  single  method.  It  is  a  tc^t  which  has  a 
greater  range  of  ])()ssil)ilities  than  any  of  the  nictliods  based   iipon   ihc  al)ility  ot 

*From  the  Medical  Research  Lal)oratory,  Lakeside  Hospital,  Cleveland,  Ohio. 

'Mosentlial:     J;nir.   Am.   Med.   Assn..    1<M6.  Kvii.  '>.V1:   .\r(\\.    Int.    M.d..    1M5.  wi,   7ii. 
=IlcdiiiKer  and   Schlayer:      neiitsch.   Arch.    f.   klin.   Med.,    l')l-l,  cxiv,    120. 
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the  kidney  to  excrete  a  single  dye  or  a  salt.  The  numerous  procedures  which 
depend  upon  the  measurement  of  the  degree  of  retention  of  various  non-nitrog- 
enous substances  in  the  blood  are  not  as  piiactical  because  of  the  necessity  of 
greater  technical  skill.  The  kidney  is  such  a  selective  organ  and  its  functions  so 
diversified  that  information  gained  from  one  angle  alone  may  be  grossly  mislead- 
ing. 

The  basis  of  the  test  diet,  as  elaborated  by  Mosenthal,  depends  upon  placing 
the  subject  to  be  studied  upon  a  diet  sufficiently  varied  in  nitrogenous  substances 
and  salt  to  give  an  adequate  test  of  the  eliminative  ability  of  the  kidneys.  The 
diet  as  recommended  by  Mosenthal  with  his  complete  instructions  will  be  given 
in  full,  but  if  it  is  not  practicable  to  carry  out  the  test  as  advised,  certain  modifica- 
tions may  be  made.  These  modifications  will  be  discussed  further  along  in  the 
paper. 

Directions  for  the  Nephritic  l^est  Meal. — The  following  is  the  standard  test 
meal  in  use  in  Lakeside  Hospital,  which  follows  that  recommended  by  Mosen- 
thal : 

All  food  is  to  be  salt- free  food. 

All  food  or  fluid  not  taken  must  be  weighed  or  measured  after  meals  and  a  record  kept. 
No  food  or  fluid  of  any  kind  is  allowed  between  meal  times. 

Mishaps  or  irregularities  that  occur  in  giving  the  diet  or  collecting  the  specimens  must 
be  noted. 

Breakfast,  8  a.m.: 

Boiled  oatmeal,  100  gm. ;  sugar,  1  to  2  teaspoonfuls ;  milk,  30  c.c. 

Two  slices  bread  (30  gm.  each)  ;  butter,  20  gm. 

Coffee,  160  c.c. ;  sugar,  1  teaspoonful ;  milk,  40  c.c. 

Milk,  200  c.c. 

Water,  200  c.c. 

Dinner,  12  Noon : 

Meat  soup,  180  c.c. 

Beefsteak,  100  gm. 

Potato  (baked,  mashed,  or  boiled)  130  gm. 

Green  vegetables  as  desired. 

Two  slices  bread  (30  gm.  each)  ;  butter,  20  gm. 

Tea,  180  c.c. ;  sugar,  1  teaspoonful;  milk,  20  c.c. 

Water,  250  c.c. 

Pudding  (tapioca  or  rice),  110  gm. 

Supper,  5  P.M. : 

Two  eggs  cooked  any  style. 

Two  slices  bread   (30  gm.  each)  ;  butter,  20  gm. 

Tea,  180  c.c;  sugar,  1  teaspoonful;  milk,  20  c.c. 

Fruit  (stewed  or  fresh),  1  portion. 

Water,  300  c.c. 

8  A.M.  No  fluid  or  food  is  to  be  given  during  the  night  or  until  8  o'clock  the  next  morn- 
ing  (after  voiding),  when  the  regular  diet  is  resumed. 

Patient  is  to  empty  bladder  at  8  a.m.,  and  the  end  of  each  period,  as  indicated  below. 
The  specimens  are  collected  for  the  following  periods  in  properly  labeled  bottles:  8  a.m.  to 
10  a.m.  ;  10  A.M.  to  12  N. ;  12  n.  to  2  p.m.  ;  2  p.m.  to  4  p.m.  ;  4  p.m.  to  6  p.m.  ;  6  p.m.  to  8  p.m.  ; 
8  p.m.  to  8  A.M.  If  specimens  are  not  examined  at  once,  a  preservative  such  as  thymol  or 
chloroform  should  be  added,  or  specimen  should  be  kept  in  ice  box. 

The  salt  is  furnished  in  weighed  amounts  in  three  capsules,  each  capsule  containing  2.3 
grams  of  salt.    One  capsule  for  each  meal. 
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This  meal  contains  about  3.4  grams  of  nitrogen,  8.5  grams  of  salt  inclusive 
of  the  2.3  grams  given  in  each  capsule,  1760  c.c.  of  fluid  and  considerable  purins. 
This  diet  is  given  to  the  patient  for  one  full  day,  during  which  the  specimens  are 
collected  every  two  hours.  Each  specimen  of  urine  is  accurately  measured  and 
the  specific  gravity  determined.  The  night  urine  is  saved  in  one  twelve-hour 
specimen  and  its  amount  and  specific  gravity  determined.  At  the  termination  of 
the  test,  the  twenty-four-hour  urine  has  thus  been  collected  in  six  two-hour 
specimens  and  one  twelve-hour  specimen.  Nitrogen  and  total  sodium  chloride 
are  determined  in  the  total  day  specimen  and  the  total  night  specimen,  the  results 
being  then  balanced  with  the  intake.  If  the  diet  as  here  given  has  been  taken  in 
its  entirety,  the  final  balancing  is  much  simplified.  If  it  has  not  all  been  taken, 
accurate  weights  must  be  had  of  the  portions  that  were  refused.  The  above  diet 
has  been  worked  out  primarily  for  the  use  of  hospitals  where  all  the  necessary 
chemical  procedures  can  be  conducted.  If  the  exact  diet  can  not  be  supplied 
in  the  home,  certain  modifications  may  be  made  without  interference  with  the 
value  of  the  test,  so  long  as  it  contains  enough  salt,  nitrogen,  and  purins  to  give  a 
proper  test  of  kidney  function.  In  such  cases  it  is  well  to  have  the  patient  record 
on  a  slip  of  paper  what  was  eaten  at  each  meal  so  that  there  is  no  doubt  as  to 
the  amount  that  was  taken.  It  is  desirable  also  to  keep  account  of  the  amount  of 
water  and  fluids  taken  at  each  meal.  The  urine  is  collected  in  exactly  the  same 
way  as  in  the  directions  given  above  and  the  amount  of  each  specimen  and  the 
specific  gravity  determined.  If  patients  are  irrational  and  have  involuntaries, 
the  mere  collection  of  two-hour  specimens  and  determining  the  specific  gravity 
will  yield  very  valuable  information. 

Mosenthal  says,  "that  great  variations  may  be  permitted  in  the  above  men- 
tioned directions  but  that  certain  ones  must  be  followed  slavishly,  if  the  maximum 
results  are  to  be  obtained."  The  urine  must  be  collected  punctually  every  two 
hours,  if  it  is  possible;  if  not,  the  urine  should  be  voided  at  the  end  of  the  next 
two-hour  period. 

Two  or  three  imi)ortaut  jioints  must  be  kept  in  mind  in  the  examination  of 
all  specimens :  the  characteristics  of  the  day  urine,  and  night  urine,  and  the 
specific  gravity  of  each  individual  specimen;  the  quantity  of  the  individual  speci- 
mens of  the  day  urine,  and  the  quantity  of  the  night  urine. 

THE    NORMAL    URINARY   RESPONSE   TO   TllE    NErilRlTiC    TEST    MEAL. 

Only  one  of  the  tables,  showing  the  normal  urinary  response  to  the  renal 
test  meal,  will  be  given  as  it  will  serve  as  an  example  lo  point  out  the  things  to 
be  borne  in  mind  in  passing  judgment  on  sul)sc'(iucnl  rc-aclions,  or  those  show- 
ing a  deviation  from  the  normal.  Usually  in  normal  individuals  there  is  a  slight 
diuresis  immediately  following  each  of  the  meals.  This  was  well  marked  in  the 
observations  of  Hedinger  and  Schlaycr,-  but  it  has  not  been  so  prominent  in  the 
normal  reactions  to  tin-  nc|)liritic  test  meal  in  iMosi'Mllial's  serii-s.  In  tin-  reaction 
given  in  'liable  I,  there  is  no  diuresis  following  breakfast,  but  tlu-rc  is  a  sbghtly 
delayed  diuresis  following  each  of  the  f)thcr  meal.*;. 
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Table  I. 
Normal 


TIME 

AMT. 

SP.  GR. 

SODIUM  CHLORIDE 

NITROGEN 

1 

C.C. 

GM. 

% 

GM. 

% 

8-10 

75 

1.017 

0.7 

.94 

1.008 

1.34 

10-12 

261 

1.006 

1.67 

.74 

1.196 

.46 

12-2 

530 

1.000 

1.96 

.37 

1.44 

27 

2-4 

194 

1.013 

1.67 

.86 

1.227 

.63 

4-6 

135 

1.017 

1.16 

.86 

1.036 

.76 

6-8 

395 

1.003 

1.42 

.35 

1.327 

.34 

Total  dav 

1590 

8.38 

7.234 

Night    8-8 

290 

1.021 

1.68 

.58 

3.717 

1.28 

Total 

1880 

10.26 

10.951 

Intake 

1760 

■     8.5 

13.4 

Balance 

-120 

-1.76 

^1-57 

The  important  points  in  this  normal  reaction  are  as  follows : 

1.  A  night  urine  of  under  400  c.c.  in  quantity. 

2.  A  positive  balance  of  fluid  to  the  body  of  not  over  400  c.c. 

3.  Variation  of  the  specific  gravity  of  the  day  specimens  of  ten  points  or 
more  and  a  night  urine  with  a  specific  gravity  of  1.016  or  over. 

4.  Excretion  of  all  of  the  ingested  salt. 

5.  An  output  of  90  per  cent  or  more  of  the  ingested  nitrogen  throvigh  the 
kidney  and  a  night  urine  containing  more  than  1  per  cent  of  nitrogen. 

Nocturnal  polyuria  represents,  in  the  majority  of  instances,  the  first  mani- 
festation of  a  failure  on  the  part  of  the  kidney  to  properly  perform  its  function. 
As  the  power  of  the  kidney  to  concentrate  the  urine  begins  to  fail,  more  water 
must  be  excreted  to  rid  the  body  of  salts ;  consequently,  a  gradual  increase  in  the 
frequency  of  urination  during  the  night  should  in  all  cases  be  viewed  with  suspicion. 
Mosenthal  has  shown  when  normal  individuals  are  being  observed  for  their  reac- 
tion to  the  renal  test  meal,  the  night  urine  never  exceeds  400  c.c.  If,  however, 
an  extremely  small  amount  of  fluid  or  food  is  taken  after  5  p.m.  the  output  be- 
comes greater.  Of  the  ingested  fluids,  by  far  the  largest  amount  is  given  off  as 
urine,  some,  however,  is  lost  by  respiration,  sweat,  and  feces,  and  some  is  retained 
by  the  body  to  maintain  its  normal  water  balance.  Normal  individuals  may  show 
a  marked  diuresis  on  this  diet  and  will  lose  all  of  the  ingested  fluids,  beside  some 
from  their  body.  As  a  general  rule  most  normal  patients  retain  with  this  diet  up 
to  400  c.c.  of  fluid;  consequently,  any  retention  over  400  c.c.  should  be  looked 
upon  as  abnormal.  The  specific  gravity  in  the  daily  two-hour  specimens  and 
night  specimen  from  normal  kidneys  show  a  variation  in  the  specific  gravity  of 
10  points,  unless  water  has  been  unduly  restricted.  This  ability  on  the  part  of 
the  kidneys  to  excrete  a  urine  of  either  high  or  low  specific  gravity,  depending 
upon  which  is  necessary  to  maintain  the  normal  fluidity  of  the  body,  is  distinctly 
an  indication  of  unimpaired  renal  function.  The  salt  excretion  in  normal  in- 
dividuals upon  this  diet  is  usually  slightly  in  excess  of  the  intake.  The  reason 
for  this  slight  salt  excess  in  the  excretion  is  due  to  the  mild  diuresis  that  is  pro- 
duced by  the  renal  test  meal.    About  90  per  cent  of  ingested  nitrogen  is  excreted 
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in  the  urine,  the  remainder  escapes  through  the  sweat  and  feces ;  consequently, 
subjects  with  normal  kidney  elimination  will  have  a  positive  balance  of  from  1.5 
to  2  grams  of  nitrogen  on  this  diet.  The  night  urine  will  contain  more  than  1 
per  cent  of  the  total  nitrogen  output,  in  subjects  without  any  fixation  of  the 
specific  gravity. 

THE  URINARY  RESPONSE  TO  THE  TEST   MEAL  IN  DISEASE. 

When  the  kidney  has  become  the  seat  of  a  nephritis,  the  flexibility  of  the 
organ  becomes  impaired  and  this  impairment  is  manifested  by  an  inability  to  con- 
centrate the  urine.  It  must  also  be  borne  in  mind,  that  the  inability  to  concen- 
trate the  urine  is  not  alone  the  manifestation  of  a  diseased  kidney,  but  that  manv 
other  conditions  give  rise  to  the  same  phenomena.  Mosenthal  has  observed  fixa- 
tion of  specific  gravity  in  nephritis,  pyelitis,  cystitis,  associated  with  prostatic 
hypertrophy,  hydronephrosis,  pyonephrosis,  polycystic  kidneys,  renal  congestion 
due  to  cardiac  decompensation,  diabetes  insipidus,  and  severe  anemias. 

Table  II  gives  Mosenthal's  data  of  the  specific  gravity  in  the  specimens  ob- 
tained in  the  above  mentioned  conditions,  when  patients  are  put  on  the  test 
nephritic  diet.  This  is  a  representative  list  from  the  Table  as  compiled  by 
Mosenthal. 

T.\BUE  II. 

CASE  SPECIFIC   GRAVITY  DEGREE  OF  VARIATION 

OF   SPECIMENS  IN   RE.\DINGS 

Normal  16-19-12-14-20-10  10 

Incipient  primary 

contracted   kidney  09-14-09-10-14-06  8 

Advancing  primary 

contracted  kidney  19-20-20-20-21-20  2 

.\dvanced  primary 

contracted  kidney  11-11-10-11-11-11  1 

Incipient  chronic 

diffuse  nephritis  09-16-15-17-12-07  10 

Advanced  chronic 

diffuse  nephritis  12-11-14-11-13-11  3 

Congested  kidney ; 

myocardial  decomp.  18-20-19-18-20-21  .3 

Polycystic  kidney  10-10-10-11-10-10  1 

Marked  anemia  10-10-10-10-10-11  1 

Diabetes    insipidus  04-04-06-04-04-04  2 

Cystitis,  pyelitis, 

prostatic  hypertn)i)hy  10-10-10-10-11-11  1 

Pyonephrosis  11-12-12-13-12-12  2 

Table  III  represents  the  res])()nsc  of  a  case  in  Mosenthars  series,  with 
marked  myocardial  decompensation,  to  the  nephritic  test  meal.  The  uriiu-  output  is 
extremely  small;  the  night  urine  is  sligiitly  un<ici-  normal  in  amount.  Tlu-re  is  a 
marked  ])ositive  fluid  balance,  showing  ihal  ihf  p.ilicnt  was  accunnilating  an 
edema.  Tlu-re  is  fairly  marked  lixation  of  the  >pecihc  gra\it\  ;  it  is.  l)owe\er. 
fixed  at  a  high  point,  showing  that  the  kidneys  still  had  i)ow(  r  to  concentrate  the 
urine.     'I'lie  salt  retention  here  is  .ilx)  (|uilc  consistent   with  the  usual  findings  in 
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Table  III. 
Reaction  to  the  Test  Meal  in  Marked  Cardiac  Decompensation, 
time  of  day  urine  sp.  gr.  sodium  chloride  nitrogen 

C.C.  %  GM.  %  GM. 

840 

10-12 

12-2 

2-4 

4-6 

6-8 


65 

1.025 

53 

1.024 

51 

1.024 

49 

1.025 

TH 

1.024 

57 

1.021 

Total   day 
Night  8-8 

312 
172 

1.021 

0.58 
0.42 

1.81 
0.72 

1.53 
1.67 

4.77 
2.87 

Total  day 
Intake 

484 
995 

2.53 
7.00 

7.64 
9.40 

Balance 

+511 

+4.47 

+1.76 

this  type  of  case,  where  there  is  a  rapidly  accumulating  edema,  and  the  salt  is 
needed  to  sufficiently  concentrate  the  fluid  retained.  The  nitrogen  excretion  is 
perfectly  normal. 

Table  lY  shows  the  reaction  of  an  Advanced  Hypertensive  Nephritis,  in  our 
series,  to  the  Test  Meal. 

Table  IV. 
Reaction  to  the  Test  Meal  in  Advanced  Hypertensive  Nephritis. 

TIME  OE  day  urine  SP.   GR.  SODIUM   CHLORIDE  NITROGEN 

C.C.  %  GM.  %  GM. 

8^l0 

10-12 
12-2 
2-4      • 
4-6 
6-8 


79 

1.007 

145 

1.009 

123 

1.009 

150 

1.009 

115 

1.010 

78 

1.007 

Total  day 
8-8 

690 
695 

1.009 

.27 
.28 

1.87 
1.92 

0.36 
0.40 

2.48 
2.81 

Total  24  hours 
Intake 

1385 
1460 

3.79 
5.70 

5.29 
9.11 

Balance 

+75 

+1.91 

+3.82 

The  marked  fixation  of  the  specific  gravity,  the  greatest  variation  being  but 
three  points  in  all  of  the  specimens,  and  the  constancy  of  the  urine  output  in  each 
two-hour  periods,  will  be  observed.  There  is  quite  a  marked  nocturnal  polyuria  ;■ 
this  is  usually  one  of  the  earliest  manifestations  of  an  hypertensive  nephritis,  and 
becomes  especially  marked  in  the  late  case.  The  salt  reaction  is  perfectly  normal. 
From  the  large  positive  nitrogen  balance  in  this  case  there  is  evident  nitrogen  re- 
tention, which  is  very  characteristic  in  the  advanced  cases  of  hypertensive 
nephritis. 

Table  V  shows  the  response  of  kidneys  that  were  the  seat  of  a  chronic  dif- 
fuse nephritis.  The  daily  specimens  are  small  in  amount,  with  an  evident  noc- 
turnal polyuria.     There  is  marked  water  and  salt  retention.     This  patient,  like 
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Table  V. 
Reaction  of  Chronic  Diffuse  Nephritis  to  the  Test  Meae.     (Mosenthai,.) 


TIME  OF  DAY 

urine 

SP.   GR. 

SODIUM 

CHLORIDE 

NITROGEN 

c.c. 

% 

GM. 

% 

CM. 

8-10 

32 

1.025 

10-12 

12-2 

54 

1.024 

2-4 

.64 

1.033 

4-6 

64 

1.028 

6-8 

66 

1.030 

Total  day 

280 

0.18 

0.50 

1.91 

5.34 

Night  8-8 

595 

1.016 

0.08 

0.48 

0.93 

5.53 

Total  24  hours 

875 

0.98 

10.87 

Intake 

1760 

8.50 

13.40 

Balance 

+885 

+7.52 

+2.53 

the  preceding  one,  was  accumulating  an  edema.  The  concentration  of  the  in- 
dividual urine  specimens  is  high,  and  there  is  a  fixation  of  the  specific  gravity. 
In  some  cases  there  may  be  very  severe  nephritis  without  such  a  marked  fixation 
of  the  specific  gravity.  It  is  in  the  chronic  diffuse  nephritis  that  the  fixation  of 
the  specific  gravity  is  equivocal ;  for  example,  in  one  case  of  early  diffuse  nephritis, 
the  following  specific  gravities  were  noted:  1.016,  1.015,  1.005,  1.008,  1.015,  1.014, 
and  1.017.  In  certain  instances,  as  in  this  case,  if  it  were  not  for  the  clinical  evi- 
dence that  the  patient  was  accumulating  an  edema,  this  response  to  the  test  meal 
would  have  doubtless  been  hard  to  differentiate  from  one  which  was  perfectly  nor- 
mal. The  nitrogen  excretion  in  this  case  is  perfectly  normal.  The  most  important 
point  to  observe  is  the  high  nitrogen  excretion  with  a  nocturnal  polyuria.  In  the 
hypertensive  nephritis,  there  is  a  marked  nocturnal  polyuria  with  a  low  nitro- 
gen excretion,  i.  e.,  much  under  1  per  cent.  In  the  chronic  diffuse  nephritis  the 
nocturnal  polyuria  may  be  quite  evident  but  the  nitrogen  excretion  follows  it  vcr\- 
closely  in  trying  to  maintain  a  1  per  cent  average. 

The  response  to  the  nephritic  test  meal  in  the  case  of  chronic  diffuse  nephritis 
may  simulate  very  closely  that  obtained  in  a  myocardial  decom[)ensation.  The 
main  points  of  differentiation  are  the  physical  examination,  the  nocturnal  polyuria, 
and  the  fixation  of  the  specific  gravity. 

The  cases  with  myocardial  insufficiency  ha\e  ikj  nocturnal  polyuria,  and  the 
specific  gravity  is  usually  fixed  at  a  high  point.  The  chronic  dift'usc  nephritis  has 
marked  nocturnal  polyuria  and  may  or  may  not  have  fixation  of  the  specific  grav 
ity,  but  if  it  is  fixed  it  is  usually  at  a  lower  point.  Mosenthai  has  shown  that 
myocardial  decompensation  cases  vary  in  their  reaction  to  the  test  meal,  depend- 
ing upon  whether  they  arc  decompensating  with  an  acciuuulating  tnUin.i,  or 
whether  the  edema  is  disappearing,  or  shortly  ,'ittn"  it  has  disaiipeared. 

SUMMAKV. 

The  test  as  carried  out  represents  a  stndy  of  specific  gra\ity,  salt,  nitrogrn, 
and  water  excretion  on  two-hour  siK-cinu-ns  during  the  day  and  twelve-hour  urine 
for  the  night  period.     Normal  individuals  }  icid  urine  s]>eciinens  which  vary   10 
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points  or  more  in  the  specific  gravity.  The  vohime  of  the  night  urine  never  rises 
above  400  c.c.  The  specific  gravity  is  usually  1.016,  or  above,  and  the  nitrogen  ex- 
cretion over  1  per  cent.  When  kidney  function  becomes  impaired  it  is  first  mani- 
fested by  a  rise  in  the  excretion  of  the  night  urine;  i.  e.,  the  night  urine  exceeds 
400  c.c.  and  the  nitrogen  excretion  becomes  lov^'er  than  1  per  cent.  In  severe 
cases  of  chronic  nephritis  the  specific  gravity  becomes  markedly  fixed  both  in  the 
day  specimens  and  the  night  urine.  The  fixation  of  the  specific  gravity  usually 
occurs  at  a  verv  low  level.  Such  changes  are  not  alone  confined  to  nephritis,  but 
may  occur  in  other  conditions ;  pyelitis,  cystitis,  hypertrophied  prostate,  marked 
anemia,  pyonephrosis,  polycystic  kidney  and  diabetes  insipidus.  It  will  appear 
evident  that  the  cause  of  the  deviation  from  a  normal  reaction  to  the  test  meal 
must  be  sought  in  either  the  blood,  kidneys,  or  the  urinary  passages. 

Finally  the  test  meal  represents  a  rather  elaborate  study  of  many  phases  of 
kidney  function.  However,  it  is  not  a  complicated  procedure,  and  is  one  that 
lends  itself  verv  nicelv  to  the  needs  of  the  busy  practitioner. 


A  THERMOSTAT  FOR  A  WATER-BATH 


By  Miles  J.  Breuer,  M.D.,  Lincoln,  Neb. 


IN  a  past  issue  of  the  Journal,  the  writer  described  a  thermostat  for  a  laboratory 
water-bath  for  the  inactivation  of  vaccines  and  serums  and  the  incubation  of 
biologic  reactions.  The  thermostat  consisted  of  capillary  tubes  and  bulbs  con- 
taining mercury ;  at  the  proper  degree  of  temperature  the  mercury  made  a  con- 
tact with  a  platinum-pointed  wire,  thereby  operating  a  relay  which  broke  the  cir- 
cuit of  the  heating  element.  This  thermostat  was  very  accurate  when  in  good 
order,  but  had  the  following  disadvantages  :  it  was  difficult  of  construction  for 
one  not  experienced  in  glass  working  and  electrical  work ;  it  was  very  compli- 
cated, easily  got  out  of  adjustment,  took  up  a  large  amount  of  space,  and  the  ad- 
hering of  the  mercury  to  the  sides  of  the  capillary  tube  and  consequent  inter- 
ference with  accuracy  was  very  difficult  to  avoid.  The  writer  has,  therefore, 
worked  with  a  number  of  different  forms  of  thermostat,  with  a  view  to  find- 
ing one  which  is  readily  made,  compact,  and  not  easy  to  get  out  of  adjustment. 
The  two  described  here  have  been  found,  u])on  use  for  some  time,  to  fulfill  these 
requirements. 

The  first  one  that  was  found  serviceable  is  illustrated  in  Fig.  1.  It  consists 
of  a  two-ounce  flat  ointment  can  of  tinned  sheet  iron,  a  very  familiar  object  to 
the  drug  dispenser.  The  lid  was  soldered  on  around  the  entire  circumference, 
so  that  the  can  was  completely  sealed,  and  capable  of  withstanding  some  internal 
pressure.  A  few  cubic  centimeters  of  ether  are  sealed  in  the  can,  being  intro- 
duced through  a  pin-point  opening  which  is  then  soldered  up.  This  is  done  after 
the  rest  of  the  soldering  on  the  instrument  is  finished,  but  is  mentioned  first  in 
order  to  make  the  principle  clear. 
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The  warming  of  the  drum  vaporizes  the  ether  and  creates  a  pressure,  which 
raises  the  upper  surface  of  the  drum,  raising  in  turn  the  upright  C,  hfting  the 
contact  at  H  from  the  fixed  arm  BDG,  and  breaking  the  heating  circuit.  B  is 
a  heavy  piece  of  brass  soldered  to  the  side  of  the  drum,  and  bent  at  right  angles 
at  F.  At  F,  a  piece  of  heavy  red  fiber  material  D  (such  as  is  used  by  surgeons 
for  splints  or  by  electricians  as  an  insulator)  firmly  riveted,  so  that  it  is  parallel 
to  the  top  of  the  drum,  and  its  end  extends  over  the  central  point  of  the  upper 
surface  of  the  drum.     On  the  end  of  the  fiber  piece,  at  G,  is  riveted  a  piece  of 
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brass,  which  carries  tlie  platinum  contact  point,  and  the  w  irc-conncclor,  li.  Tlu' 
upright  piece,  C,  is  soldered  by  its  bent  l)ase  to  the  central  part  of  the  drum's 
upper  surface.  To  its  upper  end  is  screwed  a  lilock  of  oak  (or  of  some  insulat- 
ing composition)  ;  and  through  it  is  i)Ut  the  contact  screw  with  milled  ln'ad  tor 
thumb  adjustment.  It  is  ])referable  that  the  tlnx-ad  of  the  screw  catcli  in  the 
block,  so  as  to  hold  it  steadier,  'i'his  makes  tln'  adinstment  more  accuratt'. 
Above  the  block,  a  nut  is  threaded  on  the  screw,  carrying  the  wiii-  connector,  li. 
The  purpose  of  the  block  and  the  lilx-r  >1rip  is  to  pre\enl  short  circuiting,  and 
grounding  of  the  current  in  the  water.  The  piece  ./  was  soldered  on  the  drum  in 
order  that  the  instrument  may  i)e  lninl\    attached  to  tlu'  side  of   tlu-  containing 
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vessel.  The  entire  apparatus  was  given  a  heavy  coating  of  copper  in  an  elec- 
tric bath,  to  prevent  corrosion  in  the  water-bath. 

Another  thermostat  which  was  found  to  be -simpler  and  more  easily  con- 
structed, though  not  quite  so  accurate,  is  shown  in  Fig.  2.  It  consists  of  a  bar 
of  two  substances  with  different  coefficients  of  heat  expansion,  fastened  rigidly 
together,  fixed  vertically  to  the  bottom  of  the  vessel  containing  the  water.  At 
first  we  used  a  bar  of  spring-brass- and  ebonite,- riveted  together  with  numerous 
rows  of  rivets,  placed  as  close  together  as  possible.  Later,  a  bar  was  made  by 
soldering  together  a  strip  from  a  large  clock-spring,  and  a  piece  of  copper.  Both 
forms  worked  equally  well.  The  upper  end  projects  from  the  water,  so  that  the 
portion  where  the  connections  and  contacts  are  made,  is  not  in  danger  of  becom- 
ing wet.  A  block  of  ebonite  or  fiber  E,  is  riveted  to  the  end  of  the  bar  to  furnish 
an  insulating  base  on  which  to  mount  the  contact  and  thereby  prevent  grounding 
of  the  current  in  the  water.  The  wire  is  led  to  this,  through  a  loose  coil  of 
soft  wire,  ff',.  in  order  that  the  motions  of  the  bar  may  not  be  interfered  with. 
The  platinum  contact  is  carried  on  a  small  plate  of  brass  on  the  surface  of  the 
fiber  or  ebonite,  to  which  plate  the  connecting  wire  is  also  soldered. 

The  contact  screw  is  mounted  as  shown  in  the  illustration,  on  a  bracket  of 
ebonite,  fiber,  or  hard  wood,  or  some  insulating  material,  to  prevent  grounding 
of  the  current. 

Both  of  these  pieces  of  apparatus  are  easily  constructed.  If  the  laboratory 
worker  is  not  able  to  do  the  soldering  and  riveting  himself,  a  machinist  will  do  it 
for  him  at  a  very  small  cost.  The  copper-plating  required  in  the  case  of  the 
apparatus  of  Fig.  1,  is  a  very  simple  procedure  for  a  laboratory  furnished  with 
a  source  of  direct  current,  or,  a  plater  will  do  it  for  a  few  cents.  The  conven- 
ience afforded  by  the  possession  of  an  apparatus  of  this  sort  will  more  than  repay 
even  the  small  laboratory  for  the  trouble  or  cost  entailed  in  its  construction.  Fig. 
3  shows  the  connections  recommended  for  the  thermostat  and  water-bath,  includ- 
ing a  condenser  to  pi^event  excessive  sparking  at  the  point  where  the  contact  is 
broken. 
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EDITORIALS 


The   Composition   of  the   Alveolar  Air   and   the    Respiratory 

Dead  Space 

THE  importance  of  the  estimation  of  the  gaseous  composition  of  the  alveolar 
air  is  emphasized  by  the  numerous  recent  papers  in  which  the  tension  of 
the  alveolar  gases  forms  a  basic  figure  in  the  data  from  which  the  conclusions 
are  drawn.  One  has  only  to  consider  what  a  hair-trigger  mechanism  the  res- 
piration is  to  appreciate  what  gross  changes  may  take  ])lace  from  moment  to 
moment  in  the  air  within  the  lungs.  When  we  swallow,  talk,  per  form  a  i»re- 
cise  movement,  or  when  the  attention  is  directed  to  the  respiration,  we  uncon- 
sciously change  the  type  of  breathing.  This  affects  the  composition  of  the  alveo- 
lar air  to  a  greater  or  less  extent.  The  theoretic  factors  which  must  I)e  con- 
sidered in  a  method  to  estimate  the  com[)osition  of  the  alveolar  air  are  easily 
determined,  hut  to  i)roduce  a  method  which  conforms  to  (he  theoretic  re(|uiri-- 
ments  and  at  the  same  time  is  ])ractical  because  of  the  pcrsoual  factors,  is  one 
of  the  most  difficult  ])roblems  which  confronts  the  physiologist. 

The  simplest   method   which   has  been   devised   to  determine   the   tt'usion   of 
the  alveolar  gases  is  that  of   llaidaiK'  and    I'liestley,  which  consists  in  having  a 
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person  with  his  nose  clamped  breathe  through  a  piece  of  hose  pipe  about  a  meter 
long,  furnished  at  the  end  next  the  mouth  with  a  side  tube  leading  to  an  evacu- 
ated gas-sampling  tube  of  about  50  ex.  capacity.  After  the  person  has  become 
accustomed  to  breathing  through  the  tube,  he  is  asked  to  make  a  forced  expira- 
tion and  at  the  end  of  it  to  close  the  mouth-piece  with  his  tongue.  At  this  mo- 
ment the  operator  immediately  opens  the  tap  of  the  sampling  tube  and  air 
rushes  in  from  the  tube  through  which  the  person  has  expired.  This  sample 
evidently  represents  air  which  has  been  in  the  alveoli.  Its  percentage  com- 
position is  then  determined  by  analysis.  Since  the  tension  of  the  alveolar  gases 
changes  on  account  of  the  diluting  effect  of  the  inspired  air,  it  is  necessary  to 
take  two  samples,  one  from  the  expiration  following  a  normal  inspiration  and 
one  from  a  forced  expiration  following  a  normal  expiration.  The  average  of 
the  percentages  found  for  each  gas  is  supposed  to  give  the  mean  percentage  of 
the  gas  in  the  alveolar  air. 

On  account  of  the  difficulty  in  having  patients,  especially  children,  assist 
properly  in  this  method,  others  have  been  devised,  of  which  the  simplest  per- 
haps is  that  of  Fridericia,  which  consists  in  expiring  forcibly  through  a  specially 
constructed  U-tube  and  then  analyzing  the  sample  of  the  air  remaining  in  the 
tube.  The  method  has  been  described  fully  in  an  earlier  number  of  the  Journal. 
Henderson  and  Morriss^  have  recently  proposed  an  excellent  modification  of  the 
Haldane-Priestley  method  for  obtaining  the  alveolar  sample.  In  the  latter 
method  they  point  out  that  one  of  the  chief  difficulties  lies  in  the  fact  that  un- 
trained subjects  are  apt  to  take  a  deep  inspiration  before  they  make  the  forced 
expiration.  In  order  to  obviate  this  difficulty,  Henderson  and  Morriss,  have 
devised  an  instrument,  which  consists  of  a  glass  tube  of  moderate  bore  at  the 
low^er  end  and  of  small  bore  at  the  upper  end,  with  a  small  bulb  connecting  the 
two  tubes.  The  lower  end  fits  loosely  into  a  large-necked  bottle  containing  a 
little  acidulated  water.  The  upper  tube  is  connected  with  a  mouth-piece  by  a 
small  rubber  tube,  which  can  be  closed  with  a  Mohr  clip.  The  subject  is  in- 
structed to  take  a  normal  breath  through  the  tube  and  then  to  expire  forcibly. 
In  doing  this  he  sucks  a  little  water  into  the  tube,  but  since  the  bottle  contains 
insufficient  water  to  fill  the  tube,  air  is  sucked  in  with  some  resistance.  This 
slight  resistance  and  the  bubbling  of  the  air  passing  through  the  water  tend  to 
prevent  the  subject  from  taking  more  than  a  normal  inspiration;  and  when  the 
forced  expiration  is  made,  the  last  part  of  it  is  caught  by  closing  the  upper 
end  Avith  the  pinchcock,  the  water  automatically  closing  the  lower  end.  The 
air  in  the  tube  is  then  analyzed. 

Another  method  which  has  been  extensively  used  for  clinical  purposes  is 
that  of  Plesch,  which  consists  in  having  the  person  breathe  several  times  in  and 
out  of  a  bag.  It  is  assumed  that  after  such  respiration  the  composition  of  the 
air  in  the  bag  will  become  the  same  as  that  in  the  alveoli.  Although  there  is  no 
doubt  that  this  is  true,  yet  it  has  been  shown  that  the  method  is  fallacious  on  ac- 
count of  the  fact  that  the  carbon-dioxide  tension  thus  determined  is  not  that 
of  the  arterial  blood,  but  rather  approaches  that  of  the  venous. 

The  principle  used  in  the  Haldane-Priestley  method,  and  in  its  various  modi- 
fications, has  been  severely  criticized  by  Krogh  and  Lindhard.-     These  authors 
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point  out  that  the  thiie  required  to  expire  forcibly  is  appreciable,  and  that  during 
this  time  the  percentage  composition  of  the  alveolar  air  is  changing.  Therefore, 
a  sample  taken  from  an  expiration  following  a  normal  inspiration  does  not  repre- 
sent the  alveolar  air  at  the  end  of  inspiration,  but  at  a  time  somewhat  after  that, 
when  the  oxygen  tension  is  highest  and  the  carbon-dioxide  tension  lowest  in  the 
alveolar  air.  The  average  obtained  from  the  estimations  of  samples  taken  at 
the  end  of  a  forced  expiration  following  a  normal  inspiration  and  expiration  is, 
therefore,  higher  than  the  mean  tension  for  carbon  dioxide.  They  point  out  that 
this  error  is  exaggerated  when  the  rate  of  metabolism  is  increased,  as  during  exer- 
cise, and  they  account  in  this  way  for  the  great  increase  in  the  capacity  of  the  air 
passages  found  by  Haldane  and  Douglas  during  the  deep  breathing  of  exercise. 
For  this  reason  they  believe  that  it  is  much  better  to  calculate  the  composition 
of  the  alveolar  air  from  the  average  composition  volume  of  the  expired  air  and 
the  volume  of  the  dead  space,  the  latter  figure,  they  assume,  being  fairly  con- 
stant for  persons  of  the  same  height  and  weight.  In  this  view  they  are  directlv 
opposed  to  the  teachings  of  the  Haldane  school  that  the  dead  space  is  a  rapidlv 
and  constantly  changing  volume,  and  not  an  anatomic  entity.  Haldane  and  co- 
workers, in  England,  and  Henderson  and  his  pupils,  in  this  country,  did  not  ac- 
cept the  criticism  of  Krogh  and  Lindhard,  and  they  again  championed  the  theory 
that  the  "virtual"  or  "physiologic"  dead  space  varies  with  the  size  of  the  respira- 
tion, and  that,  therefore,  all  estimations  of  the  tension  of  the  alveolar  gases  based 
upon  a  constant  dead  space  are  of  doubtful  accuracy,  and  that  the  dead  space  is 
not  an  anatomic  structure.  Indeed,  Haldane  and  Henderson  both  affirm  that 
the  dead  space  progressively  increases  up  to  over  four  hundred  ])er  cent  in 
breaths  of  increasing  volume  until  the  maximum,  and  that  the  virtual,  or  physio- 
logic, dead  space  for  carbon  dioxide  is  less  then  that  for  oxygen.  They  account 
for  this  by  assuming  that  the  carbon  dioxide  is  excreted  by  the  bronchial  tubes 
more  rapidly  than  oxygen  is  absorbed.  They  also  answered  the  criticism  of 
Krogh  and  Lindhard  in  part  by  showing  that  in  deep  breathing  alone  the  dead 
space  is  increased  exactly  as  much  as  during  exercise,  and  that,  therefore,  the 
error  which  increased  metabolisni  introduces  into  the  alxeolar  air  determinations 
is  not  of  vital  importance. 

Krogh  and  Lindhard  have  recently  repeated  their  earlier  experimenis  and 
have  confirmed  their  conclusions  that  the  dead  sjjace  does  not  \:\yy  ajipreciably 
when  respirati(ms  of  ordinary  volume  are  made,  and  that  only  with  tb.c  deepest 
resi)irations  is  the  increase  in  the  ca|)acity  of  the  air  passages  important.  l"*or 
example,  they  found  that  the  increase  in  the  dead  s])ace  when  rt'S])irati()ns  of  1.^00 
c.c.  where  made  was  slight,  and  that  respirations  of  about  twice  this  amount  in- 
creased the  capacity  of  the  dead  space  by  perha])s  100  c.c.  This  increase  they 
believe  to  be  due  to  the  stretching  of  the  bronchial  tubi-s.  They  poiiu  oui  that 
the  difference  in  their  results  and  those  of  Haldane  and  liciKlerson  in  regard  to 
changes  in  the  capacity  of  the  dead  space  is  i\uc  to  an  nroi-  introduci-d  1)\  the 
fact  that  one  of  the  basic  figures  in  the  fornuila  which  Haldane  and  I'riestley  use 
in  the  calculation  of  the  dead  space  is  tlu-  pciccntage  of  carbon  dioxide  excreted 
or  oxygen  absorbed  in  the  lung  air,  which  figure  is  obtained  by  the  llaldane- 
Priestlev  method  outlined  above,  and  is  accordingly  higlu-r  than  it  should  be. 
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The  small  increase  in  the  size  of  the  dead  space  which  Krogh  and  Lind- 
hard  found  to  occur  during  progressively  increasing  respiratory  volumes,  is  of 
some  interest.  Their  data  show  that  the  increase,  small  as  it  relatively  is,  becomes 
progressively  greater  as  the  volume  increases.  With  respirations  of  moderate 
depth  there  is  only  a  small  increase  in  the  capacity  of  the  respiratory  passages, 
and  beyond  this  point  the  change  becomes  progressively  greater.  These  investi- 
gators believe  that  their  results  show  that  the  dead  space  is  a  real  anatomic  entity, 
consisting  of  what  one  may  term  the  nontranspiratory  portion  of  the  lungs,  that 
is,  the  upper  respiratory  passages  and  bronchioles.  The  increase  they  find  in  deep 
respirations  they  attribute  to  stretching  of  the  bronchioles.  A  consideration  of 
the  data,  which  they  plot  as  a  curve,  is,  interesting  from  a  mathematic  standpoint, 
since  it  lends  force  to  their  argument.  The  walls  of  the  bronchi  and  bronchioles 
are  made  up  largely  of  elastic  and  smooth  muscle  tissue,  which  is  extensible  and 
responds  to  changes  in  pressure  with  equal  degrees  of  expansion  or  contraction. 
As  the  respirations  increase,  the  expanding  force  of  the  inspiratory  movements 
of  the  thorax  increases,  the  diameter  of  the  bronchi  and  bronchioles  enlarging 
by  more  or  less  equal  increments  according  to  the  amount  of  the  expanding  force. 
The  increase  in  the  diameter  or  circumference  is  directly  proportional  to  this 
force,  but  the  area  of  the  cross  section  of  the  bronchi  increases  progressively  as 
the  square  of  the  diameter.  This  is  more  easily  appreciated  if  one  calls  to  mind 
the  fact  that  the  area  of  a  circle  is  increased  about  100  per  cent  when  its  cir- 
cumference is  increased  by  50  per  cent,  and  about  400  per  cent  when  its  circum- 
■  ference  is  increased  by  100  per  cent. 

With  this  fact  in  mind,  the  relative  constancy  of  the  dead  space  when  the 
respirations  are  relatively  small  is  at  once  explained,  and  the  small  progressive 
increase  observed  by  Krogh  and  Lindhard  is,  from  a  mathematic,  as  well  as  a 
physiologic,  standpoint,  to  be  expected.  However,  Henderson^  in  a  very  recent 
paper  still  clings  to  the  belief  held  by  the  English  school,  that  the  dead  space  is 
not  an  anatomic  entity  and  that  it  is  subject  to  great  variations,  and  this  latter 
point  he  considers  Krogh  and  Lindhard  to  have  confirmed.  In  this  he  is  w^rong, 
for  a  300  per  cent  increase  in  the  value  of  the  dead  space  found  by  Henderson 
with  maximum  respirations  can  not  be  interpreted  as  being  confirmed  by  the  66 
per  cent  increase  found  by  Krogh  and  Lindhard  for  maximum  respirations. 
What  is  more  important,  however,  is  the  fact  that  Henderson  does  not  concede 
the  point  which  Krogh  and  Lindhard  make  regarding  the  error  in  the  Haldane- 
Priestley  method  for  obtaining  samples  of  the  alveolar  air,  and  it  is  upon  this 
point  that  the  difference  between  the  Haldane  and  the  Copenhagen  schools  rests. 
Krogh  and  Lindhard  determine  the  capacity  of  the  air  passages  indirectly  by  the 
use  of  an  inert  gas,  such  as  hydrogen.  Haldane  believes  that  this  method  is  not 
allowable.  A  few  months  ago,  therefore,  the  question  stood  unsettled,  the  Eng- 
lish school,  championed  here  by  Henderson,  believing  the  Haldane-Priestley 
method  for  determining  the  gaseous  composition  of  the  alveolar  air  to  be  fairly 
accurate  and  capable  of  use  in  determining  the  reactions  of  the  respiratory 
center  and  the  capacity  of  the  dead  space ;  the  Danish  school,  on  the  other  hand, 
believing  it  to  be  unreliable  and  especially  so  when  the  subject  is  untrained  and  is 
not  completely  resting  and  breathing  normally. 
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It  is  a  matter  of  some  importance  that  this  question  be  settled,  as  many  most 
important  physiologic  and  pathologic  teachings  have  their  foundation  in  the  de- 
termination of  the  percentage  composition  of  the  alveolar  air  as  determined  by 
any  of  the  numerous  methods.  Probably  the  Haldane-Priestley  method  is  ac- 
curate enough  for  many  types  of  investigations,  but  its  personal  and  theoretic 
error  is  large,  and  any  figures  obtained  by  it  are  not  capable  of  being  interpreted 
save  in  a  gross  manner.  To  be  sure,  Haldane  and  his  coworkers  have  demon- 
strated by  its  use  that  there  is  a  fair  degree  of  constancy  in  the  pressure  of  the 
alveolar  gases  under  constant  physiologic  conditions,  and  gross  changes  have  been 
shown  to  occur  when  the  physiologic  state  of  the  body  is  changed  as  in  exercise, 
at  high  altitudes,  or  in  some  diseases.  However,  when  fine  differences  are  sought, 
such  as  are  required  in  studying  the  sensitivity  of  the  respiratory  center  or  the 
capacity  of  the  dead  space  under  various  conditions  in  which  the  changes  in  the 
alveolar  air  are  not  gross,  the  Haldane-Priestley  method  is  certainly  disappoint- 
ing, and  it  contains  other  theoretic  errors  besides  that  pointed  out  by  Krogh  and 
Lindhard,  as  will  be  shown  below. 

A  moment's  consideration  of  the  theoretic  changes  taking  place  in  the 
alveolar  air  during  the  various  phases  of  respiration  reveals  some  very  important 
and  hitherto  little  emphasized  facts,  and  it  also  reveals  the  source  of  some  errors 
in  the  methods  of  alveolar  air  analysis.  Krogh  and  Lindhard  have  settled  be- 
yond question  the  fact  that  the  partial  pressure  of  carbon  dioxide  in  the  blood 
leaving  the  lungs  and  that  in  the  alveolar  air  are  practically  identical.  Barcroft 
has  shown  that  the  hemoglobin  of  the  blood  is  practically  saturated  with  oxygen 
at  partial  pressures  of  65  to  70  mm.,  and  that  over  90  per  cent  of  the  oxygen  is 
carried  by  the  blood  in  this  chemical  combination.  Bohr  and,  later,  Christiansen, 
Douglas  and  Haldane  have  shown  that  the  combination  of  carbon  dioxide  with 
blood  is  greater  at  low  than  at  high  partial  pressures  of  carbon  dioxide,  this  being 
brought  about  by  the  fact  that  carbon  dioxide  is  held  both  in  solution  and  in 
chemical  combination  in  the  blood;  and,  furthermore,  blood  will  hold  a  greater 
amount  of  carbon  dioxide  under  a  given  pressure  of  carbon  dioxide  in  the  ab- 
sence than  in  the  presence  of  oxyhemoglobin,  the  difi^erence  being  proportional 
to  the  amount  of  the  oxyhemoglobin  present. 

With  these  facts  in  mind,  let  us  consider  the  changes  which  occur  during  a 
respiratory  cycle.  The  cycle  consists  of  two  approximately  equal  phases,  inspira- 
tion and  expiration.  During  the  cycle  the  blood  delivers  a  certain  amount  of 
carbon  dioxide  to  the  air  and  in  turn  takes  up  a  certain  amount  of  oxygen  from 
the  air  in  the  alveoli.  The  maximum  fall  in  carbon-dioxide  pressure  in  the  aheo 
lar  air  occurs  during  inspiration,  for  it  is  during  this  time  that  the  whole  dilut- 
ing atmospheric  air  is  taken  into  the  lungs.  Since  the  evolution  of  carbon  dioxids.- 
is  relatively  more  rapid  at  low  than  at  high  partial  pressures  of  carbon  dioxide. 
it  is  clear  that  the  greater  auKumt  of  carbon  dioxide  is  given  off  by  the  blood 
while  the  carbon-dioxide  pressure  is  falling  during  inspiration,  and  that  each 
volume  unit  of  carbon  dioxide  produces  less  change  in  the  pressure  of  the  gas  in 
an  increasing  volume  of  alveolar  air  than  it  does  when  delivered  to  a  preee<ling 
volume,  as  is  the  case  during  the  expiratory  phase.  In  order  that  the  xolume 
of  carbon  dioxide  actually  given  off  by  the  blood  to  the  alveolar  air  might  be  the 
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same  during:  inspiration  and  expiration  it  would  require  the  delivery  of  equal 
amounts  of  the  inspired  air  to  the  alveoli  during  both  phases  of  the  respiration. 
Since  this  is  not  the  case,  it  follows  that  the  volume  per  cent  of  carbon  dioxide 
held  by  the  blood  leaving  the  lungs  during  inspiration  is  less  than  that  held  during 
expiration.  The  maximum  pressure  of  carbon  dioxide  in  the  alveolar  air  is  pres- 
ent shortly  after  expiration  and  the  minimum  at  the  end  of  inspiration.  Be- 
cause the  evolution  of  gas  is  greater  in  amount  and  more  rapid  at  low  pressures 
than  at  high  pressures  of  carbon  dioxide,  the  mean  pressure  of  carbon  dioxide 
in  the  alveolar  air  is  reached  some  time  before  the  midpoint  of  expiration  and 
after  more  than  half  of  the  carbon  dioxide  excreted  during  expiration  has  been 
evolved. 

From  the  above  argument  it  is  clear  that  the  amount  of  carbon  dioxide  lost 
by  the  blood  during  inspiration  is  greater  than  that  given  off  during  expiration, 
and  a  larger  fraction  of  the  carbon  dioxide  is  excreted  at  a  pressure  below  mean 
than  above  mean.  Any  method,  therefore,  which  attempts  to  estimate  the  mean 
per  cent  of  carbon  dioxide  in  the  alveolar  air  must  be  based  upon  a  principle 
which  takes  into  consideration  the  unequal  rate  of  carbon-dioxide  excretion  dur- 
ing expiration.  A  sample  of  air  taken  at  any  point  of  an  expiration  can  not 
give  a  correct  value  of  the  alveolar  air  save  for  the  moment  of  sampling.  Nor 
can  averages  be  taken,  as  is  done  by  the  Haldane-Priestley  method.  Such  pro- 
cedures, no  matter  how  perfect  the  technic  may  be,  give  values  considerably 
higher  than  the  mean  tension  of  carbon  dioxide  in  the  alveolar  air. 

The  case  of  oxygen,  however,  is  different,  for  the  absolute  amount  of  oxygen 
which  the  blood  holds  wdien  leaving  the  lungs  is  approximately  constant,  since 
under  all  ordinary  conditions  there  is  more  than  sufficient  oxygen  pressure  to 
saturate  fully  the  hemoglobin  of  the  blood.  The  error  Krogh  and  Lindhard  point 
out  as  present  in  the  Haldane-Priestley  method  for  the  estimation  of  carbon 
dioxide  with  regard  to  the  time  element  will  tend  to  make  the  oxygen  percentage 
too  low.  The  ratio  of  the  volume  of  carbon  dioxide  excreted  to  the  volume  of 
oxygen  absorbed  by  the  blood,  in  samples  of  air  taken  at  any  time  during  the  ex- 
piration, will  accordingly  be  less  than  that  obtained  from  a  mixed  sample  of  the 
expired  air. 

In  this  fact  lies  the  explanation  for  the  Haldaiie-Henderson  view  that  the 
dead  space  for  oxygen  is  greater  than  that  for  carbon  dioxide.  The  oxygen  ab- 
sorbed is  one  of  the  basic  figures  in  the  dead-space  determination  for  oxygen,  and 
is  calculated  from  the  difference  in  the  oxygen  percentages  in  inspired  and  in  ex- 
pired alveolar  air.  Since  it  is  necessary  to  know  the  percentage  of  carbon  dioxide 
in  the  sample  to  obtain  the  correction  required  to  be  added  to  the  percentage  of 
oxygen  in  atmospheric  air  actually  inspired  (a  procedure  necessary  because  the 
amount  of  carbon  dioxide  excreted  is  less  than  the  volume  of  oxygen  absorbed), 
the  error  present  in  the  carbon-dioxide  estimation  is  added  to  that  of  the  oxygen, 
and  the  amount  of  oxygen  absorbed  is  unduly  large  when  compared  with  that 
of  carbon  dioxide.  This  error  gives  a  low  respiratory  quotient  in  samples  of 
alveolar  air  taken  by  the  Haldane-Priestley  method,  and  since  the  oxygen  dead 
space  is  computed  by  the  use  of  the  figure  for  oxygen,  absorbed,  the  oxygen  dead 
<l)are  is  larger  than  the  corresponding  carbon,  dioxide  dead  space.     The  respira- 
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tory  quotients  obtained  from  the  analysis  of  the  expired  air  and  from  the  mean  of 
the  alveolar  air  must  be  equal,  as  otherwise  we  should  lose  carbon  dioxide  or  gain 
oxygen.  If  such  is  the  case,  the  mean  dead  space  for  carbon  dioxide  and  for 
oxygen  must  also  be  equal. 

With  the  above  points  in  mind,  Pearce  has  attempted  to  devise  a  method 
for  obtaining  the  gaseous  composition  of  the  alveolar  air.  He  assumes  that  if  an 
expiration  of  infinite  amount  could  be  made  and  collected,  but  occupying  the  time 
of  a  normal  expiration  and  following  a  normal  inspiration,  the  total  expiration 
would  be  made  up  of  alveolar  air,  and  the  carbon-dioxide  and  oxygen  percentages 
found  in  it  would  be  the  mean  present  during  expiration,  for  in  it  the  diluting  ef- 
fect of  the  dead-space  air  would  approach  zero.  An  expiration  of  less  than  in- 
finite amount,  however,  would  contain  atmospheric  air  from  the  dead  space  which 
would  reduce  the  percentage  of  carbon  dioxide  in  the  expired  air  below  the 
average  present  in  the  alveolar  air. 

Making  use  of  the  fact  that  this  reduction  is  in  direct  proportion  to  the 
amounts  of  alveolar  air  present  in  the  expiration,  it  is  possible,  by  comparing 
the  percentage  gaseous  compositions  of  expirations  of  different  volumes,  to 
determine  the  capacity  of  the  respiratory  passages  and  the  mean  gaseous  com- 
position of  the  alveolar  air.  In  collecting  such  expirations,  however,  the  greatest 
care  must  be  taken  to  see  that  the  expirations,  be  they  large  or  small,  follow  a 
normal  inspiration,  and  take  the  same  time  as  is  required  for  a  normal  expira- 
tion, and,  wdiat  is  most  important,  that  the  same  relationship  exists  between  the 
carbon  dioxide  excreted  and  the  oxygen  absorbed  as  exists  in  the  average  nor- 
mal expired  air  at  the  time.  The  method  will  be  fully  described  in  a  coming 
issue  of  this  Journal.  Making  use  of  the  mathematic  principle  involved,  Pearce 
has  recalculated  data  given  by  Ilaldane  and  Douglas  and  by  Plaldane  which  had 
been  interpreted  as  showing  a  great  increase  in  the  capacity  of  the  dead  space 
during  deep  breathing,  and  fails  to  find  any  evidence  that  this  is  the  case,  or  that 
there  is  a  difference  in  the  volume  of  the  dead  space  for  oxygen  and  that  for 
carbon  dioxide.  His  results  show  that  the  mean  percentage  composition  found 
in  the  alveolar  air  by  Haldane's  method  is  from  8  to  13  per  cent  too  high  for  car- 
bon dioxide,  and  from  12  to  20  per  cent  too  high  for  oxygen.  These  studies  con- 
firm the  view  of  Krogh  and  Lindhard  that  the  dead  space  is  an  anatomic  entity 
and  subject  to  only  relatively  small  xariations.  They  fail  lo  conlirm  the  views  of 
Haldane  and  Henderson  regarding  the  capacity  of  the  dead  s]\ace  in  deep  breath- 
ing and  the  difference  in  the  size  of  the  dead  space  for  carbon  dioxide  and  for 
oxygen. 
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Cutaneous  Reactions  To  Various  Drug  Applications 

SINCE  the  time  to  which  the  memory  of  man  runneth  not  to  the  contrary  local- 
ized skin  lesions,  caused  by  the  bites  or  stings  of  insects,  by  contact  with  poi- 
sonous plants  or  chemicals,  or,  occasionally  the  more  generalized  forms  of  cuta- 
neous eruptions,  urticaria,  etc.,  have  been  a  matter  of  interest  to  the  human  race. 
Much  obscurity  has  at  all  times  surrounded  the  nature  of  the  processes,  or  the 
causes,  by  which  a  large  number  of  these  lesions  have  been  produced.  Often  no 
etiology  could  be  found,  and  in  these  cases  the  tendency  has  usually  been  to  ascribe 
the  observed  lesions  to  the  introduction  into  the  body  of  some  substance,  possibly 
of  protein  nature,  which  in  some  more  or  less  obscure  manner  produced  the  results 
in  question.  Various  investigators  have  from  time  to  time  taken  up  this  problem, 
and  among  these  the  latest  have  been  Sollmann^  and  Pilcher'  at  the  Western  Re- 
serve University  Medical  School. 

These  observers  have  performed  a  long  and  interesting  series  of  experiments 
both  on  man  and  on  animals.  The  immediate  object  was  to  study  the  effects  of 
iodism  on  the  response  to  irritants  when  these  substances  were  applied  directly 
to  the  scarified  skin.  But  in  the  course  of  this  work  so  far  a  number  of  important 
observations  have  been  made  which  are  not  immediately  concerned  wuth  the  ef- 
fects of  iodism.  Two  methods  of  investigation  were  used  by  Sollmann  and 
Pilcher.  The  first  consisted  in  simply  scarifying  the  skin  o^^er  a  small  area  on 
the  inner  surface  of  the  foi'earm  after  which  the  drug  was  applied  and  gently 
rubbed  in  for  a  minute  or  so  with  a  glass  rod.  The  technic  was  similar  to  that  of 
bloodless  vaccination.  In  the  second  method  a  very  small  quantity  of  dry  mucuna 
was  gently  rubbed  on  the  skin,  after  which  a  drop  of  the  solution  to  be  tested  was 
applied  and  rubbed  in  lightly  for  about  one  minute.  Mucuna  ("cowhage," 
"cowitch")  consists  of  the  stiff  hairs  from  a  leguminous  seed-pod.  The  hairs 
puncture  the  skin  and  this  leads  to  considerable  itching  and  probably  some  rube- 
faction,  but  no  edema.  If  the  solution  of  an  urticarial  agent  is  rubbed  on  after 
the  mucuna,  the  skin  soon  begins  to  swell  around  each  minute  puncture,  the 
wheals  growing  rapidly  and  fusing  if  they  are  close  together.  In  later  experi- 
ments Sollmann-'  has  scarified  the  skin  by  rubbing  with  sandpaper,  carborundum 
stone,  or  pumice  stone,  or  by  puncturing  with  a  needle  (Hill's  method'*)  before 
the  drug  was  applied.  In  all  cases  the  action  of  the  drug  to  be  studied  was  con- 
trolled by  other  areas  which  were  scarified  or  treated  with  mucuna,  but  to  which 
no  drug  solution  w^as  applied. 

The  positive  or  negative  action  of  the  drugs  tested  was  indicated  by  the  char- 
acter of  the  skin  reaction,  those  drugs  which  were  practically  negative,  or  entirely 
negative,  producing  only  a  few  widely  separated  minute  papules,  or  no  papules 
at  all.  Drugs  which  were  slightly  positive  produced  fairly  numerous  papules, 
but  of  small  size  (2  mm.),  which,  therefore,  did  not  tend  to  fuse.  Strongly  posi- 
tive drugs  produced  numerous  papules  of  considerable  size  (up  to  3  or  4  mm. 
or  larger)  which  tended  to  fuse  into  large  wdieals.  The  close  resemblance  of  these 
last  lesions  to  clinical  urticaria  will  be  evident  at  once.  These  local,  endermic, 
drug  reactions,  therefore  furnish  an  opportunity  to  study  experimentally  certain 
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features  of  the  probable  nature  of  urticaria.     This   condition   has   often  been 
shrouded  by  a  great  deal  of  obscurity  regarding  both  its  real  etiology  and  its 
pathology,  as  well  as  in  respect  to  any  thoroughly  scientific  and  satisfactory  mode 
of  treatment.     A  peculiar  and  significant  interest,  therefore,  attaches  to  any  ex- 
perimental knowledge  which  may  be  acquired  along  these  lines.     It  was  found 
by  the  use  of  a  long  series  of  drugs  that  the  reaction  which  any  given  substance 
would  produce  could  not  be  predicted  beforehand,  but  could  only  be  determined 
by  actual  test.     And  in  numerous  instances  wholly  unexpected  results  were  ob- 
tained.    Since  only  a  small  local  area  of  the  skin  was  involved  it  is  obvious  that 
generalized  systemic  reactions  through  the  central  nervous  system,  the  digestive 
system,  the  vascular  system,  etc.,  were  not  concerned,  thus  eliminating  some  of 
the  obscuring  features  which  are  often  considered  to  be  involved  in  the  produc- 
tion of  clinical  urticaria.     It  is  also  of  interest  to  note  that  none  of  the  reactions 
in  man  or  in  animals  was  modified  in  any  way  by  the  administration  of  iodides. 
It  was  found  that  certain  drugs  which  produced  urticaria  locally  were  also 
in  the  group  of  substances  which,  in  certain  individuals,  produce  it  clinically. 
This  was  especially  true  for  histamine,  morphine,  and  formaldehyde ;  and  atropine 
should  perhaps  also  be  included  in  the  same  group.     Another  group  of  drugs, 
however,  which  frequently  produce  clinical  eruptions  were  found  to  give,  /;/  the 
subjects  tested,  practically  negative  results.    Among  these  drugs  were  the  salicv- 
lates    (especially  aspirin),   phenacetin,   antipyrine,   quinine,   turpentine,    copaiba, 
santal,  chloral,  and  arsenic.     Possibly  in  certain  individuals  some  of  these  drugs 
might  also  produce  reactions  in  the  nature  of  urticaria  when  they  were  applied  to 
the  scarified  skin.     This  point  is  well  worth  trying  out  clinically.     Other  drugs 
which  also  produced  urticaria  were  calcium  chloride  (10  per  cent  solution),  urea 
(strong  solution),  peptone,  phenyl-ethylamine,  urethane,  etc.     It  was  especially 
significant  that  the  six  most  active  drugs  in  the  entire  series  had  practically  noth- 
ing in  common,  either  chemically  or  pharmacologically  and  the  reaction   could 
only  be  determined  by  actual  trial.     On  the  other  hand  there  was  a  rather  fre- 
quent, but  generally  feeble,  urticarigenic  action  shown  by  substances  containing 
the  NH2  group.     But  there  were  many  exceptions,  and  those  did  not  seem  to 
bear  any  relation  to  the  chemic  structure. 

The  authors  adduced  evidence  that  these  localized  lesions,  which  usually 
lasted  from  a  few  minutes  up  to  one  or  two  hours,  were  not  due  to  a  localized 
acidosis,  to  osmosis,  to  local  vasoconstriction  nor  to  vasodilatation.  Nor  was 
sensory  irritation  the  cause,  for  neither  veratrine  nor  aconite  produced  the  lesions. 
Inflammatory  irritation  in  general  was  not  the  cause,  for  urticaria  was  not 
produced  by  such  irritants  as  mustard,  canlharides,  alcohol,  saponin,  acids,  al- 
kalis, metals,  etc.  Capillary  poisons,  such  as  arsenic  or  uranium,  do  not  produce 
urticaria,  at  least  in  acute  experiments.  Nor  docs  it  appear  that  altered  water 
affinity  or  altered  i)atency  of  tlu"  lyni]ili  clianiu'ls  could  c;iuso  the  ])lu-noiucn;i.  it 
seems  possible,  however,  that  a  specific  increased  permeability  of  tiie  capillary  or 
lymph  vessels  may  be  concerned.  J^everal  distinct  groups  of  sensory  actions  were 
distinguishable,  such  as  the  itching  of  the  urticarial  agtiits,  llie  smarling  and 
burning  of  the  sinii)le  irritants,  tlic  formicalion  of  aconilc.  and  llic  lancinating 
pain  of  veratrine. 


918  THE    JOURNAL    OF    LABORATORY    AND    CLINICAL    MEDICINE 

The  rapidity  of  the  formation  of  these  lesions  and  their  brief  duration  are 
in  striking  contrast  to  the  phenomena  observed  recently  by  a  considerable  num- 
ber of  observers^  in  England.  In  these  instances  many  persons  became  afflicted 
with  skin  lesions  over  the  hands,  face,  feet,  or  rarely  on  other  parts,  as  a  result 
of  coming  in  contact  with  a  yellowish  powder  contained  in,  or  attached  to,  bombs 
which  had  been  dropped  during  aeroplane  attacks  on  the  various  localities.  In 
some  cases  contact  with  the  fumes  or  vapors  in  the  immediate  neighborhood  of 
a  bomb  explosion  appeared  sufficient  to  cause  the  lesions.  The  yellowish  powder 
appeared  to  resemble  picric  acid,  while  the  skin  lesions  bore  a  considerable  re- 
semblance to  those  produced  by  trinitrotoluene.  It  appears  probable,  however, 
the  powder  is  hexa-nitro-diphenyl-amine. 

The  cutaneous  lesions  consisted  of  a  peculiar  form  of  dermatitis  which  had 
a  latent  period  varying  from  four  or  five  up  to  about  nine  days  from  the  time 
of  the  exposure.  The  great  majority  of  the  cases  developed  on  about  the  eighth 
day.  From  about  the  first  day  after  the  exposure  a  deep  yellowish  or  orange 
discoloration  of  the  skin  appeared,  usually  most  marked  on  the  hands.  A  ma- 
jority of  the  patients  were  soldiers  who  had  been -engaged  in  digging  unex- 
ploded  bombs  out  of  the  grotmd  into  which  they  sank  six  or  seven  feet  some- 
times. Thus  the  hands  were  especially  exposed.  The  orange  staining  of  the 
hands,  face,  feet,  etc.,  came  on  the  next  day,  and  about  five  or  six  days  later  the 
eruption  began.  The  staining  persisted,  but  the  hands  became  swollen,  inflamed 
and  edematous,  the  skin  felt  hot  and  tense  and  there  were  deep-seated  vesicles 
between  the  fingers  and  on  the  dorsum.  In  many  cases  there  was  intense  itch- 
ing and  irritation  which  was  usually  worse  on  the  hands.  One  observer  noted 
that  after  five  weeks  the  staining  on  the  face  and  feet  had  disappeared,  but  the 
hands  were  then  peeling  ofif,  the  flakes  being  stained  and  thickened.  The  new 
skin  under  the  flakes  was  tender  and  red.  Constitutionally  there  were  no  out- 
standing symptoms,  but  there  was  a  slight  nausea'''  and  anorexia,  with  some 
alteration  of  the  taste  which  was  compared  to  the  sensation  noticed  when  chew- 
ing tobacco.  In  other  cases  the  eruption^  reached  its  acme  in  four  to  five  days 
after  the  vesicles  began  to  appear.  There  was  no  inflammatory  redness  but  only 
the  clear  "sagograin"  vesicles,  characteristic  of  cheiropompholyx,  which  ap- 
peared deeply  under  the  thick  epidermis,  rapidly  enlarged  and  ran  together 
to  form  large  blebs,  in  some  instances  as  large  as  a  hen's  egg.  These  vesicles, 
large  and  small,  covered  the  palmar  surface  and  sides  of  the  hands  and  fingers 
and  the  interdigital  spaces  in  all  cases,  and  in  two-thirds  of  the  cases  similarly 
affected  the  soles  and  toes.  In  some  of  these  cases  the  backs  of  the  hands  and 
feet  were  swollen,  but  other  parts  of  the  skin  were  not  involved.  In  the  course 
of  a  week  most  of  the  vesicles  had  dried,  and  the  horny  layer  was  beginning  to 
separate  and  to  leave  a  new,  pink,  healthy  epidermis.  All  these  patients  suffered 
severe  pain,  so  severe  that  they  were  kept  awake  at  night  by  it.  In  none  of  the 
cases  was  there  suppuration,  and  this  perhaps  was  due  to  the  treatment  which 
consisted  in  soaking  the  hands  and  feet  for  half  an  hour  several  times  a  day  in 
hot  water.  This  also  eased  the  pain.  After  the  soaking  calamine^  lotion  was  ap- 
plied. 

These  cases  suggest  that  the  eruption  known  as  pompholyx,  dysidrosis,  or 
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cheiropompholyx,  and  which  has  generally  been  regarded  as  due  to  irritation 
from  toxic  sweat,  and  to  be  in  some  way  associated  with  debility  from  nerv- 
ous or  other  influences,  may  in  reality  be  due  to  some  external  poison^  which 
gets  into  the  sweat  pores  and  there  produces  irritation.  Thus  we  may  be  deal- 
ing here  again  with  another  of  the  peculiar  and  obscure  ways  in  which  drugs 
may  affect  living  tissues,  often  with  the  most  striking  resemblance  to  the  effects 
produced  by  disease. 
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Lymphocytes  and  Tuberculosis 

A  DIAGNOSTIC  test  of  value  for  the  earlier  detection — two  weeks  instead 
of  a  possible  six — of  tubercle  bacilli  in  urine  (or  in  sputum  when  unre- 
vealed  by  the  microscope)  has  been  introduced  by  Morton  and  Alurphy^  and  quite 
recently  confirmed  by  McGrath.- 

This  test  is  one  of  the  first  practical  results  to  emanate  from  the  long  studies 
which  have  been  followed  on  the  relationship  of  the  lymphocytes  to  tuberculou.-^ 
infection. 

Murphy  and  Ellis,''  in  1''14,  showed  that  white  mice  submitted  to  x-ray  ex- 
posure became  less  resistant  to  the  inoculation  of  bovine  tubercle  bacilli.  They 
argued  that  the  destruction  of  the  lymphocyte  elements  (12,000  white  corpuscles 
of  which  40  per  cent  were  lymphocytes  were  reduced  to  4,000  at  the  expense  of 
the  lymphocytes)  accounted  for  the  lowered  resistance  of  the  mice  to  tubercle 
infection. 

Bartel'*  was  one  of  the  first  investigators  to  call  attention  to  the  defensive 
action  of  the  lymphocyte  to  tubercle  infection  although  almost  constant  presence 
of  the  lymphocytes  in  tubercle  formation  had  long  been  ]<nown.  (  )pic''s'  investi- 
gations also  suggested  the  imi)ortance  of  the  lympht)cyto  defense.  .Marie  and 
Fiessinger"  made  the  discovery  that  the  lymphocytes  contain  a  ferment  (  lympholi- 
pase)  capable  of  splitting  wax  and  tat  into  glycerine  and  fatty  acid.  Since  .^0 
per  cent  bv  weight  of  the  body  of  the  tuberck'  b.'icilli  is  coinixist'd  of  w.ixy  Mib 
stance,  the  bearing  of  the  lympholipase  can  be  un(kM>loo(l. 

It  would  a])])ear  that  the  elTccl  of   \  ray  exposure  (»ii   ;in  .minial   would   de 
])end  upon   tlic  dosage  administered,      v^mall   doses  will   stinuil.itc  the   jirodiiclion 
of  more  l\niplio(-\t<'s,  whereas  large  doses  or  fri'(|ucntly  ri'pcalcd  x-ray  exposin-es 
will  reduce  and  destroy  the  lymi)hocytes. 
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The  iniections  of  urine  suspected  of  containing  tubercle  bacilli  must  be  made 
into  the  peritoneal  cavity  and  not  subcutaneously  because  in  the  former  situation 
the  few  bacilli  present  will  probably  multiply  more  ciuickly  and  before  the  re- 
sponse of  lymphocyte  proliferation  which  is  apt  to  follow  the  lymphocyte  destruc- 
tion. Experiments  will,  no  doubt,  be  carried  on  to  find  out  whether  the  x-ray 
in  small  repeated  doses  can  increase  the  resistance  of  laboratory  animals  to  tuber- 
cle infection.  Webb  and  Williams,''  «  following  their  discovery  of  the  increased 
production  of  lymphocytes  at  a  high  altitude,  were  able  to  show  that  artificial 
hyperemia  of  the  marrow  in  rabbits  would  cause  a  decided  lymphocytosis  and 
also  an  increased  protection  to  bovine  tubercle  infection. 
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The  Paraffin  Wax,  or  Closed,  Method  of  Treatment  of  Burns 

DR.  WILLIAM  O'NEILL  SHERMANN,  of  Pittsburgh,  Pa.,  has  reported 
to  the  National  Research  Council  the  results  of  his  experiments  in  the  treat- 
ment of  burns.    An  abstract  of  his  report  may  be  stated  as  follows : 

Sixteen  years  ago  in  China,  Barthe  de  Sandfort  first  applied  paraffin  wax 
in  the  treatment  of  burns.  The  results  were  so  satisfactory  that  he  finally  placed 
on  the  market,  a  paraflin  preparation  under  the  trade-name  of  Ambrine.  Five 
years  ago,  this  preparation  was  introduced  into  the  United  States,  but  received 
no  encouragement.  It  was  not  until  the  present  war  that  de  Sandfort  had  the 
opportunity  of  treating  a  large  number  of  cases.  The  method  of  treatment  now 
adopted  is  as  follows  : 

All  burns,  regardless  of  character,  are  entirely  dried  and  an  air-tight  coating 
of  paratftn  wax  is  applied  to  the  burned  area  and  extends  over  the  adjoining  skin 
for  about  one  inch.  A  thin  layer  of  cotton  is  then  applied  to  the  first  film  of 
paraffin  and  a  second  application  made.  All  burns  are  redressed  once  in  twenty- 
four  hours.  This  method  does  not  provide  any  specific  curative  medical  sub- 
stances, but  acts  altogether  mechanically.  The  first  cotton  dressing  is  a  non- 
adhesive  shell  which  excludes  the  air.  Ambrine  is  a  neutral  paraffin  made  of 
beeswax  and  a  resin.  It  is  a  secret  preparation.  In  this  country  there  are  at  pres- 
ent many  imitations  including  Cerelene,  Parresine,  Redintol,  Stanolind,  Mulene, 
Parowax,  Hull's  Formula  No.  7,  de  Arcy  Power's  Formula,  etc.  Shermann  finds 
the  first  three  of  the  above  mentioned  substances  superior  to  the  others.     Cerelene 
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is  made  in  three  forms :  A,  plain  wax ;  B,  beeswax  with  nine  hundredths  per  cent 
picric  acid;  C,  beeswax  with  two  per  cent  of  oil  of  eucalyptus.  The  advantage 
of  Cerelene  over  Ambrine  and  Parresine  is  that  it  contains  enough  beeswax  to 
dissolve  picric  acid  and  the  other  mentioned  substances.  Paraffin  is  not  as  flex- 
ible or  ductile  as  Ambrine  or  Cerelene,  which  also  contains  a  small  amount  of  acid. 
Redintol  is  chiefly  paraffin  with  a  small  amount  of  resin  and  has  very  much  the 
same  physical  and  chemical  properties  as  paraffin.  Shermann  recommends  that  the 
wax  be  applied  to  the  burn  with  an  atomizer,  and  he  states  that  the  atomizer 
manufactured  by  Harvey  R.  Pierce,  Chestnut  Street,  Philadelphia,  is  the  best  that 
has  come  to  his  hand. 

The  details  of  the  treatment  are  stated  as  follows :  When  the  patient  enters 
the  hospital  the  clothing  is  removed;  blebs  are  punctured,  but  not  excised,  and 
the  entire  area  entirely  dried  with  a  Shelton  electric  hot-air  draft,  or  a  Hamilton- 
Page  fan,  so  that  there  is  no  moisture  left  on  the  surface.  An  electric  fan,  or 
even  a  common  fan  may  be  used.  The  wax  is  applied  to  the  burn  at  the  earliest 
possible  opportunity  either  with  a  fine  varnish  brush  or  an  atomizer.  It  is  dif- 
ficult to  regulate  the  temperature  when  the  brush  is  used,  besides  the  application 
with  a  brush  is  more  or  less  painful  and  there  is  a  tendency  to  brush  away  and 
injure  the  new  epithelium  and  granulations.  If  a  brush  is  used,  the  wax  should  be 
gently  dabbed  on  without  pressing:  to  and  fro  painting  movements  are  painful 
and  should  never  be  used.  The  wax  can  be  sprayed  on  with  an  atomizer  without 
pain  or  discomfort,  and  can  be  more  evenly  distributed.  The  atomizer  is  doubly 
jacketed — a  jacket  keeping  the  wax  liquid  for  thirty  minutes  after  it  has  been 
heated,  and  it  may  be  sprayed  either  with  a  handle,  a  compressed-air  pump,  or  air 
tank.  The  wax  is  placed  in  the  atomizer  and  it,  in  turn,  placed  either  in  an  auto- 
claving  sterilizer,  or  on  a  hot  plate.  Usually  ten  minutes'  boiling  is  sufficient  to 
bring  the  wax  to  a  proper  liquid  state.  One  must  be  careful  to  prevent  the 
splashing  of  water  into  the  wax.  A  properly  prepared  wax,  free  from  water, 
can  be  apphed  to  a  burn  or  granulating  tissue  at  150°  F.  without  danger  of  pain 
or  burning.  If  the  wax  comes  in  contact  with  water,  it  is  more  or  less  uncom- 
fortable to  the  patient,  and  the  wax  does  not  adhere  to  the  granulations  as  tightly 
as  it  should. 

For  the  first  two  or  three  weeks,  or  until  the  granulated  area  shows  a  mininnun 
of  wound  secretion,  the  dressing  should  be  changed  every  twenty-four  hours  ;  be- 
cause in  the  early  stages  of  the  wound,  there  is  rapid  sloughing  and  separation  of 
the  tissues.  This  seropurulent  liquid  gently  lifts  the  wax  from  the  wound,  so  that 
it  does  not  adhere  to  the  tissue  and  frc(iuently  the  fluid  escapes  from  the  edges 
of  the  dressing.  The  wax  shell  is  easily  and  painlessly  removed  by  lifting  it  from 
the  edges,  or  by  making  an  incision  with  scissors  and  then  gently  peeling  it 
ofif.  The  wound  will  be  found  U)  be  freely  bathed  with  lymph  and  purulent  secre- 
tion in  the  early  stages  and  this  may  be  of  oflfensivc  odor.  The  wound  is  then 
gently  cleaned  with  a  mild  antiseptic  solution.  Cotton  balls  may  be  used  to  wipe 
away  the  secretion,  or  an  atomizer  may  be  used.  After  the  wound  has  been  thor- 
oughly cleaned,  the  wax  is  ap[)lie(l  as  in  the  original  dressing. 

At  the  first  dressing,  burns  should  not  be  scrubbed  with  antiseptic  solutions, 
nor  should  such  solutions  be  used  in  cleaning  while  redressing.     Saline  .solution, 
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picric  acid  and  solutions  of  chlorazene-may  be  used  in  cleaning.  In  third  and 
fourth  degree  burns  with  great  loss  of  tissue,  granulations  should  be  sterilized  by 
the  Carrel-Dakin  method  and  skin  grafted  at  the  earliest  possible  opportunity. 
The  advantages  for  the  paraffin  wax  treatment  of  burns  are  stated  as  follows: 

1.  Relief  from  pain  to  a  great  degree. 

2.  Cleaner  and  more  comfortable. 

3.  Fewer  scars  and  contractions. 

4.  Skin  grafting  rarely  necessary. 

5.  More  rapid  healing. 

6.  Superior  in  every  way  to  methods  commonly  used. 

—V.  C.   V. 


The  Fate  of  the  Erythrocytes 

THE  length  of  life  of  the  red  blood  cell  is  unknown.  There  is  no  question, 
however,  that  every  erj^throcyte  must  sooner  or  later  undergo  disintegra- 
tion, a  process  which  is  thought  to  be  ushered  in  by  the  injection  of  the  red  cell 
by  a  phagocyte  in  the  spleen  or  in  the  hemolymph  glands.  The  hemoglobin  of 
the  disintegrated  cell  is  set  free  and  carried  to  the  liver,  where  it  is  broken  up 
into  hematin,  which  the  body  stores  for  future  use,  and  into  bile  pigments  which 
are  excreted.  This  is  the  current  explanation  of  the  physiology  of  normal  blood 
destruction.  It  is  simple  and  plausible,  but  recent  work  fails  to  confirm  the 
above  theory. 

Rous  and  Robertson^  have  examined  by  special  methods  the  spleens  of  a 
variety  of  animals,  and  have  failed 'to  find  evidence  to  confirm  the  belief  that 
phagocytic  destruction  of  the  erythrocytes  occurs  in  all  animals  to  an  extent 
sufficient  to  account  for  the  normal  destruction  of  blood  cells.  Especially  is  this 
the  case  in  man,  in  the  rhesus  monkey,  and  in  the  cat.  Seeking  for  extracellular 
means  of  cell  destruction,  these  investigators  have  found  that  prolonged  per- 
fusion of  the  spleen  and  liver,  and  other  organs  to  a  more  limited  extent,  with 
defibrinated  blood  or  Locke's  solution,  causes  cells  to  appear  in  the  perfusate 
which  resemble  red  blood  cells  which  have  lost  their  hemoglobin.  They  have 
found  similar  bodies  in  the  blood  of  patients  with  pernicious  anemia  and  con- 
genital hemolytic  jaundice.  Nevertheless,  histologic  evidence  together  with  the 
fact  that  no  such  blood  cells  occur  when  the  perfusion  is  carried  on  for  a  limited 
time,  lead  them  to  conclude  that  these  bodies  do  not  represent  hemolysed  blood 
cells,  but  rather  tissue  cells.  In  the  anemias,  however,  they  believe  that  prob- 
ably the  bodies  arise  from  hemolysed  blood  cells.  From  this  they  conclude  that 
normally  hemolysis  can  not  play  an  important  role  in  destroying  the  erythrocyte. 
They  have  found  another  and  unsuspected  method  for  blood  destruction  in  all 
animals  thus  far  studied ;  namely,  the  disintegration  of  the  blood  cells  by  frag- 
mentation, while  they  are  circulating,  without  loss  of  their  hemoglobin.  These 
fragmented  cells  are  found  most  numerous  in  the  spleen.  By  selective  staining, 
the  authors  have  been  able  to  prove  that  this  fragmentation  is  not  the  result  of 
phagocytic  activity.    They  also  succeeded  in  increasing  the  number  of  fragmented 
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forms  by  rendering  the  animals  plethoric 'by  transfusions,  or  anemic  by  hemor- 
rhage. They  believe  that  the  small  ill- formed  cells  known  as  microcytes  and 
poikilocytes,  observed  in  severe  anemias,  are  due  to  the  fact  that  the  marrow 
in  its  anemic  condition  is  not  able  to  produce  a  resistant  erythrocyte,  and  frag- 
mentation, therefore,  takes  place  easily.  A  similar  condition  may  exist  in  the 
severe  anemias  of  man  and  account  for  the  general  high  resistance  in  the  red 
cells  found  in  these  patients  in  as  much  as  weak  cells  are  generally  fragmented 
very  soon  after  they  are  formed. 

These  authors  point  out  that  Ehrlich  stated  long  ago  that  the  microcytes 
and  poikilocytes  of  anemia  result  from  fragmentation  of  the  circulating  blood, 
but  he  believed  that  this  fragmentation  was  a  purposeful  division  in  order  to 
increase  the  total  surface  of  the  red  cells.  The  ultimate  fate  of  the  red  cell 
fragments  is  not  known.  It  is  reasonable  to  suppose  that  the  broken  bits  con- 
taining hemoglobin  are  transformed  into  hematin  and  bile  pigments.  It  is  gener- 
ally thought  that  the  bile  pigments  serve  as  an  index  to  blood  destruction.  How- 
ever, the  extensive  studies  of  Hooper  and  Whipple-  in  the  metabolism  of  the  bile 
pigments  have  thrown  new  light  on  this  question.  Their  experiments  show  that 
the  bile  pigments  arise  in  part  at  least,  from  pigments  which  the  liver  has  made 
in  excess  of  its  needs  for  the  making  of  hemoglobin,  and  since  it  is  not  needed  it 
is  excreted.  If  this  be  the  case,  bile  pigments  are  not  a  reliable  index  to  blood 
destruction. 
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Tuberculosis,  Cancer,  and  X-Raij 

IN  1914,  Lewis  and  Margot^  published  the  observation  that  mice  experimentally 
infected  with  bovine  tubercle  bacilli  developed  splenic  enlargement.  They 
also  observed  that  animals  splenectomized  three  weeks  before  infection  with 
tubercle  bacilli  were  more  resistant  than  normal  animals.  In  the  same  year, 
Murphy  and  Ellis-  stated  their  belief  in  the  conception  that  the  lymphocyte  is 
an  important  factor  in  resistance  to  tuberculous  infection.  In  an  unjiubli.shed 
study,  Lang  and  Mur])hy,''  studying  the  blood  changes  following  splenectomy, 
showed  that  immediately  after  splenectomy  the  total  Ixniphocyte  count  falls, 
but  that  it  then  commences  to  rise  until  by  the  nineteenth  to  the  twenty-first  day. 
75  per  cent  of  the  animals  (50  mice)  showed  an  average  increa.se  of  11.000 
lymphocytes  per  c.mm.,— a  gain  of  100  per  cent  above  the  normal  count.  They 
thought  it  probable  that  the  lymphocytosis  might  be  a  factor  in  causing  the 
greater  resistance  displayed  by  the  splenectomized  animals.  ;\.  recent  series  of 
experiments  confirms  this  view.'  These  experiments  showed  that  mice  splenec- 
tomized and  then  exposed  to  repeated  small  doses  of  x-ray.  which  affects  i)ri- 
marily  the  lymphoid  organs,'^  were  more  susceptible  to  infection  than  normal 
animals,  or  animals  which   had   only  been  splcnect(Mnized.       \K",    Morton"   has 
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obsened  that  x-rayed  guinea  pigs  are  more  susceptible  to  infection  with  the 
human  type  of  tubercle  bacilli  than  normal  animals. 

The  recent  experiments  reported  by  Taylor  and  Murphy^  also  attack  the 
problem  in  another  way.  Murphy  and  Morton^  had  previously  shown  that  mice 
previously  immunized  against,  and  then  inoculated  with,  a  transplantable  mouse 
carcinoma,  develop  a  marked  lymphocytic  reaction  which  lasts  several  weeks. 
They,  therefore,  used  such  cancer  immune  animals  and  inoculated  them  with 
tuberculosis,  with  the  result  that  they  showed  a  greater  resistance  to  bovine 
tuberculosis  than  controls.  On  the  other  hand,  if  in  cancer  immune  mice  the 
lymphocytosis  is  prevented  or  removed  by  x-rays,  the  resistance  to  tuberculosis 
is  removed. 

Taylor  and  Murphy  say  that  they  did  not  undertake  the  experiments  with 
the  idea  of  establishing  a  relationship  between  cancer  and  tuberculosis,  although 
it  has  been  believed  that  an  antagonism  between  the  two  exists.  Their  experi- 
ments, however,  suggest  the  basis  for  the  popularized  belief,  which  is  probably 
based  upon  exceptional  cases  in  which  the  two  diseases  have  coexisted. 

The  interesting  fact  seems  to  be  that  in  both  tuberculosis  and  cancer  the 
lymphoid  tissue  of  the  body  may  be  a  determining  factor  in  resistance  and  yet 
the  modus  operandi  involved  may.  be  absolute^  different.® 
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Dyspituitarism,  lipin  content  of  the  liver  in. 


Economic   readjustment   of   dietaries,   prin- 
ciples involved  in,  743 
Electrical  supply  system  for  physiology  lab- 
oratory, 139 
Elliott    ear   drum    protector,    as    preventive 

of  war  deafness,  857 
Endocarditis,  acute  tuberculous  parietal,  731 
English  recognize  importance  of  giving  au- 
thority to  medical  officers,  596 
Entomologists,   expert,   desirability   of  hav- 
ing, in  military  camps,  663 
Epidemiological    facts    in    relation     to     tlie 

bacteriology   of  poliomyelitis,  688 
Epilepsy,  212,  279 

Equipment,  construction  of,  for  clinical  lab- 
oratory, 427 
Erosive  and   gangrenous   balanitis,   bacteri- 
ology of,  863 
fourth  venereal  disease,  862 
symptomatology  of,  864 
treatment  of,  865 
Erythrocytes,  fate  of,  922 

for  the   Wassermann   reaction,   preserva- 
tion of.  200 
of  a  known   group,   preservation   of,    for 
isoagglutinin      group      determination. 
516 
Ether  anestliesia,  closed,   for  ordinary   lab- 
oratory experiments,  94 
apparatus  for,  95 
Ethereal     sulfate    elimination     liefore     antl 
after  th\in<)l   adniinistratimi,   35 

I- 

Fats  in  the  diet,  rehitive  (juantity  of,  757 
Feces,  apparatus   for  use  in  examining   for 
evidences  of  parasitism,  347 

in  acute  dysentery,  251 

macrophages  in,  251 


Fehling's  solution  of,  use  of,  in  the  deter- 
mination of  blood  sugar,  514 

Fever,  protein.  15 
typhoid,  576,  719,  785 

Folin  and  Denis  methods  for  determination 
of  nitrogen  bv  direct  Xesslerization, 
130 

Food,  commercial  glucose  as,  274 

Food  situation,  physicians  responsibility  in 
connection  with,  832 

Fourth  venereal  disease,  862 

Fridericia  apparatus,  note  on  technic  witli, 
575 

Frothing  in  aeration  methods,  prevention 
of,  204 

Cx 

Gall    bladder,    chronic    infection    apparent!}' 

focal  in,  883 
infections,  282 
Ganglion  cells,  notes  on  reconstruction  of, 

at  high  magnification,  306 
Gangrenous    and    erosive    balanitis,    fourth 

venereal  disease,  862 
Gas  poisoning,  occurrence  of  lymphocytosis 

as  one  of  late  symptoms  of,  835 
Gastric  cancer,  Salomon's  test  for,  104 
Gastric  ulcer,  diagnosis  of,  189 
Gastroalbumorrhea,  in  cancer  of  esophagus, 

106 
in  carcinoma  of  the  stomach.  106 
in  noncancerous  diseases  of  the  stomacii. 

•106 
Gastrointestinal     conditions     in     pernicious 

anemia,  564 
Gaucher's  disease,  74 
Gerhardt's  test  for  diacetic  acid  in  urine,  a 

modification  of,  203 
Germicide,  a  new  mercurial,  669 
Glucose,  commercial,  as  a   food.  274 
Goiter,   study  of  the  histopathology  of  the 

autonomic  nervous  system  iti,  2Q5 
Gout,  effect  of  j)iperazin  in,  319 
(}uaiac    test    compared    with    ben/idin    test 

for  blood,  441 
Guinea  pig,  experimental   asthma   in.  874 
uterus,   apparatus    for   studxing    ctToct    ot 

drugs  on,  819 
Guinea  pigs   for  profit,  8,M 
Gun  deafness,  850 

H 

li-i<in    coiKcnlration,    use    of    indic.itors    to 
determine,    api).iratiis     for     teachiir.', 
825 
Hay   lever,  874 

Healed  syphilis,  spirochtles  in.  _M5 
Heart  tlisease,  blood  pressure  in,  ()43 
Hemolysis  in   pernicious  anemia,  558 
Hemolytic  toxins  as  tiie  cause  of  pernicious 
anemia,   554 
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Heroin   poisoning,    fatal,   a    report    of   two 

cases  of,  570 
Heroin,  separation  of,   from   organs,   649 

methods  of,  651 
Heterologous  and  homologous  serums,  tox- 
icity of,  536 
?Iistopathology   of   the   autonomic    nervous 

system  in  goiter,  295 
Hodgkin's  disease,  523 
Homologous  serums,  toxicity  of,  536 
Horse  serum,  treatment  of  asthmatic  guinea 

pigs  with,  875 
Hunger  and  appetite,  356 
Hyperpnea  seen  in  pneumonia  and  cardiac 

decompensation,  possible  explanation 

of,  867 
Hypophosphite  and  phosphite  combinations, 

value   of,   as   antidotes    for   mercuric 

chloride  poisoning,  812 


Immature  polynuclear  leucocytes  in  the  cir- 
culating blood  in  pulmonary  tubercu- 
losis and  other  infectious  diseases, 
240 

Incubator,  construction  of,  for  clinical  lab- 
oratory, 427 

Indican  in  urine,  test  for,  578 

Indicators  to  determine  H-ion  concentra- 
tion, use  of,  apparatus  for  teaching. 
825 

Indigo,  extraction   of,    from   urine,   579 

Infection,  chronic,  apparently   focal  in  gall 
bladder,  883 
phenomena  of,   18 
terminating  in  septicemia,  44 

Influenza   katatonic    dementia    prsecox,    700 

Intestinal     contractions,     respiration     and 
blood  pressure  tracings  of  dog  under 
ether  anesthesia,  101 
obstruction,  596 

Intracutaneous  luetin  and  agar  reactions  in 
rabbits,  effect  of  drugs  upon,  409 

Intravenous  injection  of  sensitized  typhoid 
vaccine  sediment  in  treatment  of  ty- 
phoid fever,  785 

Iron  metabolism  in  pernicious   anemia,   561 

Irrigation  of  wounds,  relation  of  physical 
chemistry  to,  803 

Tsoagglutinin  group  determination,  pres- 
ervation of  erythrocytes  of  a  known 
group  for,  516 

K 

Kidney  lesions,  effect  of  extensive  venesec- 
tion   and    transfusion    on,    in    severe 
acute     mercuric     chloride     poisoning, 
500 
Kidneys   in  pernicious  anemia,   563 
Kymograph,  new  kind  of  long  paper,  424 


Labyrinth,  organic  injuries  of,  by  detona- 
tions, 851 

Lamblia  intestinalis  in  stool  examinations, 
significance  of,  618 

Laxative  qualities  of  food,  759 

Lessons  of  1898,  587 

Lethal  dose  of  mercuric  chloride  poisoning, 
816 

Leukemias,  acute,  closely  related  to  chlo- 
roma,  622 

Lipin  content  of  the  liver  in  dyspituitarism, 
74 

Liver  changes  in  cases  of  hvpopituitarism, 
84 

Liver  function,  tests  of,  25 

Luetin  reactions  among  Wassermann  nega- 
tive persons,  influence  of  drugs  on, 
405 

Lycetol,  as  urate  solvent,  321 

Lymphocytes  and  tuberculosis.  919 

Li'mphocytosis,  occurrence  of,  as  one  of 
late  symptoms  of  gas  poisoning,  835 

Lysidin,  as  urate  solvent,  323 

M 

Machine  for  shaking  blood-mixing  pipettes, 
264 

Macrophages  in  feces  in  acute  dysentery, 
251 

IMalignant  tumors,  diagnosis  of,  by  paraffin 
sections  of  centrifuged  exudates,  580 

Mallock- Armstrong  ear  defender,  as.  pre- 
ventive of  war  deafness,  857 

Mass  urinalysis,  826 

Mechanism  of  action  of  drugs  upon  skin 
reactions,  411 

Medical  officer,  rank  and  authority  of,  595 

Medical  officers,  English  recognize  impor- 
tance of  giving  authority  to,  596 

Medicine  as  a  career,  62 

Medico-legal  investigation  of  the  causes  of 
death,  286 

Medium  for  making  blood  cultures,  tryp- 
sin broth,  198 

Meningitis,  purulent,  certain  aspects  of,  341 

Mercurial  germicide,  new,  669 

Mercuric  chloride  poisoning,  antidotes   for, 
813 
calcium  sulphid  as  the  chemical  and  clin- 
ical antidote  for,  445 
effect  of  extensive  venesection  and  trans- 
fusion on  kidney  lesions  in,  500 
sodium  phosphite  as  antidote  for,  722 

Metabolism  in  pernicious  anemia,  560 
uric  acid  in  relation  to,  1 

Michigan  tuberculosis  survey,  first  year  of, 
^206 
preliminary   study   of   the    positive    cases 
found  in  first  year's  work,  459 
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Microscopical  study  of  fat  content  of  liver 
cells,  86 

Military  camps,  desirability  of  having  ex- 
pert  entomologists  in,  663 

Modification  of  Noguchi  test,  266,  268 

Mosenthal's  work  on  the  measurement  of 
the  renal  function,  899 

Miich-Weiss  tubercle  granules,  362 

Murder,  ritual.  283 

N 

National  Research  Council,  581 

Nephritic  test  meal,  directions  for,  900 
normal  urinary  response  to,  901 

Nephritis,  blood  pressure  in,  643 
uric  acid  of  blood  in,   14 

Nerve  flaps  in  repair  of  peripheral  nerve 
severance  with  loss  of  substance,  840 

Nerve-stretching,  for  repair  of  peripheral 
nerve  injuries  with  loss  of  substance, 
839 

Nerve  transplantation  in  repair  of  periph- 
eral nerve  severance,  846 

Nessler  reagent,  preparation  of,  130 

Nitrogen  in  blood  and  urine,  determination 
of,   by  direct   Nesslerization,   130 

Noguchi  test,  modification  of,  266,  268 

Noise  deafness,  850 

Nonprotein  nitrogen  of  the  blood,  deter- 
mination of,  132 

O 

Occult  blood,  rapid  examination  of,  by  the 
benzidin  method,  437 

Organic  urate   solvents,  and   piperazin,  308 

Orthostatic  albuminuria,  638 

Osteoarthropathy,  pulmonary,  594 

Oxygen  consumption  in  animal  body,  appa- 
ratus for  determination  of  rate  of. 
146 
experimental  investigation  of  certain  phe- 
nomena relating  to  the  action  of 
drugs  on  the  rate  of,  146 

Oxygen,  pathological  effects  of  atmos- 
pheres rich  in,  254 

Oxytocic  test,  apparatus   for,   123 


Palatahility  of  food  essential,  757 
Paraffin    sections    of    ccntrifugcd    exudates 
in  diagnosis  of  malignant  tumors,  580 
Paraffin   wax,   or   closed,   method   of   treat- 
ment of  burns,  920 
Parasitism,  apparatus   for  examining   feces 

for  evidences  of,  345 
Parctic-likc  katatonic  dementia  pr.-ccox,  698 
Parietal  endocarditis,  acute  tuberculous,  731 


Pathogenic    bacteriology,     animal    inocula- 
tions  supplementary  to   an   introduc- 
tory course  in,  571 
Pathological  efiiects  of  atmospheres  rich  in 

oxygen,  254 
Peripheral  nerves,  injuries   to,   in  warfare, 
838 
operative   treatment   of,   after   severance, 

838 
suturing  of,  839 
Pernicious  anemia,  chemistry  of,  553 
gastrointestinal  conditions  in,  564 
hemolytic  toxins  as  cause  of,  554 
iron  metabolism  in,  561 
kidneys  in,  563 
metabolism  in,  560 
Pernicious  vomiting  without  acidosis,  asso- 
ciated with  a  disturbance  of  the  am- 
monia-urea   quotient    of    the    blood, 
509 
Phenoltetrachlorphthalein     test     for     liver 

function,  27 
Phenomena  of  infection,  18 
Phosphite  and  hypophosphite  combinations, 
value    of   as    antidotes    for    mercuric 
chloride  poisoning,  813 
Phosphorous  acid,  preparation  of  pure.  724 
Physical      examination      of      recruits      for 
United  States  Army  and  Navy,  sug- 
gestions   and    recommendations    con- 
cerning, 668 
Physicians  responsibility  in  connection  with 

food  situation,  833 
Piperazin,  addition  of,  to  pure  urate,  308 
to  urate  cakuli,  310 
and  other  organic  urate  solvents,  308 
effect  of  administration  of,  on  uric  acid 

and  urates,  313 
effect  of,  in  gout,  319 
effect  of,  on  diuresis,  316 
fate  and  excretion  of,  321 
undesirable  actions  of,  320 
Pituitary  extract,  action  of,  on  uterus,   121 

standardization,  120 
Plasmodia,  staining  blood   for,   138 
Plotting  charts,  a  simple  method  of,  247 
Pneumonia     and     cardiac     decompensation, 
possible  explanation  for  cyanosis  and 
hyperpnea  seen  in,  867 
Pneumonia,    condition    of    the     ciroulalory 

and  respiratory  systems  in.  270 
Poisoning,  cheese.  760 

mercuric  chloride,  antidotes   for,  445.  813 
Poisonous  proteins,   15 
Poliomyelitis,  i)acteri()logy  of,  ()71 

relationship  of,  and  distemper  in  :iniiii.ds. 

cm 

treated  with  specilic  sornm.  (kS7 
i'olyiuiclcar    leucocytes    in    llie    circulating 
blood  in   pulmonary   tuberculosis  and 
otiier  infectious  diseases,  240 
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Posterior  lobe  of  pituitar\-  bod}',  possible 
derivation  of  the  active  principle  of, 
from  the  tethelin  produced  by  the  an- 
terior lobe,  708 

Pregnancy,  toxemias  of,  520 

Preparation  of  sections  of  liver,  84 

Prevention  of  war  deafness.  849 

Prodigiosin  reactions  among  Wassermann 
negative  persons,  405 

Prophylactic  vaccination  witli  B.  typhosus, 
B.  paratyphosus  A,  and  B.  para- 
typhosus  B,  607 

Protein  extracts,  preparation  of,   for  diag- 
nostic cutaneous  tests,  655 
fever,  15 
in  the  diet.  75 
molecule,  chemico-biologic  concept  of,  20 

Proteins,  in  diet,  reduction  of,  754 

of  various  sources  necessary  in  diet,  756 
poisonous,  15 

Pulmonary  osteoarthropathy,  594 

Pulmonary  tuberculosis,  immature  poly- 
nuclear  leucocytes  in  the  circulating 
blood  in.  240 

Purines,   chemical   formulse   for,  2 

Purity  of  alcohol,  57 

Purulent  meningitis,  certain  aspects  of,  341 


Q 


Quantitative  separation  of  heroin  from  or- 
gans, 649 
Quinic  acid,  as  urate  solvent,  323 


R 


Rank  and  authority  of  the  medical  officer, 

595 
Rape,  detection  of  semen  after,  195 
Reconstruction   of   ganglion   cells    at    high 

magnifications.  306 
Renal    function.    Mosenthal's    work   on    tlie 

measurement  of,  899 
Renal  lesions,  urinalysis  in  relation  to,  134 
Resolutions   passed   by  the    faculty   of  the 

University      of      Michigan      Medical 

School,  April  2,  1917,  519 
Respiratory     and     circulatory     systems     in 

pneumonia,  condition  of,  270 
Respiratory    dead    space    and    alveolar    air, 

composition  of,  909 
Ritual  murder,  283 
Roentgenologic   findings   in   clironic   colitis, 

328 
Roentgen  ray  in  diagnosis  of  gastric  ulcer, 

^189 
Ruling  in  a  blood  counting  chamber,  choice 

of,  208 
Rupture  of  heart,  traumatic,  726 
of  tympanic  membrane,  in  war,  850,  852 


Salkowski-Kojo  test   for  cancer,   109 
Salomon-Saxl  test  for  cancer,   108 
Salomon  test  for  gastric  cancer,  104 
Semen,  detection  of,  195 
Sensitized     typhoid     vaccine     sediment,     in 

treatment  of  typhoid  fever,  785 
Septicemia,    infection   terminating   in,   44 
Serology   of   poliomyelitis,   684 
Severance   of    peripheral   nerves,   operative 

treatment  of,  838 
Sex,    in    relation   to   tuberculosis    as    found 
in  Michigan  tuberculosis   survey,  460 
Shaking  machine,   construction  of,  435 
Shell  shock,  854 
Sidonal,  as  urate  solvent,  322 
Simple  methods  of  plotting  charts,  247 
Skin     reactions,    effect     of     certain     drugs 

upon,  401 
Smallpox   vaccination   at  the  Universit}'  of 

California,   599 
Sodium  phosphite,  as  antidote  for  mercuric 
chloride  poisoning,   722 
preparation  of,  725 
Solvent  action  of  piperazin  urine  on  added 

uric  acid,  311 
Specificitv    of    vaccine    therapv   in   tvphoid, 

797 
Spermatozoa,  staining  of,   198 
Spirochetes,  365,  472 
classification,  370 
after  Dobell,  370 
after  Gonder,  370 
after  Gross,  370 
after  Levaditi,  371 
after  Migula,  370 
after  Swellengrebel,  371 
immunity  and  immunization,  486 
in  healed  syphilis,  215 
microchemical  reaction,  388 
mode  of  multiplication,  377 
pathogenicity,  379 
viability  of,  386 
Spironema,  classification  of,  381 
filterability  of.  479 

transmission  of,  to  man  and  animals,  472 
Spleen  in  pernicious  anemia,  chemistry  of, 

562 
Splenectomv,    experimental,    blood    picture 

following,  895 
Splenomegalia,  autopsy  report.  647 
Staining  blood,  technic  for,  138 
Staining  spermatozoa,  198 
Standard    agglutinable    cultures,    use    of    in 
testing  the  agglutinating  power  of  a 
serum,  611 
Staphylococci  in  septicemia,  44 
Status  thymico-lymphaticus,  635 
Stool   examinations,    essential    in    diagnosis 
of  chronic  colitis,  332 
significance  of  lamblia  intestinalis  in,  618 
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Streptococci  in  septicemia,  44 

Streptococcus,  most  frequent  terminal  in- 
vader, 185 

Sulfo-conjugation  as  influenced  by  liver 
diseases,  28 

Suture  a  distance,  in  repair  of  peripheral 
nerve  severance,  843 

Syphilis,  healed  spirochetes  in,  215 


Terminal  infection,   44,   180 
Tests : 

agglutination,   684 

complement  fixation,  simplified,  202 

cord  and  lead  ball  test   for  gastric  ulcer, 

189 
diazo,  37 

for  indican  in  urine,  578 
for  occult  blood.  438 
Gerhardt's    for    diacetic    acid    in    urine,    a 

modification  of,  203 
Xoguchi  test,  modification  of,  266,  268 
of   liver    function,  25 
phenoltetrachlorphthalein,   26 
Salkovvski-Kojo,   107 
Salomon,   for  gastric  ulcer,    104 
Salomon-Saxl,  107 
tetrachlorphenolphthalein,   31 
typhoidin,  217 
urochromogen,  3i7 
Wagner's  "dry  test"  for  blood,  438 
Tetanus  antitoxin,  dried,  741 
Tethelin,  action  of,  on  ferments,  717 
antigenic  properties,  712 
eflfect  of,  on  blood  count,  716 
effect  of,  on  blood  proteins,  714 
properties  and  action  of.  studies  on,  708, 
711 
Tethelin  split  product,  effect  of,  712 
Tetrachlorphenolphthalein  test,  31 
Thermostat  for  a  water-bath,  906 

for    clinical    laboratorv,    construction    of, 
428,  432 
Thymectomy,  effects  of,  633 
Thymus,  361,  632 

in  relation  to  bone  structure,  634 
in  relation  to  growth,  633 
in  relation  to  sexual  glands,  633 
Tissue  reactions  to  various  products  of  tlic 

tubercle  bacillus,   159 
Tobacco  poisoning,  chronic,  blond  pressure 

in,  643 
Tonsillectomy    during   tiie    course   of    acute 

rheumatic  fever.  168 
Toxemias  of   i)regnancy,   520 
Toxicity   of    heterologous    and    homolognus 

serums,  536 
Toxicogcnic   bacillus    isnlated    from   cheese, 

760 
Traumatic  rupture  of  the  licart,  726 
with  uninjured  chest  wall,  726 


Treponema,  classification  of,  382 
filterability  of,  479 

pallidum  in  the  cerebral  cortex  of  a  con- 
genital syphilitic  child.  260 
transmission  of.  to  man  and  animals,  472 
Trypsin  broth,  an  ideal  medium  for  making 

blood  cultures,  198 
Tubercle  bacillus,  tissue  reactions  to  vari- 
ous products  of,  159 
Tubercle    granules,    so-called    Miich-W'eiss, 

362 
Tubercular  paranoid  dementia  praecox,  696 
Tuberculin   tests,   m   Michigan   tuberculosis 

survey,  468 
Tuberculosis,  143 
and  lymphocytes,  919 
cancer  and  x-ray, 
complement  fixation  in,  354 
preliminary    medical     study    of    positive 
cases  found  in  first  year's  work,  459 
pulmonary,   immature   polynuclear   leuco- 
cytes in  the  circulating  blood  in,  240 
survey  in  Michigan,  first  year  of.  206 
Tubercular   suture   in   repair   of   peripheral 

nerve  severance,  843 
Tuberculous  parietal  endocarditis,  731 
Tubulization,  in  repair  of' peripheral  nerve 

severance,  843 
Tympanic  membrane,  rupture  of,  850 
Typhoid  fever,  cyanide  poisoning  in,  576 
memorandum  as  to  means  of  preventing 
and   treating,   particularly   in   armies, 
under  conditions  of  war,  719 
treatment  of,  by  intravenous  injection  of 
sensitized    tvphoid    vaccine   sediment, 
785 
Typhoidin  test,  application  of,  in  group  of 
'.uirses  and  physicians,  217 


U 


Ulcer,  gastric,   diagnosis  of,   189 

I'niform  colloidal  gold  solution,  a  standard 

method   for  making,   199 
Uniform  vaccination  technic,  603 
Urate  calculi,  -addition  of  piperazin  t<>.  310 
IVates,    effect    of   administration    of    piiur- 

azin  on.  313 
Urea  in  blood  and  urine,  determination  of 

by  direct   Ncsslerization.  133 
Urea  N.  of  blood  in  gout  and  nephritis,  14 
Uric  acid  and  urates,  effect  of  administra- 
tion  of  iiiperazin   on,   313 
in  blood,   11 

in  its  relation  to  metabolism,  1 
of  blood  in  gout  and  nephritic,   14 
solubility   of.   in   sennn   ccutiiinini.;   piper- 
azin. 310 
substances   forming.  3 
I'ricolytic  index,  7 

Urinalysis   in   rclati.-n   to   renal   lesion^.   134 
mass,  826 
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Urinary  response  to  the  nephritic  test  meaj 
in  disease,  903 
in  health,  901 
Urine,   ammonia   in,   determination  of,    133 
indican  in,  test  for,  578 
modification   of  Gerhardt's   test    for   dia- 

cetic  acid  in,  203 
nitrogen  in,  determination  of,  130 
urea  in,  determination  of,  133 
Urochromogen  and  diazo  tests,  Zl 
technical  difficulties  involved  in  compari- 
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